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ABSTRACT

We studied the general ecology of the Raptor Community living in the Canberra
Region. In particular, we were interested in the productivity, reproductive success,
food habits and trophic structure.
We located 12 species of breeding raptors in the area, similar to previous surveys.

Although we located most nests on fannland and non·urban nature reserves, there
were II species were breeding inside the city limits, with the only exception being the

White-bellied Sea Eagle Haliaeetus lellcogaster. a species that is mainly coastal but
is also a breeding resident in this inland region, nesting in rivers and dams.
The productivity and reproductive success of the community was high overall,
with five species showing higher productivity than average, while four more had
average productivity. Only two species had low breeding success and productivity.
The Collared Sparrowhawk Accipiter cirrocephalus - who made breeding attempts
but failed in most of them - and the Black-shouldered Kite Elanus axilaris - whose
tenitories were inactive the first 18 months of survey. and only started breeding late

in 2003.
The diet of the raptors was similar to previous records, though there were
exceptions. This study provided the first account of the food habits of inland Whitebellied Sea eagles. This species captured prey of aquatic origin, like the Australian
Wood Duck Chenonettajubatta (23.3 % of items and 26.1 % biomass); fish (23.3 and
26.1 %) and reptiles (13.3 and 13.2%). The diet of the Brown Goshawk Accipiter
gentilis showed an unusually high number of insects (54.4%), but birds and mammals
provided most of the biomass.

v
The dietary overlap (based on the Pianka index) of the species was low compared
to other studies. The trophic structure produced by the UPGMA cluster analysis
revealed 3 main feeding guilds: a) Vertebrate-feeders: Wedge-tailed Eagle Aquila
audax, Little Eagles Hieraaetus morphnoides and Whistling Kite Haliastur

sphenurus, which based their diet on mammals and large birds; b) Insect-small
vertebrates guild: formed by the Brown Falcon Falco berigora and the Brown
Goshawk; and c) Insect-feeders; Composed by the Nankeen Kestrel F. cenchroides
and the Southern Boobok Ninox novaeseelandiae. The other five raptors were not
grouped on any guild. Two of them were very specialized predators, the bird-catcher
Peregrine Falcon F. peregrinus and the rodent-catcher Black-shouldered Kite.
Finally, we explored some case studies on the topic of trophic dynamics. Two
were comparisons of the diet of the same species living in the same area at different
times. They provided contrasting examples of prey-switching. Peregrines and
Hobbies adjusted to a decrease in the abundance of their main prey, the Starling

Sturnus vulgaris, by consuming small numbers of several native bird species.
Interestingly, it seems that the Starling decline is related to an increase of Common
Myna Acridotheres Iris/is, a species that neither falcon seems able to capture. On the
other case Wedge-tailed Eagles changed from a diet dominated by rabbit to a diet
dominated mainly by other species: Eastern Grey Kangaroos (Birds as a group were
also important), thus switching one prey species with another, unlike the falcons. On
the final example, we used an original approach to evaluate the dietary overlap of two
species (Wedge-tails and Sea Eagles) by clustering neighbouring pairs, which are
more likely to show interspecific interactions. The neighbouring pairs showed low
overlap in their diets despite their close proximity.
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CHAPTER 1
General Introduction
1.1 Background
One important limitation of most local and international raptor studies is that most of
them take a species-specific approach or they focus on a limited number of species.
In Australia there are only three serious studies of communities of birds of prey, two
by Baker-Gabb (1984a, 1984b) and one by Aumann (2001a, 2001b, 2001c, 2001d).
Baker-Gabb studied the breeding ecology of twelve species in North-west Victoria
(1983b) and the breeding ecology and behaviour of seven species wintering in Coastal
Victoria (1983a). Aumann worked on the raptor assemblages of the Northern
Territory, particularly their habitat use (2001a), food habits (2001b), structure (2001c)
and breeding biology (2001d). Studies of this sort that focus on breeding
communities are thus scarce, and none have taken place in non-arid areas of Australia.

1.1.1. The Canberra Region and its raptors
Canberra has always been a city of raptors. With eleven species currently breeding
inside the city limits and at least six more as sporadic visitors, the city is unrivalled by
any other major urban centre in the world in its diversity and abundance of birds of
prey. The uniqueness of the city has been the topic of international publications
(Olsen 1995a, Olsen and Olsen 1990), and has also attracted a great deal of scientific
interest. Some of the first major studies of any raptor in Australia took place in the
area (Leopold and Wolfe 1970), and a Raptor Research Group was established in the
region in 1980 (Olsen 1981).
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This work focuses on the community of birds of prey living in the Canberra
Region , which includes the Australian Capital Territory (ACT) and surrounding areas
of New South Wales (NSW), all located in south-east Australia. I start by introducing
the breeding species present in the area. Basic information about their ecology,
behaviour, distribution (including a map for the distribution in Australia) and
conservation is provided. Except when indicated, in this work, when I refer to birds
of prey (or raptors), I include animals classified in the Order Falconiformes (diurnal –
hawks, falcons, kites, eagles and similar) and the Order Strigiformes (nocturnal owls). The species are presented in taxonomic order.
The current conservation status was obtained from: Annual Report of the ACT
Flora and Fauna Committee 2003-2004 (ACT); NSW Threatened Species
Conservation Act 1995 (NSW); Environment Protection and Biodiversity
Conservation Act 1999- EPBC Act (Australia); and from the IUCN Red List of
Threatened Species 2003 (woldwide).
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1.1.2. The Breeding Community
Black-shouldered Kite
Elanus axillaris

a) Description: This Kite is about magpie-sized and has a light grey back, white front,
black shoulders and pointed black wingtips. It hovers frequently, as does the
Australian Kestrel, a trait that makes it very conspicuous.
b) Food and Hunting: They live almost entirely on small mammals like House Mice,
whom they hunt from a high perch or by hovering, which provides a stationary
platform they can use to scan the ground and drop vertically, almost parachute-like,
into the grass onto their prey.
c) Habitat: Open areas with long grass dotted with mature trees. Around Canberra,
post-fire pine plantations make a good foraging habitat.
d) Breeding: This is the only Canberra raptor that can breed throughout the year – in
spring, winter or autumn. Continuous breeding has been reported when plenty of
food is available. The nest is a small cup, similar in size to a magpie nest, placed high
in a eucalypt or pine, usually in an open paddock. Three or four eggs are laid,
occasionally two or five. Incubation is 28 days. Young fledge in 42 - 50 days and may
stay with the adults up to 3 weeks.
e) Territoriality and Behaviour: Black-shouldered Kites are very aggressive to other
raptors and birds and dive at, and strike them, especially while breeding.
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f) Distribution and population: The species is endemic to Australia. Widespread in
mainland, but more abundant in the southeast and southwest of the country. Very
common on the Southeast highlands, particularly where high grasses are abundant. It
is generally found around Canberra in pairs or singly and seen flying or perched on
dead treetops.

g) Conservation: Not nationally or internationally threatened. It is widespread and
common through much of its range. It is also common in the Canberra region. Land
clearing and the introduction and abundance of its main prey, the House Mouse, has
been beneficial for this species.

Remarks: Although common, it is one of the least known Australian raptors. Around
Canberra, the species hasn’t breed in recent years, despite its abundance. There is
some indication however of pairs recently breeding in the area in the autumn-early
winter of 2004.

Sources: Fuentes and Olsen unpublished data, Marchant and Higgins 1993, Olsen
1992, Olsen 1995b.
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Whistling Kite
Haliasthur sphenurus

a) Description: This kite is larger than a raven and similar in size and appearance to
the Little Eagle and it may be confused as both are brown and have wing-spans of
about 120 cm. Their underwing pattern is similar. However, the Whistling Kites
have long rounded, not square, tails and a characteristic "window" pattern in the
wings, described in most field guides.
b) Food and Hunting: These kites are known for eating mainly carrion and fish, but
will eat most prey including rabbits, rats, lizards, small snakes and birds. They are
animals of aquatic habits and this is often reflected in their food habits. In the ACT,
however, rabbits and birds of different sizes dominate the diet.
c) Habitat: Near water during breeding. In the region, though, further from water than
usually reported, with nests located in open farms and hillsides as far as 1.5 km from
the rivers.
d) Breeding: Not detailed studies. Season between July and January, but on the
Southern Tablelands the species breeds in winter and early Spring (mainly MarchOctober). One to three eggs are laid, mainly two. Incubation lasts between 35-40
days. Young fledge in 49 - 52 days. In the A.C.T. they breed mainly east of Lake
Burley Griffin but others may breed on the Murrumbidgee River.
e) Territoriality and Behaviour: Characteristic behaviour includes a loud whistle and
lazy soaring. The adults often guard the nest from a nearby branch or perch.
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f) Distribution and population: Widespread throughout mainland Australia, Eastern
New Guinea and New Caledonia, rare in Tasmania. The Whistling Kite is rare in the
ACT.

g) Conservation: Not globally or nationally threatened. More common in the coast
and near water, scarce in the arid interior, mainly restricted to waterholes in the arid
inland. Their populations show recent decline. It was nominated as a threatened
species in the ACT, but the nomination was not recommended.

Sources: Debus 1998, Fuentes and Olsen unpublished data, Marchant and Higgins
1993, Olsen 1992.
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White-bellied Sea Eagle
Haliaeetus leucogaster

a) Description: A very large raptor with a wing span of 180 – 218 cm, similar in size
to the slightly larger Wedge-tailed Eagle. Adults are grey and white, unmistakable.
Juveniles brownish.
b) Food and Hunting: Eats birds, reptiles, fish, mammals, crustaceans and carrion. In
the Canberra Region the diet is dominated by water birds. Hunts mainly from an
exposed perch, followed by a quick dive. Sometimes it completely submerges when
hunting aquatic organisms, such as fish, sea snakes and eels.
c) Habitat: Coasts and islands, estuaries, rivers and lakes. In the Canberra region,
only breeds near water, particularly on riverbanks and dams.
d) Breeding: Season broadly defined from June-December. Local pairs usually start
around August. The nest is large and unmistakable, 1-2 m wide, 0.5-1.8 m deep,
similar to a Wedge-tailed eagle nest. Often placed high in large eucalypts or
casuarinas close to the water bodies. 1-2 eggs are laid, rarely 3. Incubation takes
about 40 days, with a nestling period of 65-70 days. There are few breeding pairs in
the area, but these few territories show a high reproductive success.
e) Territoriality and Behaviour: Conspicuous bird, commonly seen sitting on a perch,
hunting, or soaring. They defend the nest aggressively against intruders.
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f) Distribution and population: From west India to China and southeast Asia, passing
through Indonesia and New Guinea to Australia. In Australia mainly along the
coastline, including Tasmania, extending inland along rivers and other water sources.
Rare on the Canberra region, few breeding pairs and non-breeding residents. Only
one unconfirmed breeding attempt reported inside ACT in 1995. This territory hasn’t
been occupied in the last 4 years, but immature birds often use the area for foraging.

g) Conservation: Not threatened globally or nationally. Although moderately
common in most of its range, there have been localised declines in the southern end of
its range, mainly through habitat destruction and disturbance, and the species is at risk
of further declines since these activities are on the rise. The species is listed as Rare
in the ACT.
Remarks: Although called an eagle, the species is actually closely related to the large
kites of aquatic habits, not to the true eagles. One common trait of “true” eagles is
that their tarsus -legs- are completely feathered, unlike the legs of the Sea eagles.

Sources: Debus 1998, Fuentes and Olsen unpublished data, Marchant and Higgins
1993, Olsen 1992, Olsen 1995b, McWilliam and Olsen 2001.
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Wedge-tailed Eagle
Aquila audax

a) Description: This is the largest raptor in Australia, considerably larger than the
Little Eagle or Whistling Kite, and distinguished from White-bellied Sea Eagles
which are lighter in colour and slightly smaller. Wingspan is about 220 cm. The
diamond-shaped tail is a very conspicuous feature when the animals are on flight.
b) Food and Hunting: Eats mammals, birds, reptiles and carrion, usually believed to
prefer rabbits and hares. In the Canberra Region, the diet used to be dominated by
rabbits (around 50%) forty years ago, but nowadays the eagles are eating mainly
Macropods and large birds (more than 70 % both groups combined). Lambs are
rarely killed. The contribution of carrion and food stolen other raptors seems to be
considerable. Prey is often caught by a long angles stoop from a perch.
c) Habitat: Wedge tailed Eagles live in heavy mountain forest, along rivers, savannah
woodland and semi deserts. In the area they often use steep hillsides (mainly facing
southeast) and gullies.
d) Breeding: Near Canberra these eagles tend to lay 2 eggs in July -August, incubate
them for about 45 days, hatch young in August or September, and fledge 1-2 young
about ten weeks later in November. Breeding pairs were common near Canberra
thirty years ago, then disappeared as a result of the expansion of the city. Some pairs
have returned to suburban areas in recent years, mainly as a result of the availability
of nesting and foraging grounds provided by Canberra Nature Parks and farmland.
They and the Sea Eagles build the largest nest of any Australian tree nesting bird.
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e) Territoriality and Behaviour: Usually seen soaring high, using thermals. They are
very territorial and defend a large area against other raptors, and sometimes even
attack hang-gliders near nests. They show strong site fidelity, pairs in the area have
occupied the same territories for at least 40 years.
f) Distribution and population: Throughout mainland Australia and Tasmania;
accidental in New Guinea. In Australia, it is more abundant in the southeast and
southwest. Common around Canberra.

g) Conservation: Not threatened globally or nationally (with the exception of the
endangered Tasmanian subspecies, A.a. fleayi). There have been recent declines in
some areas of South Australia, New South Wales and Queensland as a result of the
introduction of the RCD and the subsequent decrease in rabbit numbers. At this point
the local population has not been affected.

Sources: Debus 1998, Fuentes and Olsen unpublished data, Leopold and Wolfe 1970,
Marchant and Higgins 1993, Olsen 1992.
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Little Eagle
Hieraaetus morphnoides

a) Description: Little Eagles are larger than a raven, with wingspans about 120 cm.
Distinguished from the similar – and much rarer in the region - Whistling Kite by the
Little Eagles’ short square (not long, round) tail and different underwing pattern.
Little Eagles come in two distinct colour morphs. Light phase are most common, and
are light cream underneath and dark brown above, and dark morph, which are dark
sooty coloured all over. Females are nearly twice as big as males in weight but they
can be difficult to separate in flight because males have longer wings in comparison to
their bodies.
b) Food and Hunting: Mainly medium sized mammals, birds, reptiles and large
insects. They are capable of rapid twisting pursuit and stoops, and near Canberra they
catch primarily rabbits and birds of all sizes, mainly Psittacids.
c) Habitat: Woods, scrubs and riverine areas up to 1500 m.a.s.l. In Canberra they
prefer river and open woodland and generally nest on hillsides. It is not known if they
nest at high elevations in the south of the capital territory.
d) Breeding: Near Canberra Little Eagles lay eggs in late August - early September
and after about 37 days incubation hatch young. They fledge 1 or 2 young (average
brood size is 1.1 young) after about 8 weeks. The nest is as large as a raven's nest and
they sometimes will use an abandoned Wedge tailed Eagle's nest. Though these eagles
are close to the weight of Peregrines they have longer incubation and nestling growth
periods than other similar sized raptors because they are taxonomically tied to eagles
like the Wedge-tailed Eagles.

12
_____________________________________________________________________
e) Territoriality and Behaviour: They spend much time soaring high. They
commonly attack other raptors by flying above them and diving to strike.
f) Distribution and population: Throughout mainland Australia and New Guinea.
Most breeding pairs are located in the Southeast (New South Wales and Victoria). It
used to be common around Canberra but numbers have declined in recent years.

g) Conservation: Not threatened globally or nationally. The local population is
decreasing, mainly as a result of habitat modification, urban expansion and an
increase in the numbers of Wedge-tailed Eagles.

Remarks: This is one of the smallest eagles in the world

Sources: Debus 1998, Fuentes and Olsen unpublished data, Mallinson et al. 1990,
Marchant and Higgins 1993, Olsen 1992.
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Brown Goshawk
Accipiter fasciatus

a) Description: This hawk is about raven sized with a longer tail. Adults are grey on
the back and rufous barred on the front, and commonly mistaken for the much rarer
Grey Goshawk. Juvenile Brown Goshawks are brown. These hawks, and Collared
Sparrowhawks, both hunt and nest in ACT woodlands. Both species are very similar,
but Brown Goshawks are larger with rounded, not square, tails and are more common
than Collared Sparrowhawks.
b) Food and Hunting: Mostly birds but also many small mammals. Around Canberra
Brown Goshawks hunt rosellas, starlings, other birds, rabbits, reptiles and large
insects in woodland. They still-hunt in trees and fly between them using cover to
ambush prey.
c) Habitat: In wooded and forested areas. Around Canberra they use a variety of
habitats, but tend to nest in open savannah woodland or, more commonly, stringy bark
woodland, and prefer eastern facing hillsides. Consequently they are common in
Canberra Nature Parks.
d) Breeding: Brown Goshawks lay 2- 4 eggs (usually 3) in a nest the size of a raven's
nest, in September of October, incubate them for 30 days and usually hatch young
during October or November in Canberra. One to four young fledge at about 30 (28 37) days and become very noisy flying after parents screaming for food. After
independence the young commonly harass birds in aviaries or chicken runs or pigeon
lofts, much to the annoyance of owners. They can nest 0.7 km apart in good habitat,
for example, along the Molonglo River.
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e) Territoriality and Behaviour: Not conspicuous, usually hidden in the vegetation,
easier to spot when soaring in spirals or calling loudly. Defends its territory fiercely
against intruders, including humans.
f) Distribution and population: Widespread throughout most of mainland Australia
(absent on sandy deserts), also Tasmania, Norfolk Island, Christmas Island, Indonesia
and southern parts of New Guinea. Moderately common in the Southeast highlands,
as well as in the ACT, where it is found in Canberra Nature Parks, riverbanks,
farmland and Namadgi N.P.

g) Conservation: The species is not threatened globally or nationally, but the
Christmas Island subspecies is considered Endangered. It is common in the area, but
in recent years has shown a decrease in its reproductive success.

Sources: Debus 1998, Fuentes and Olsen unpublished data, Marchant and Higgins
1993, Olsen 1992, Olsen 1995b.
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Collared Sparrowhawk
Accipiter cirrhocephalus

a) Description: The female is about the size of a feral pigeon, and the male about the
size of a crimson rosella, and are coloured like miniature Brown Goshawks, but have
a square tail and are less common.
b) Food and Hunting: Mainly small birds (20-75 g), also small mammals, lizards and
insects. Around Canberra the main prey items are House Sparrows and other small
passerines, as well as beetles. This hawk hunts its prey by ambush, and prefers to
catch them on dense cover.
c) Habitat: Mainly woodlands and forests. In the region, they prefer open woodland
and parklands particularly pine plantations. They also use urban areas, particularly
pine lines, sports ovals and golf courses. It is not known if they breed at higher
elevations on the ACT.
d) Breeding: This hawk and the Australian Hobby, are Canberra's latest breeding
raptors and the two species that better tolerate human disturbance during breeding.
Two to four eggs, usually three, are laid in November, in a magpie sized nest in a
eucalypt or, more often, introduced pine tree. Young tend to hatch in December after
about 35 days incubation and fledge in about 28 days in January. The species show a
very low reproductive success around Canberra.
e) Territoriality and Behaviour: Due to its preference for closed habitats and its
cryptic nature the sparrowhawks are easy to miss. However, they are noticeable
around Canberra when noisily defend their eggs, young and prey from currawongs
and ravens.
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f) Distribution and population: Widespread throughout most of mainland Australia.
Like the Brown goshawk, said to be absent from sandy deserts. Also present in
Tasmania, New Guinea and adjacent islands. Widespread but uncommon on the
Southeast highlands, similar trends are observed on the ACT.

g) Conservation: Not considered threatened globally or nationally. Although
widespread, it is uncommon over most of its range, though probably overlooked. In
the Southeast highlands and the Canberra Region, its reproductive success has been
affected by increases in the populations of pied currawongs and ravens, who attack
the adults and also rob them of food.

Sources: Debus 1998, Fuentes and Olsen unpublished data, Marchant and Higgins
1993, Olsen 1992.
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Peregrine Falcon
Falco peregrinus

a) Description: Peregrines are crow sized (female) or magpie sized (male) falcons
with pointed wings, wing span about 85 cm, quick wing beats, blue grey back and
characteristic black helmet and white bib, and black barring on the breast. Juveniles
are browner with dark teardrops on the breast.
b) Food and Hunting: Almost exclusively birds. Peregrines are excellent bird hunters
and catch animals of almost every size, from wrens to ducks, in mid-air. They catch
birds in a near vertical stoop, long slanted stoop, or tail chase. Near Canberra they
appear to have adapted to hunting Galahs and smaller parrots, but they also eat the
introduced Domestic Pigeons and Common Starlings. They often select conspicuous,
abnormal looking or behaving prey.
c) Habitat: Peregrines inhabit most types of habitat with cliffs, on wooded and
forested areas, open country, wetlands and also the arid interior. Absent on water and
tree less deserts. Because of the shortage of cliffs near Canberra Peregrines will use
lower cliffs than elsewhere in the world. Used cliffs are normally vertical, at least 13
metres high, with one suitable ledge, with no water flowing over the cliff and free
from excess human disturbance.
d) Breeding: All known ACT nests are on cliffs and in quarries, though there is a
stick nesting population at nearby Lake George. Peregrines occupy suitable cliffs for
many generations (one Tasmanian site has been used for 19,000 years). They lay
eggs in late August - early September, hatch after 35 days incubation and fledge 1-4
young in November and early December after 42 days in the nest.
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e) Territoriality and Behaviour: Very territorial, and they defend aggressively against
intruders, especially humans or other raptors. They often soar and perform acrobatic
dives to attack other birds.
f) Distribution and population: Cosmopolitan, present in all continents except
Antarctica. Occurs throughout most of mainland Australia and Tasmania, absent in
New Zealand. Common in the Southeast highlands and around Canberra, but
breeding restricted to where suitable cliffs are available. The local breeding
population has been very stable in the last 25 years.

g) Conservation: Not considered threatened globally or nationally. It was heavily
affected by DDT use in America and Europe, but populations have recovered there in
recent years. The main threats are disturbance at nest sites and illegal taking of eggs,
which can affect reproductive success.

Remarks: One of the few species that has been well studied in the region.

Sources: Debus 1998, Olsen and Fuentes unpublished data, Marchant and Higgins
1993, Olsen 1995a, Olsen 1992, Olsen and Tucker 2003, Olsen and Olsen 1988.
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Australian Hobby
Falco longipennis

a) Description: This small falcon looks like a miniature Peregrine with slightly longer
wings and less complete helmet because of a light mark behind each eye. They have
black heads, grey backs and tails and rufous breasts. Males are the size of crimson
rosellas and females the size of feral pigeons.
b) Food and Hunting: Mostly small birds (75 g) but they can catch animals up to 400
g, also flying insects. Near Canberra the breeding diet is dominated by birds and
insects, and supplemented with bats. Of the birds caught most are exotic species
including Common Starlings and House Sparrows. The females sometimes catch
prey as large as Rosellas or Feral Pigeons, and like all falcons, kill these prey by
breaking the neck with a bite, and so avoid being bitten themselves.
c) Habitat: Mainly in lightly timbered country, in dry open forests and open areas
with scattered trees and small woodland patches. They are adaptable though, and can
breed on grazing land, mountains and heavily urban areas. They tend not to live
where Peregrines are, probably because Peregrines displace them.
d) Breeding: Generally in spring and summer, but near Canberra they breed later than
most other raptors. They use the nest of a raven or crow after the earlier nesting
corvid has finished with it in Spring. That is, they seem to prefer a "fresh" nest. Two
or three eggs are laid in early November and incubated for about 30 days (28-35).
Nestlings hatch in December, stay in the nest for 35 - 41 days and fledge in January or
early February. Young stay in the nest area for about one or two months after
fledging.
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e) Territoriality and Behaviour: Australian Hobbies hunt by flying very fast over the
tree canopy. They are very acrobatic and spectacular flyers, most of the time easy to
watch. As with most raptors the smaller male does most of the hunting while the
female guards the nest; only after young are half grown does the female often begin
hunting.
f) Distribution and population: Occurs on most of mainland Australia, uncommon in
Tasmania and winter visitor in New Guinea, New Britain, Moluccas and Lesser
Sundas. In Australia, rare or absent in treeless areas of the arid interior. Widespread
but uncommon around Canberra.

g) Conservation: Not considered threatened globally or nationally.

Sources: Debus 1998, Debus et al. 1991, Olsen and Fuentes unpublished data,
Marchant and Higgins 1993, Olsen 1992.
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Brown Falcon
Falco berigora

a) Description: Brown Falcons are raven sized raptors that have more rounded wings
than most falcons. They vary in colour from dark brown to light cream and unlike
other falcons always have a double malar strip on the side of their face. When perched
they appear more long-legged than other falcons.
b) Food and Hunting: Very diverse diet, Brown Falcons are opportunistic carnivores
that take a wide range of prey types: mammals, birds, reptiles, insects, aquatic animals
and carrion. Locally, the diet is diverse, and shows strong variation between
territories, the main items are insects, small mammals and birds, skinks and molluscs.
They often perch on telephone poles, fence posts, wires or tree tops and drop onto
prey from height. They sometimes pursue prey at high speed, but they also pursue
them on the ground, something atypical of most falcons.
c) Habitat: Diverse. They occur in all habitats, but are more common in open country
and scattered woodland.
d) Breeding: Some Brown Falcons near Canberra lay eggs in August but most lay in
September and some in October, usually in an old corvid nest. The clutch of 2 or 3
eggs is incubated for about 32-35 days. Young hatch in late September or October and
fledge in about 35-40 days. Newly independent young often feed on crickets and
grasshoppers and, in autumn, can be seen in loose flocks of up to 50 birds.
e) Territoriality and Behaviour: They are the most commonly seen raptor across
Australia, often seen on roadsides perched on posts or powerlines. It is the noisiest
falcon and commonly cackles while flying.
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f) Distribution and population: Australia, New Guinea and some outlying islands.
Widespread and common across the mainland, also common around Canberra.

g) Conservation: Not considered threatened globally or nationally. It is common and
widespread and it has been benefited by habitat modification for farming and
agricultural activities.

Sources: Debus 1998, Olsen and Fuentes unpublished data, Marchant and Higgins
1993, McDonald et al. 2003, Olsen 1992.
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Nankeen Kestrel
Falco cenchroides

a) Description: This familiar raptor is slightly smaller than a feral pigeon and has long
wings and tail. They are reddish-brick coloured on the back and whitish cream on the
front, and have a black band on the end of the tail. Adult males have grey heads and
tails.
b) Food and Hunting: Terrestrial vertebrates (mostly mice), small birds, reptiles,
insects and other invertebrates. Near Canberra they eat mainly small dragon lizards,
grasshoppers, Christmas beetles and other insects. Like other falcons, these kestrels
tend to eat smaller prey like insects early in the breeding season then switch to larger
prey like birds when the young hatch. They commonly hunt from telephone wires,
poles, tree tops or from hovering positions. They dive onto prey on the ground in a
shallow dive or sometimes in a vertical stoop and they occasionally tail-chase birds
and catch them in mid-air.
c) Habitat: All types of open country, sometimes semi-open woodland but avoids
heavy forest.
d) Breeding: Near Canberra they usually nest in tree hollows, and occasionally in
potholes in cliffs or on building ledges. One to six eggs (average 3.85) are laid,
usually in late October or November and incubate for 30 days - 28 days per egg. They
have on average 1.6-2.1 young per territory. The young fledge in December or
January after about 31 days in the nest. The fledged young stay in the vicinity of the
nest and are fed by parents for about a month. They can breed when one year-old.
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e) Territoriality and Behaviour: Common roadside raptor, conspicuous when hunting,
hovering in open areas. They defend their nests aggressively, swooping at intruders.
f) Distribution and population: Occurs throughout Australia, rarely on Tasmania, also
resident in some offshore islands. Vagrants reach New Zealand and New Guinea.
Common and widespread on the southeast of the country, and also in the Canberra
area.

g) Conservation: Not considered threatened globally or nationally. Abundant and
widespread throughout its range.

Remarks: Only diurnal raptor that nests in hollows in the Canberra Region.

Sources: Bollen 1991, Debus 1998, Olsen and Fuentes unpublished data, Marchant
and Higgins 1993, Olsen 1992, Olsen and Olsen 1981.
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Southern Boobook
Ninox novaeseelandiae

a) Description: Boobooks are the common, brown, magpie-sized owl in and near
Canberra. The "boobook" call is commonly heard in Spring and the "churring" of
fledged juveniles in December and January. They are the only Ninox species with
females regularly larger than males.
b) Food and Hunting: They are carnivorous owls that take many invertebrates,
amphibians and reptiles, but mostly small birds and mammals. In the ACT they often
catch spiders, moths and beetles, snatching them from foliage or on the ground, they
also take mice, bats and birds. Boobooks often hunt at dusk and around streetlights
and along roads where, unfortunately, a large number are hit by cars.
c) Habitat: Most habitats with trees, avoids treeless deserts. Near Canberra they nest
and hunt in Savannah woodland, Stringybark woodland and in the city.
d) Breeding: Strongly seasonal with small variation across its range. Boobooks in the
region start breeding during August and September. Eggs, usually 2 or 3, are laid
often in October. They are incubated for about 35 days. The young tend to fledge in
December before they can actually fly and roost on heavy foliage with the adults.
These young may not stay near the nest as diurnal raptors do but instead follow the
adults through woodland and roost with them, sometimes in different locations each
day. The young may remain dependent for two or three months.
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e) Territoriality and Behaviour: Near breeding, adults become highly vocal and are
easily located by their "boobook" call, at this stage, adults perch together, often near
the hollow they eventually use. Canberra animals have home ranges of about 1 km2.
Unlike other owls they often roost in bushy foliage during the day rather than in
hollows.
f) Distribution and population: Widespread in Australia, Tasmania, New Zealand,
New Guinea and the Lesser Sundas. It is particularly common and widespread on the
southeast of the country, including the Canberra area.

g) Conservation: With the exception of some sub-species restricted to islands, this
owl is not considered threatened globally, nationally or locally.

Remarks: It is one of the best studied raptors in the region and also the only owl that
breeds inside the city limits.

Sources: Olsen, Trost and Fuentes unpublished data, Higgins 1999, Olsen 1992,
Olsen and Taylor 2001, Olsen and Trost 1997, Olsen and Bartos 1997.
* Another confirmed breeding raptor for the region, the Powerful Owl Ninox strenua is not included in
this introduction since no pairs were found in the present study and the species is not considered in any
of the subsequent analyses.
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1.2 Objectives and Structure
The main objective of this work is to describe the breeding ecology of the community
of birds of prey living near Canberra, in particular breeding success, productivity and
food habits.
In Chapter 2, I focus first on the methodology used for the survey. Finding nests is
the most critical element for the success of a work such as this, and the process we
followed to locate our nests is described in the chapter. Here I also introduce and
describe the study area. Finally, in this chapter the reader can locate the findings of
the survey itself (number of territories located) followed by the status of reproductive
success and productivity of the species studied.
Chapter 3 first describes the methodology used for prey collection and
identification. This is important since this information will be used as basis for the
analyses in other chapters. Secondly, the reader will find the diet description of the
local raptors, both in terms of prey items and biomass.
After describing the diet of the individual species, in Chapter 4 we use this data set
in a community-based analysis in order to describe the dietary overlap between
species, trying to describe the structure of the raptor community in terms of feeding
guilds. I also evaluate some aspects of the methodology of prey determination and
the effect they may have on the description of community patterns.
In Chapter 5 we present 3 case studies that describe the trophic dynamics of some
species. Two examples deal with comparisons of species in the same area between
times and one introduces a novel experimental design, comparing pairs of territories
located in the same areas in order to evaluate the effect of proximity on diet overlap of
species with some potential for competition.
Finally, I present a short synthesis of the main findings.
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CHAPTER 2

Survey, Nesting Success and Productivity
2.1. Introduction
In studies of avian populations it is often of interest to describe the reproductive status
of the animals living in the area. Raptor nest surveys are often used to compare
numbers of nesting pairs and reproductive success between areas and years (Fuller
and Mosher 1981; Steenhof 1987). Unfortunately, raptors often breed at relatively
low densities, and breeding attempts of some species are particularly hard to locate
(i.e. hollow nesters or nest in closed canopy cover). Thus, a researcher interested in
undertaking a raptor survey needs to decide among several methodologies and
measures to evaluate the reproductive status of a population.
The ACT and surrounding areas is home to several species of raptors, even inside
the urban limits of the city of Canberra (Olsen and Olsen 1990). The general ecology
of four of the local species is well known: Wedge-tailed Eagle, (Leopold and Wolfe
1970), Peregrine Falcon (Olsen 1992, Olsen and Tucker 2003, Olsen et al. 2004),
Nankeen Kestrel (Olsen et al. 1979, Bollen 1991) and Southern Boobook (Olsen and
Trost 1997, Olsen and Taylor 2001, Olsen et al. 2002a, 2002b), but information about
the other species is very limited.
The aims of this chapter are to describe the study area in detail, as well as the
methodology followed to locate and monitor raptor territories and the reproductive
success and productivity of the local species.
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2.2. Methods
2.2.1. Study Area
The survey took place in the Canberra Region (Figure 2.1), which includes the ACT
and surrounding areas of New South Wales. The urban area of the city of Canberra
covers most of the northern part of the ACT. Most of the undeveloped hill and ridge
areas in and around urban Canberra are protected nature reserves that, together, cover
an area of approximately 5720 hectares. The main vegetation associations are dry
sclerophyll forest, open forest, and woodland. The outskirts of the city is mainly
farmland with two protected corridors along the Molonglo and Murrumbidgee rivers,
which are up to 4 km wide and along the full length of the ACT section of the rivers
(66 and 18 km respectively). The vegetation here is dominated by River She-oaks,
Casuarina cunninghamiana. The Namadgi National Park covers much of the rest of
the territory on the southern end (106 000 ha). The habitat here is mainly wet
sclerophyll forest, dry forest with open grassy valleys on the lower elevations and
alpine woodland on the higher areas. More details on the study area can be found
elsewhere (Taylor and COG 1992; ACT Parks and Conservation 1995; Department of
Urban Services 1996).

2.2.2. Survey, success and productivity
The survey started in August 2002, throughout the breeding season up to March 2003
and then in June in the same year up to April 2004. Thus data collected for each
breeding season spread into the first months of the following calendar year.
We (E. Fuentes, J. Olsen and S. Trost) performed intensive searches through
suitable habitat as the main survey approach in order to locate as many occupied
territories as possible. We combined this method with: 1) Checks to historical nest
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Fig. 2.1. Study Area: The Canberra Region (34o45’- 35o47’ S, 148o40’ – 149o50’ E).

sites (Leopold and Wolfe 1970; Olsen 1992; Olsen unpublished data); 2) Reports
from the public and rangers from the ACT and NSW parks and conservation services;
3) Incidental observations of nests or birds (whose nest was located later); and 4)
Playing calls in order to detect the presence of nocturnal species (n= 5 nights). This
combination of methods has been recommended as the most successful approach to
maximize the sample size in raptor surveys (Lehman et al. 1998). Surveys were
performed in Canberra Nature Parks; along the Molonglo and Murrumbidgee Rivers;
some areas of Namadgi National Park; Googong and Burrunjuck Dams; around Lake
George; some city parks, ovals and golf courses; and several hectares of farmland,
both inside and outside Canberra’s city limits. In this study, when we refer to “city
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limits” we mean the geographical limits set for the city of Canberra, in other words,
all the areas included within the borders delimited by the suburbs.
We used a Global Positioning System to record nest locations (mean accuracy 6.1
± 2.1 m, n=129). To minimize the effect of the investigator on productivity,
disturbance was minimized in early stages of breeding, and we only climbed nests,
when possible, after the nestlings reached banding age. We visited each nest at least
twice in each season to evaluate productivity, with the exception of some peregrine
nests that were visited only once, since their location was already known and they are
part of an ongoing monitoring program (see Olsen 1992; Olsen and Tucker 2003;
Olsen et al. 2004 and Olsen et al. in press).
Standard terminology is crucial for the comparability of the results of different
surveys (Steenhof 1987), so we needed to clarify some definitions. Reproductive
success is defined here as the percentage or proportion of pairs in the population that
raise young to fledging age. Productivity refers to the number of young that reach
fledging age, and it is usually described in terms of young fledged per a) occupied; b)
active or c) successful territory (see definitions below).
An “occupied territory” is an area that contains one or more nests within the home
range of a pair of mated birds; these are said to be “breeding” or “active” when eggs
are laid. When we could not confirm egg laying, we considered a pair as active when
we found animals in incubating posture sitting on the nest on at least two occasions.
A territory was considered “successful” when the pair raised at least 1 young to the
age of fledging. We considered nestlings that were at least 80 % of the average age at
first flight as ‘fledged’ since after this age nestling mortality has been shown to be
minimal (Steenhof 1987; Steenhof and Kochert 1982).
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We assigned the territories to different land uses following the next categories: a)
Urban nature reserves (inside the city limits, mostly Canberra Nature Parks); b) Nonurban reserves (river corridors, Namadgi National Park, Burrunjuck Dam and
Googoong Foreshores); c) Farmland; d) Urbanized (suburbs, ovals, parks golf
courses and school campuses inside the city); and e) Other areas (forestry, militaryrelated, industrial).
In terms of the survey, we report the total number of occupied breeding territories
located and monitored. We also report observations on non-breeding raptors in the
area. Regarding reproductive success and productivity, we present the percentage of
active (active / occupied) and successful territories (successful / occupied), as well as
the number of young fledged per occupied, active and successful territory. Figures
are presented ± SE.

2.3. Results
2.3.1. Survey
Over the two years, we located a total of 148 occupied breeding territories of 12
species. Some territories located in the first year were abandoned or we didn’t
monitor them in the second season, so the total number of territories for 2003 was
only 135 (Table 2.1). All species bred inside the city limits in this period, with the
exception of the White-bellied Sea-Eagle.
Most territories were located on farmland and non-urban reserves (67% of total), with
the fewest located in urban areas (Figure 2.2).
Other species observed but not found breeding during the period of study were: 1)
Swamp Harrier Circus approximans: at least two pairs in Namadgi National Park and
another on Jerrabomberra wetlands, we suspect these animals are breeding but no nest
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Table 2.1. Number of occupied raptor territories located and monitored in the Canberra Region
in the 2002 and 2003 breeding seasons

Species

Black-Shouldered-Kite
Whistling Kite
White-bellied Sea-Eagle
Brown Goshawk
Collared Sparrowhawk
Wedge-tailed Eagle
Little Eagle
Brown Falcon
Australian Hobby
Peregrine Falcon
Nankeen Kestrel
Southern Boobook

Elanus axillaris
Haliastur sphenurus
Haliaeetus leucogaster
Accipiter fasciatus
Accipiter cirrhocephalus
Aquila audax
Hieraaetus morphnoides
Falco berigora
Falco longipennis
Falco peregrinus
Falco cenchroides
Ninox novaeseelandiae

NUMBER OF OCCUPIED
TERRITORIES LOCATED
2002

2003

2
0
2
10
5
18
6
18
5
18
13
4

3
2
4
13
5
37
4
15
5
21
18
7

101

134

Fig 2.2. Distribution of the raptor territories found in the Canberra Region across five categories
of land use.
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was confirmed; 2) Barn Owl Tyto alba: several individuals observed, most of them in
the Northeast section of Canberra, particularly near Fishwick and Pialligo; 3) Black
Kite Milvus migrans: one individual observed north of Queanbeyan in November
2003; 4) Black Falcon Falco subniger: one individual on farmland in the south-east of
the city for at least two weeks in late December 2002.

2.3.2. Productivity and Nesting Success
The summary of all the measures of nesting success and productivity for the 12
raptors is presented in Table 2.2.

2.4. Discussion
2.4.1. Nesting and Survey
Although our data showed that most nests were located on farmland and non-urban
nature reserves, these results should be taken with caution. The main goal of the
survey was to locate as many territories as possible, for which we used the variety of
methods described above, which produced an unequal sampling effort across areas.
For instance, areas at higher elevation in Namadgi National Park were harder to
survey, and it is likely that many nests were missed there. Contrastingly, territories
located on roadsides and open areas are easier to find. It is possible that the large
number of territories located on some of these land uses is an outcome of these biases.
Our results overall coincide with previous surveys (Olsen 1992, Olsen and
Rehwinkel 1995), confirming the presence of a diverse community of breeding
raptors in the Canberra Region. One difference is the lack of confirmed breeding
pairs of Swamp Harriers, from which at least one territory was located – in Mitchell –
in the early 1990s (Olsen 1992).
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Table 2.2. Breeding Success and Productivity of 12 raptor species in the Canberra Region.
Species follow the same order than Table 2.1.*Total indicates nest-years not territories
Number of fledged Young per:
Species

Territories

Active
(%)

Successful No of fledged
(%)
young

2002
BSK
WK
WBSE
BG
CS
WTE
LE
BF
AH
PF
NK
SB

2
0
2
10
4
15
6
18
5
18
10
4

0
2 (100)
7 (70)
4 (100)
14 (93)
5 (83)
17 (94)
5 (100)
15 (83)
10 (100)
4 (100)

0
2 (100)
6 (60)
2 (50)
13 (87)
5 (83)
16 (89)
2 (40)
12 (67)
9 (90)
3 (75)

2003
BSK
WK
WBSE
BG
CS
WTE
LE
BF
AH
PF
NK
SB

3
2
3
13
5
34
4
15
5
21
18
7

3 (100)
2 (100)
3 (100)
12 (92)
4 (80)
32 (94)
4 (100)
10 (67)
4 (80)
19 (90)
16 (89)
7 (100)

Total *
BSK
WK
WBSE
BG
CS
WTE
LE
BF
AH
PF
NK
SB

5
2
5
23
9
49
10
33
10
39
28
11

3 (60)
2 (100)
5 (100)
19 (83)
8 (89)
46 (94)
9 (90)
27 (82)
9 (90)
34 (87)
26 (93)
11 (100)

Territory

Active

Successful

0
3
10
3
16
5
24
5
22
20
7

0
1.50 ± 0.50
1.00 ± 0.30
0.75 ± 0.48
1.07 ± 0.15
0.83 ± 0.17
1.33 ± 0.18
1.00 ± 0.63
1.22 ± 0.27
2.00 ± 0.30
1.75 ± 0.63

0
1.50 ± 0.50
1.43 ± 0.30
0.75 ± 0.48
1.14 ± 0.14
1.00
1.41 ± 0.17
1.00 ± 0.63
1.47 ± 0.27
2.00 ± 0.30
1.75 ± 0.63

0
1.50 ± 0.50
1.67 ± 0.21
1.50 ± 0.50
1.23 ± 0.12
1.00
1.50 ± 0.16
2.50 ± 0.50
1.83 ± 0.24
2.22 ± 0.22
2.33 ± 0.33

3 (100)
2 (100)
3 (100)
10 (77)
3 (60)
28 (82)
3 (75)
8 (53)
3 (60)
15 (71)
15 (83)
7 (100)

8
4
5
18
5
40
5
17
7
29
37
15

2.67 ± 0.67
2.00
1.67 ± 0.33
1.39 ± 0.29
1.00 ± 0.55
1.18 ± 0.12
1.25 ± 0.48
1.13 ± 0.31
1.40 ± 0.60
1.38 ± 0.23
2.06 ± 0.31
2.14 ± 0.20

2.67 ± 0.67
2.00
1.67 ± 0.33
1.50 ± 0.29
1.25 ± 0.63
1.25 ± 0.12
1.25 ± 0.48
1.70 ± 0.33
1.75 ± 0.63
1.53 ± 0.23
2.31 ± 0.28
2.14 ± 0.20

2.67 ± 0.67
2.00
1.67 ± 0.33
1.80 ± 0.25
1.67 ± 0.67
1.43 ± 0.10
1.67 ± 0.33
2.12 ± 0.23
2.33 ± 0.33
1.93 ± 0.18
2.47 ± 0.26
2.14 ± 0.20

3 (60)
2 (100)
5 (100)
16 (70)
5 (56)
41 (84)
8 (80)
24 (73)
5 (50)
27 (69)
24 (86)
10 (91)

8
4
8
28
8
56
10
41
12
51
57
22

1.60 ± 0.63
2.00
1.60 ± 0.24
1.22 ± 0.21
0.89 ± 0.35
1.14 ± 0.10
1.00 ± 0.21
1.24 ± 0.17
1.20 ± 0.42
1.31 ± 0.17
2.04 ± 0.22
2.00 ± 0.26

2.67 ± 0.67
2.00
1.60 ± 0.24
1.47 ± 0.21
1.00 ± 0.38
1.22 ± 0.09
1.11 ± 0.20
1.52 ± 0.16
1.33 ± 0.44
1.50 ± 0.18
2.19 ± 0.21
2.00 ± 0.26

2.67 ± 0.67
2.00
1.60 ± 0.24
1.75 ± 0.17
1.60 ± 0.40
1.37 ± 0.08
1.25 ± 0.16
1.71 ± 0.14
2.40 ± 0.24
1.89 ± 0.14
2.38 ± 0.18
2.20 ± 0.16
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We also found many more territories of Wedge-tailed Eagles, Brown Falcons and
Nankeen Kestrels. We also failed to locate breeding territories of another species, the
Powerful Owl, which is a breeding resident at higher elevations in Namadgi National
Park (Olsen and Rehwinkel 1995). On the number of times that we checked the
historically known nest sites or played calls we didn’t get any response. Though no
pairs of Barn Owls were located breeding in the present study, it is possible that both,
Barn Owls and Swamp Harriers,
will be confirmed as breeding species in future surveys. These two raptors together
with the Powerful Owl and the 12 species reported here are thus likely to form the
complete breeding community of birds of prey in the Canberra Region.
In an urban context, the community is very diverse, represented by 11 species, with
only the White-bellied Sea-Eagle missing. This is unlike most urban centres
worldwide, where only one or a few species are present (see Bird et al. 1996).
Species such as the Peregrine Falcon, American Kestrel Falco sparverius or the
Osprey Pandion haliaetus are well known for their ability to adapt to urban
environments (Cade et al. 1988, Palmer 1988). The opposite is true for members of
the genera Accipiter, Aquila, or Elanus, which rarely nest in urban environments
(Bloom and McCrary 1996), though some species - like the Cooper’s Hawk Accipiter
cooperii - have become more common in cities in recent years (Bird et al. 1990). In
Canberra, these three typical “non-urban” genera are represented by four species
(Collared Sparrowhawk, Brown Goshawk, Wedge-tailed Eagle, Black-ShoulderedKite), plus seven more from which some are known to tolerate some level of human
activity (i.e. Peregrine Falcon and Nankeen Kestrel). We believe that the presence of
this diverse community is an outcome of the complex mosaic of habitat and prey
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available to them. The mixture of suburbs rich in vegetation, several urban nature
reserves and large areas of farmland provides the raptors with a large choice of
nesting sites, and at the same time provide food and shelter for several species of
birds, mammals, reptiles, fish and insects (native and exotic) that the raptors take as
prey. Without this complexity the diverse raptor community simply wouldn’t be
there.
This diversity shouldn’t be taken lightly, since it is a potential indicator of a
broader plant and animal community (Newton 1979). Aspects such as urban
development and recreational activities on nature reserves are a potential threat to this
diversity and need to be evaluated. Future studies should focus on the effect such
activities may have on the local raptors, both inside and outside the city.

2.4.2. Reproductive Success and Productivity of Local Raptors
The most meaningful measure of reproductive success is given by the number of
young fledged per occupied territory (Brown 1974; Postupalsky 1974; Steenhof
1987). Unfortunately, several studies do not report this index, instead they commonly
use the number of fledged young per active o successful nest (i.e. brood size - see
several examples in Marchant and Higgins 1993; Aumann 2001d), which have been
shown to be misleading, and it has been recommended to avoid their use (Steenhof
1987). This complicates meaningful comparisons between studies. In order to
perform some comparisons, we also used here the young fledged per active or
successful territory.
Furthermore, there was little information on the breeding parameters of five
species. It’s likely that the breeding of the Black-shouldered Kite, like other kites of
the genus Elanus, is strongly linked to fluctuations in its prey populations (Marchant
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and Higgins 1993). Though common in the study area, most territories observed were
inactive until late 2003 and early 2004. Three active territories located in the same
general area, could be an indication of a localized outbreak of house mice Mus
musculus. We only had data on 2 territories of Whistling Kite. Each fledged two
young in 2003, which gives them a productivity higher than the two studies
mentioned in Marchant and Higgins (1993), which fledged 1-1.3 young/territory.
Another species with little information was the Australian Hobby. Aumann (2001d)
reported 1.62 fledged young / active nest and a success of 50 %, which is similar to
what was found on this study. There was also little information for the Southern
Boobook. This species had similar productivity values to previous years (Olsen
unpublished).
There is some information on the breeding of the Brown Goshawk. The local pairs
had a productivity that fell within the normal pattern for the species (Marchant and
Higgins 1993; Aumann 2001d). The closely related Collared Sparrowhawk in
contrast, had a very low productivity with only 1.00 fledged young / active nest,
compared to 1.6-2.1 reported by Aumann (2001d) and Marchant and Higgins (1993).
Though there are no accounts for inland White-bellied Sea Eagles, the 4 territories
described here were always active, and fledged 1.6 young per territory between 2002
and 2003, double that 0.8 reported in Marchant and Higgins (1993)
The success and productivity of the last five species is well known. The local
Wedge-tailed eagles showed both high reproductive success (84 %) and productivity
(1.22 young / active nest). These are among the highest ever reported (Leopold and
Wolfe 1970; Brooker and Ridpath 1980; Marchant and Higgins 1993), similar only to
those from wet areas of Western Australia (0.90 and 1.20 respectively). When
compared with the breeding patterns reported by Leopold and Wolfe (1970) for
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Canberra in the mid-sixties, the eagles showed an increase in both success (64 % 1964 vs 84 % - 2002-03) and productivity (0.92 vs 1.22).
The success and productivity of Little Eagles was also among the highest reported
for the species, with 80 % of nests successful compared to 44, 57, 79 and 91 %
reported by Aumann (2001d), Debus (1984), Baker-Gabb (1984), and Mallinson and
colleagues (1990). There were fewer pairs however, than were located in previous
surveys (Mallinson et al. 1990; Olsen 1992). The Little Eagles abandoned territories
that they had during the late 80s and early 90s, and Wedge-tailed Eagles appeared in
these areas. Though it is likely that Wedge-tails excluded Little Eagles from this
areas, our data is not conclusive.
Though local Brown Falcons had productivity and breeding success similar to
previous studies (Baker-Gabb 1984a; Aumann 2001d; McDonald et al. 2003), they
were the only species to show a dramatic difference between 2002 and 2003. While
they had a success rate of 89% on the first year, this fell to 50 % in the second.
Marchant and Higgins (1993) reports that drought, rainfall and prey fluctuations are
the main causes of failure in falcons, but the 2002 Canberra bush fires may have been
responsible for the decline in this study. Six Brown Falcon territories were affected,
and four of those were inactive in 2003. The typical regrowth pattern of post-fire
Eucalyptus sp. blocked the easy access to most of the 2002 Brown Falcon nests that
were burned. As with other falcons, F. berigora doesn’t build its own nest, so they
may have been forced to search for an alternative nest within their territory, and this
could be related to their decrease in productivity.
As mentioned earlier, the Peregrine Falcon is part of a long-term monitoring that
started in 1979 (J. Olsen unpublished data), making it possible to compare the success
and productivity of 2002 and 2003 with the historical information for these same
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territories (Figure 2.3). Both, productivity and success, were average for this falcon
population, though the area was under a considerable drought**.

Figure 2.3. Historical productivity of the Peregrine Falcon Population in the Canberra Region,
1979-2003.
(Based on unpublished data from Olsen and Fuentes )

Finally, the productivity (2.04 young / territory) and success (86 %) of the
Nankeen Kestrel was higher that the studies reported in Marchant and Higgins (1993),
which showed ranges of 1.1-1.95 young per territory and 37-68 % of nests successful.
The breeding parameters presented here are not free of biases. Differential
searching effort across areas and the inclusion of breeding attempts located late in the
breeding season are factors that have shown to affect the estimates of breeding
success and productivity (Steenhof 1987). The Mayfield model (Mayfield 1961;
1975) was developed to overcome such biases, and should be considered for future
analyses.
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CHAPTER 3

Food Habits of the Raptors in Canberra

3.1. Introduction
Historically, studies on birds of prey were restricted mainly to single species (eg.
Leopold and Wolfe 1970; Newton 1986) being thus limited in the amount of
information on community patterns and interaction they could produce. More
recently, there have been several studies on the food habits of raptor communities on
all continents (Jaksi! et al. 1981; Jaksi! 1983; Jaksi! and Braker 1983; Jaksi! and
Delibes 1987; Marti et al.1993a, 1993b), including Australia, though here there are
only three serious studies of this type, two by Baker-Gabb (1984a, 1984b) and one by
Aumann (2001a, 2001b, 2001c, 2001d).
Though these studies have provided important information on the community
structure of Australian raptors, two of them took place in arid areas - Northern
Terriotry - Aumann (2001a, 2001b, 2001c, 2001d) and North-west Victoria (BakerGabb 1984a), while one dealt with non-breeding raptors (Baker-Gabb 1984b). Hence,
information on breeding raptor communities for non-arid areas, where the dynamics
could be completely different, are lacking. In this Chapter, I start our exploration of
the foraging ecology of a raptor community near Canberra by describing the diet of
the twelve breeding species.
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3.2. Methods
Except where indicated, we estimated diet by analysing pellets and prey remains
collected during the 2002 and 2003 breeding seasons from inside and under stick
nests, tree hollows, cliff ledges, and under roosts. The samples were collected mainly
by E. Fuentes, J. Olsen and S. Trost, though T. and G. Bellas, G. Peniche and M.
Osgood assisted with some collections at specific locations. Remains and pellets were
separated, and each pellet was placed in an individual zip-lock bag. The prey
identification analysis was performed in the laboratory by A.B. Rose. Prey remains
were identified by comparing feathers, bones, feet, beaks, scales and other remains
with collections and museum specimens when necessary. We followed Brunner and
Coman (1974) for microscopy identification of mammalian hair. Some bones were
identified by morphological comparison with museum specimens and a photographic
key of humerus bones of families of non-passerine birds. The humerus is often the
strongest bone because it bears the stress of flight, and is often the only unbroken
bone in Peregrine prey remains (W. Boles pers. comm). We also included
observations of kills and prey consumed in situ, if these items were not reflected in
the prey remains and pellets collected on that day or the following one.
We identified and counted body parts to estimate the minimum number of prey
items (MNI) in a pooled sample of pellets, prey remains and observations; the use of
all these methods is in order to minimise biases in the food estimations (Collopy
1983; Seguin et al. 1998; Simmons et al. 1991). We did not assume that one casting
represented one prey item since nestlings share prey items and more than one species
was often found in each casting.
Frequency of an individual prey species in the diet is not always directly related to
its nutritional importance (Morris 1979). Thus, I estimated the contribution to dietary
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mass by multiplying the MNI by the average weight in each prey category. The mean
or median weights of most prey were taken from the literature (see Appendix 1). The
weight of some species that show large variations in average size was estimated based
on the actual prey remains found at the nests, in order for the estimates to be more
accurate (Steenhof 1983; Marti 1987). This was the case of Eastern Grey Kangaroos Macropus giganteus , European Rabbits Oryctolagus cuniculus, Long-necked turtles
Chelodina longicollis - whose weight was estimated based on the size of the shells
found, using a length-weight relationship developed from data of 98 turtles collected
by A. Georges (unpublished). The weight of fish was estimated using gill covers and
backbones (see Appendix 1).
I applied correction factors following Baker-Gabb (1984a) and Brooker and
Ridpath (1980), and assumed that the raptors wasted or discarded 50%, 33%, 17% and
9% of the biomass of very large (> 10 000 g), large (> 300 g), medium (75-300 g) and
small (< 75 g) mammals respectively; 20%, 12% and 5% of large, medium and small
birds; and 5% of reptiles. I also included fish and invertebrates in the last category.
Following Baker-Gabb (1984a), I used an upper limit of consumed tissue of 500 g,
with the exception of Nankeen Kestrels and Southern Boobooks, where a 300 g limit
was applied.

3.3. Results
We identified 3977 prey items from 473 collections. On the whole sample of prey
items, the most common major taxa were insects (38.2 %, n=1519), followed by birds
(34.2 %, n=1359) and mammals (19.9 %, n=793). Detritus and other vegetable
material, likely to represent stomach contents of some prey, represented only 0.6 % of
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the total (n=23) and were eliminated from the subsequent analysis (see Gil and
Pleguezuelos 2001)

Black-shouldered Kite
Based on the 24 samples collected at 4 territories, the diet of the Black-shouldered
Kite was dominated by mammals (96.6 % by number and 75. 8% biomass – Figure
3.1). The vast majority of these were rodents, particularly House Mouse Mus
musculus (95.8 % by number and 65.1 % biomass – Appendix 2).

Fig. 3.1. Diet of the Black-shouldered Kite in the Canberra Region, 2002-03.
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Whistling Kite
The Whistling Kites captured 21 different prey species (6 mammals, 8 birds, 3
reptiles, 1 fish, 1 crustaceans and 3 insects – Appendix 2). Birds (37.4 6%, n=18) and
mammals (35.4 %, n=17) dominated the diet by number, but the contribution of
mammals was greater when biomass was taken into account (49.9 % of the total –
Figure 3.2). The European Rabbit was the main prey species both by number and
biomass (20.8 % and 30.3 % respectively).

Fig. 3.2 Diet of the Whistling Kite in the Canberra Region, 2002-03.

White-bellied Sea Eagle
We collected food from 4 Sea Eagle territories (6 nest-years). Organisms of aquatic
origin dominated the diet of this raptor (Figure 3.3). Thus, the birds were the main
taxa represented with 55.0 % of the total items and 53.0 % of the biomass (n=33),

46
_____________________________________________________________________
most of them were ducks and egrets, among which the Australian Wood Duck
Chenonetta jubata was the main prey species with 23.3 and 26.1 % of number and
biomass respectively (n=14). Two more taxa contributed considerably to the diet:
fish (23.3 % number and 26.1 % biomass) and reptiles (13.3 % and 13.2 %). The two
reptile species that were taken were the aquatic Eastern Water Dragon Physignathus
lesueurii and the Long-necked Turtle (Appendix 2).

Fig. 3.3. Diet of the White-bellied Sea Eagle in the Canberra Region, 2002-03.

Brown Goshawk
Data from 13 territories and 18 nest-years indicated that insects and birds dominated
the diet of the local Brown Goshawks when it came to the number of items (54.4 %
and 30.4 % respectively), but mammals (46.0 %) and birds contributed the most to the
biomass (43. 6% Figure 3.4). The main prey items were the Cicada Psaltoda moerens
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(n=70), followed by Christmas Beetles Anoplognathus sp. (n=34), European Rabbit
(n=19), Crimson Rosellas Platycercus elegans (n=12) and undetermined skinks Fam.
Scincidae (n=12). (Appendix 2).

Fig. 3.4. Diet of the Brown Goshawk in the Canberra Region, 2002-03.

Collared Sparrowhawk
We gathered data from 8 Collared Sparrowhawk territories. Two taxa dominated the
number of items at these nests: insects (61.2 %, n=128) and birds (36.4 %, n=76), but
only birds made a significant contribution to the biomass consumed (94.0 % - Figure
3.5). The most common insects were the beetles (n=105), whereas the most
important prey bird was the House Sparrow Passer domesticus with 8.6 % of the total
items and 8.9 % of the biomass (n=18; Appendix 2).
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Fig. 3.5 Diet of the Collared Sparrowhawk in the Canberra Region, 2002-03.

Wedge-tailed Eagle
We gathered 520 prey items from 32 Wedge-tailed eagle territories (45 nest-years).
Mammals and birds - in that order - dominated the diet by number (54.0 and 41.2 %
respectively) and biomass (67.1 and 31.3 % - Figure 3.6). The Eastern Grey
Kangaroo (14.4 % of items and 18. 1 % biomass, n= 75) and the European Rabbit
(16.3 % of items and 20. 6 % biomass, n= 85) were the most important prey species
overall. Among the birds though, ground-feeding species were the most abundant:
Australian Magpie Gymnorhina tibicen (n=33), Galah Cacatua roseicapilla (n=25)
and Australian Wood Duck (n=21) (Appendix 2).
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Fig. 3.6. Diet of the Wedge-tailed Eagle in the Canberra Region, 2002-03.

Little Eagle
Mammals and birds were the most important taxa, by number of items and biomass,
in the diet of the Little Eagle (Figure 3.7), based on 20 samples taken across 9 nestyears on 5 territories. From a total of 38 prey categories (32 species plus other taxa),
the European Rabbit was the most abundant and only dominant prey type (23.1 % by
number and 44.2 % of biomass, n=24) (Appendix 2).
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Fig. 3.7. Diet of the Little Eagle in the Canberra Region, 2002-03.

Brown Falcon
Data from 19 Brown Falcon territories produced 296 prey items across 6 major taxa:
Mammals, birds, reptiles, molluscs, crustaceans and insects. While insects dominated
the number of items (57.5 %), mammals and birds dominated the biomass
contribution (65.7 and 25.1 % respectively – Figure 3.8). By number, the most
important prey species were Christmas Beetles (19.7 %, n=58), Cicada (12.2 %,
n=36), European Rabbit (6.5 %, n=19), Little Basket Shell Corbicula australis (4.8
%, n=14) and House Mouse (3.7 %, n=11), but only the Rabbit figured in the biomass
contribution with 39.1 % of the total (Appendix 2).
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Fig. 3.8. Diet of the Brown Falcon in the Canberra Region, 2002-03.

Australian Hobby
Birds and insects dominated the diet of the Australian Hobby (Figure 3.9), the two
taxa combined provided 97.6 % of the total number of items. However, when
biomass figures were considered, birds provided the vast majority (89.6 % of
biomass), followed by mammals (8.6 %) and insects (1.8 %). Coleopterans and
Cicada were important in terms of numbers, but not in dietary mass. Common
Starlings (n=24), Eastern Rosellas Platycercus eximius (n=11) and House Sparrows
(n=10) were the most common bird species (Appendix 2).
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Fig. 3.9. Diet of the Australian Hobby in the Canberra Region, 2002-03.

Peregrine Falcon
Prey data were obtained from 64 samples collected in 38 nest-years at 21 Peregrine
territories. This species had the most specialized diet of the local raptors, eating
almost exclusively birds (96.7 % by number and 98.5 % biomass – Figure 3.10).
Three species provided half the number of items and the biomass, these were the
Common Starling (19.1 % of number, 7.6 % biomass, n= 128), Galah (16.6 % of
number, 27.1 % biomass, n= 111) and Rock Dove Columba livia (11.4 % of number,
17.1 % biomass, n= 76) (Appendix 2).
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Fig. 3.10. Diet of the Peregrine Falcon in the Canberra Region, 2002-03.

Nankeen Kestrel
We collected 39 samples from 20 Kestrel territories. The insects provided most of the
number of items, but the biomass contribution was divided across mammals, birds,
reptiles and insects (Figure 3.11). Cicadas, Coleopterans and Orthopterans were the
most numerous animals captured, while rabbits, skinks/lizards and Eastern Rosellas
provided most of the biomass (Appendix 2).
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Fig. 3.11 Diet of the Nankeen Kestrel in the Canberra Region, 2002-03.

Southern Boobook
We collected dietary information for the Southern Boobook from 9 territories (91
samples). Invertebrates (insects and arachnids) provided most of prey items captured
(92.2 % - Figure 3.12). Birds (53.2 %) and insects (30.6 %) were the main
contributors to the dietary mass, particularly via Coleopterans (22.4 %), Eastern
Rosellas (10.5 %) and Crested Pigeons Ocyphaps lophotes (9.3 %) (Appendix 2).
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Fig. 3.12. Diet of the Southern Boobook in the Canberra Region, 2002-03.

3.4. Discussion
There are known biases in the estimation of food habits of birds of prey based on
pellets and prey remains (Collopy 1983; Seguin et al. 1998; Simmons et al. 1991,
Sharp et al. 2002b; Rutz 2003). The most accurate method seems to be through direct
observations of kills and prey deliveries (Marti 1987). This method is time
consuming however, and it is not practical when a large number of nests of several
species are monitored, as is the case of this study. Most authors recommend the use
of a combination of prey remains and pellets, since this method produces similar
results to those obtained by direct observations (Collopy 1983; Oro and Tella 1995;
Seguin et al. 1998), though not all analyses agree (Sharp et al. 2002b). Similarly,
accuracy of biomass estimates depends on the accuracy of the weight assigned to a
prey item (Steenhoff 1983). There is much variation in terms of the correction factors
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and maximum consumption used in such analyses (see Brooker and Ridpath 1980;
Baker-Gabb 1984; Olsen and Tucker 2003; Fuentes et al. 2005), and clearly more
research is needed in order to standardize such calculations.
Though there is not much information on the Black-shouldered Kite, the birds
studied here had a very similar diet to previous records. In the only detailed study
cited in Marchant and Higgins (1993), these kites captured 95-98% House mice as
their prey items (Baker-Gabb 1984b). This level of specialization is also similar to
what has been shown for the closesly related kites of the genus Elanus (Jaksi! and
Delibes 1987). We found an unusual prey for this species, the Sulphur-crested
Cockatoos. We found remains of at least one of these cockatoos inside 3 pellets. The
remains in the pellets were not only feathers, but leg bones and claws, eliminating the
possibility of the kites swallowing loose feathers from the ground. This doesn’t
preclude the possibility of the kites taking the cockatoo as carrion, though Marchant
and Higgins (1993) do not report scavenging for this species.
The diet of the Whistling Kites supports Aumann’s conclusion that this species is a
versatile scavenger and opportunistic hunter throughout its range (2001b). The prey
near Canberra was similar to that reported elsewhere (Marchant and Higgins 1993),
with a diverse diet that includes mammals, birds, fish, insects and carrion. As in most
studies, birds and mammals dominated the overall diet (Debus 1983, Baker-Gabb
1984a, 1984b, Marchant and Higgins 1993, Barker 2004), although insects were not
as common as reported by Aumann (2001b). Debus (1983) and Aumann (2001b)
indicated a large degree of between-nest variation in the diet of Whistling Kites,
which is usually a function of local differences in habitat and prey availability.
Therefore, since our results are based on two territories only, they need to be taken
with caution. The diet reported here highlights the foraging habits of a species known
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to be a versatile scavenger and opportunistic hunter (Aumann 2001b), as well as a
pirate (Marchant and Higgins 1993). Some items could have been robbed from
nearby pairs of Collared Sparrowhawks, Goshawks, Little Eagles and Brown Falcons.
The large variability in prey size is also indicator of this versatility (Appendix 2).
Whistling Kites are reported to kill prey up to 240 g (Marchant and Higgins 1993),
therefore some of the large prey items discussed above (such as possums, hare, adult
rabbit, sheep and large birds) are likely to have been brought to the nest as carrion.
The 240 g estimate is based on one observation by Sullivan (1988), and seems rather
conservative. Even if I use a 500 g cut-off point (based on one observation by J.
Olsen who saw a Whistling Kite catch and kill a 500 g rabbit) to separate carrion and
killed items, carrion contributed somewhere around 75 % to the total dietary mass
consumed at these two kite nests. This is not consistent with the breeding foraging
habits reported, which indicate that the Whistling Kite relies mainly on live prey
during the breeding season (Marchant and Higgins 1993). Debus (1983) also
concluded that carrion was important in the breeding diet of two nests he studied at
Armidale, NSW. His results and the ones reported here suggest that a more complete
evaluation of the use of carrion as food by adults and, more important, nestlings,
during the breeding period is necessary to better understand the breeding ecology of
the Whistling Kite, particularly breeding success and nestling development. It is also
possible that these kites are capable of killing larger prey than previously thought,
another aspect that requires further evaluation.
This is the first quantitative account of the diet of inland White-bellied Sea Eagles.
In the only previous detailed study, Smith (1985) found that fish was the dominant
prey type (59 % of items), while aquatic birds were also common (37 %). The diet
reported here was the reverse, with aquatic birds (mainly ducks) being the most
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common prey group (55% number and 53% biomass), followed by fish (23.3% and
26.1 %). The contribution of reptiles (turtles and water dragons) was also higher for
inland birds. It is noteworthy to point out that the closely related Bald Eagle
Haliaeetus leucocephalus has a broader food niche on the coast than inland (Marti et
al. 1993a), pointing out that similar comparisons between coastal and inland
populations of White-bellied Sea eagles are worth investigating.
Although there is no previous information on the diet of the Brown Goshawk in
the Canberra Region, the food habits of different Australian populations are well
studied. The diet described here only adds to the already diverse prey base that the
species has shown in different areas. In Victoria the diet was dominated by mammals,
mainly rabbits (Baker-Gabb 1984a, 1984b); while birds were the main prey group in
Tasmania (Olsen et al. 1990) and the wet tropics (Burton and Olsen 1997).
Alternatively, the diets in the Kimberley, NT (Aumann and Baker-Gabb 1991) and
South-west Northern Territory (Aumann 2001b) were more diverse, with similar
contributions of mammals, birds, amphibians and invertebrates. This study reports an
unusual diet dominated by insects. However, the Canberra Brown Goshawks got
most of their dietary mass from a wide range of species of birds and mammals (89.5
%), similar to what was found in the studies summarized by Marchant and Higgins
(1993).
It has been argued that the Collared Sparrowhawk is a small-bird specialist
throughout its range (Aumann 2001b). Though the results of the present study
indicate that birds are important in the diet of this Accipiter, we found an unusually
high number of insects compared to previous accounts (Marchant and Higgins 1993,
Aumann 2001b). Coleopterans were particularly important in this respect, providing
50.2 % of the total number of items. In terms of prey biomass, birds provided the vast
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majority (94.0 %), mainly through Crested pigeons, Rosellas and House Sparrows, in
agreement with previous observations of breeding pairs in the ACT (Metcalf 1981;
Metcalf and Metcalf 1986).
The diet of the Wedge-tailed Eagle reported here is representative of what is
known for the species. The studies summarized in Marchant and Higgins (1993)
show that this large Aquila is a generalist predator that consumes mainly medium
sized mammals, carrion, large birds and large reptiles. The lagomorphs were the main
prey items of the species in the dry inland of WA (Brooker and Ridpath 1980),
Mildura, Vic. (Baker-Gabb 1984a) and near Melbourne (Hull 1986). Though large
Macropods are not uncommon as Wedge-tail prey in some areas, most reports of this
pattern come from arid areas (Leopold and Wolfe 1970; Brooker and Ridpath 1980).
Locally, the diet was well described by Leopold and Wolfe (1970). There are some
important changes in the food habits of the local Wedge-tails since their survey, but
they are the topic of a more comprehensive analysis presented in Chapter 5.
The main prey item of the Little Eagle in this study was the European Rabbit. The
studies summarized by Marchant and Higgins (1993) showed a similar trend,
contrasting to that reported by Aumann (2001b) for central Australia, where 82 % of
the biomass came from reptiles. Birds have being described as of minor importance
on the diet of this eagle (Aumann 2001b), but in this study birds were the most
common group by number (43.3 %) and second by biomass (35.6%), something
common in other eagles of the genus Hieraaetus (i.e. Bonelli’s H. fasciatus – Newton
1990). This study also provided the first observation of fish (one European Carp) in
the diet of this eagle (see Marchant and Higgins 1993).
The Brown Falcon have been described as an opportunistic and generalist predator
(Marchant and Higgins 1993, Aumann 2001b) with a broad diet (McDonald et al.
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2003), attributes that were confirmed on the present survey. The local Brown Falcons
had a very diverse diet that was dominated by insects in terms of numbers (57.5 %),
but with mammals and birds contributing the most to the dietary mass. This was
similar to what was reported by Aumann (2001b), but contrasts with the findings of
McDonald and colleagues (2003) and Baker-Gabb (1984b), who reported diets where
most prey items were mammals and birds, with a minimal contribution of
invertebrates. The occurrence of the Water Snail Glyptophysa gibbosa as Brown
Falcon prey, though not new (see Marchant and Higgins 1993) is worth mentioning,
and future research could try to unravel how they capture such unusual prey.
Although the diet of the Australian Hobby is poorly known compared to other
Australian Raptors, the degree of similarity between the few studies is remarkable,
and this study was no exception. The three previous accounts (Aumann and BakerGabb 1991; Debus et al. 1991; Aumann 2001b) found that small birds dominated the
diet, followed by insects. Similarly, we found that birds represented 58.5% of the
prey items, and insects were close second with 39.1 %. Our findings confirm that the
Australian Hobby is a specialized aerial predator, who specializes in small fast-flying
birds such as Starlings, House Sparrows and Rosellas; flying insects such as beetles
and cicadas, and that supplements its diet with bats.
It is well known that the Peregrine Falcon specializes on avian prey (Jaksi! and
Delibes 1987). The food habits described here agree with the ones previously
reported for Australia (Pruett-Jones et al. 1981; Marchant and Higgins 1993; Rose
2001) and the Canberra Region (Olsen 1992; Olsen et al. 1993; Olsen and Tucker
2003; Olsen et al. 2004). Locally, there appear to be some trends in terms of the
abundance of specific prey categories, but a more complete discussion on the topic
will take place in Chapter 5.
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Although there is some variation in the reports of the diet of the Nankeen Kestrel
in Australia, most studies show that the vast bulk of the prey items are usually
invertebrates (Olsen et al. 1979; Baker-Gabb 1984a; Bollen 1991; Paull 1991;
Aumann 2001b), although the variation in the reports is considerable. At Lake
Cowal, NSW, Olsen and colleagues (1979) found a diet dominated by House Mice (>
75 % by number). In contrast, near Goulburn, NSW, the Grass Skink Lampropholis
guichenoti provided 53 % of the number of items (Bollen 1991). Reptiles were also
important in central Australia providing 26 % of the items and 88% of the biomass
(Aumann 2001b). This study found that insects provided most of the prey items
(74.9%), but mammals, birds, reptiles and insects were all important in terms of
biomass. This Australian representative of the kestrels shows some similarity with its
American counterpart (F. sparverius) which is also an insect/vertebrate generalist,
both contrasting with the more specialized Common Kestrel F. tinnunculus (Jaksi!
and Delibes 1987). We found some unusually large species in terms of Kestrel prey
such as Swamp Wallaby Wallabia bicolor or Australian Magpie. These are most
likely to have been taken as carrion, though Nankeen Kestrels have only been
occasionally reported doing so (Marchant and Higgins 1993) and recent reports
indicate that they sometimes venture to kill unusually large prey (Oliver 2004).
The diet of the Southern Boobook in the ACT was similar to that reported by
Higgins (1999) and König and colleagues (1999). Insects provided the majority of the
prey items (81.3 %), similar to the findings of Penck and Queale (2002) and most
studies summarized in Higgins (1999). In terms of biomass however, birds were the
most important group near Canberra, agreeing with the reports of Campbell and Rose
(1996) and McNabb (2002), who concluded that vertebrates provide most of the
dietary mass. Results from this and other studies should be taken with caution
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however, since there is some controversy on the effect of the origin of the prey
remains and the methods of prey identification on the estimation of the diet in
Southern Boobooks (see discussion in Olsen et al. in press).
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CHAPTER 4

Trophic Structure of the Raptor Assemblage

4.1. Introduction
Studies on community ecology are crucial to understand the way nature functions.
Many believe that communities have predictable structures that are an outcome of
processes such as interspecific interactions and selective pressure (Macarthur 1958).
Some authors have suggested that the structure of natural communities can be
reasonably well described by the use of habitat, food resources and activity time
(Schoener 1974; Jaksi! et al. 1981). Habitat and diet are frequently complementary
dimensions of the niche as specified, suggesting that for coexistence to be possible
organisms compensate for similarities in habitat utilization by differential use of food
resources (Marti et al. 1993a). Food is a crucial resource for all animals, and the way
sympatric species share the available food supplies is thus fundamental in determining
coexistence and the structure of the communities.
Jaksi! (1985) suggested that diurnal and nocturnal raptors are an excellent model
for the study of community ecology. This is because they are large and conspicuous
animals, easy to locate. The study of their feeding habits and habitat selection
patterns is relatively simple compared to other taxa and their prey can be easily
identified to genus or species level. They are also less prone to be preyed upon by
other predators, thus their patters of prey selection are less likely to be influenced by
the pressure of being preyed upon. Also, since Falconiformes and Strigiformes posses
similar morphological adaptations for feeding and show high similarity in diet, these
two groups provide a rare opportunity to examine the role of time in enabling
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coexistence between ecologically similar but asynchronous assemblages (Jaksi! 1985;
Marti et al. 1993a).
More recently, trophic studies on birds of prey have emphasized guild structure of
assemblages at the regional level (Jaksi! 1988; Marti et al. 1993a, 1993b; Aumann
2001b). Root (1967) originally introduced the term ‘guild’, applying it to ‘a group of
species that exploit the same class of environmental resource in a similar way’; this
term groups together species without regard to taxonomic relationships, as long as
they overlap significantly in their niche requirements. Since its introduction, the
meaning of the term has been modified (Marti et al 1993b) and there is disagreement
of the use that researchers should give to it (Jaksi! and Delibes 1987).
Greene and Jaksi! (1983) proposed that the use of different taxonomic levels of
prey identification poses serious biases on the statistics aimed to assess high order
community phenomena. Specifically, the use of prey groups determined using “low
resolution” categories - such as taxonomic order or family - consistently
underestimated niche breath and overestimated niche overlap when compared to prey
determined to species level (Greene and Jaksi! 1983). Another common method to
group prey to determine community patterns is to divide the taxonomic orders by size
(Poole and Bromley 1988, Marti 1987), but the effect of such approach has never
been, to our knowledge, compared to low and high resolution determinations. The
aims of this section are to evaluate: 1) The effect of the level of prey determination on
the assessment of food-overlap relationships; and 2) To analyse the trophic structure
of the local community of birds of prey, particularly the way the species are sharing
the food resources and how they aggregate in different feeding guilds (sensu Root
1967).
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4.2. Methods
This community analysis is based on the data on food habits presented in Chapter 3.
The prey identified for the 12 different raptors produced a 12 x 222 matrix (raptors x
prey types = 2664). This matrix was in turned used for the analyses described
below. The analysis uses the number of prey items captured, and not their biomass
contribution, since its purpose is to explore the dietary overlap between species in
order to describe their relationship in terms of their use of resources. As
recommended by Marti and colleagues (1993) all the species data sets used
contained a minimum of 50 prey individuals.

4.2.1. Evaluation of the Level of Prey Identification
To evaluate the influence of the level of prey identification on the estimates of dietary
overlap of a raptor assemblage, I used a dissimilarity measure based on the Pianka
Index (Pianka 1973), which is commonly use to estimate dietary overlap in birds of
prey (Jaksi! et al. 1981, Greene and Jaksi! 1983, Marti 1987, Marti et al. 1993a). The
index is given by:

O = 1 – ( ! pij pik / " ! pij 2 ! pik 2 ),

where pij and pik are proportions of prey species (or other taxa/group) in the diets of
raptors j and k respectively. The values obtained this way are expressed as a
symmetrical dissimilarity matrix, ranging from 0 (complete overlap) to 1 (no overlap).
The process was applied to three different levels of prey determination: a) High
resolution (HS): prey determined to the most accurate taxonomic level possible (most
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to species or genera – see Table 3.1); b) Size resolution (SR): the diet was divided in
12 categories related to size difference among major taxa: large mammals (> 10 kg),
medium mammals (1-10 kg), small mammals (< 1 kg), large birds (> 500 g), small
birds (< 500 g), large reptiles (> 100 g), small reptiles (< 100 g), fish, insects,
arachnids, molluscs and crustaceans. The last five categories were not further
subdivided in sizes since their variation within was very small; and c) Low resolution
(LR): prey assigned to five broad classes, being taxonomic class for vertebrates
(mammals, birds, reptiles, fish) and one category of invertebrates.
The effect of these levels of prey identification was tested first by means of a
Mantel test to evaluate the correlation among the distance matrices, and secondly by
comparing the cluster analyses produced (for details on clustering specifications see
below). I also compared the clustering nodes (percentage variation remaining at each
node) using a paired T-test to explore any systematic trends in the linkage structure.

4.2.2. Evaluation of the Trophic Structure: Feeding Guilds
To analyse the structure of the community and assign raptor species to feeding guilds,
I also used the dissimilarity measure based on the Pianka Index (Pianka 1973),
applied to the proportion of prey species at the High Resolution level of prey
identification described above. The dissimilarity matrix obtained was then used as a
base for the clustering process. I used a UPGMA clustering technique to produce the
feeding guilds and assigned an overall value of 80% diet similarity as a cut off to
determine such guilds. For the clustering process, the Chord Distance (Legendre and
Legendre 1998) was selected as a distance measure, since it is practically equivalent
to the Pianka index in its formulation, equivalence that was confirmed by a Mantel
matrix correlation analysis (r = 0.996, p < 0.0001). I decided to take this approach in
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order to ensure that our results will be comparable to those using the traditional
method (Jaksi! et al. 1981, Jaksi! and Delibes 1987, Marti et al. 1993a). The use of
UPGMA clustering strategy has been recommended by several authors when
analysing dietary patterns of predator assemblages (Jaksi! and Delibes 1987, Marti
1987, Marti et al. 1993a). Initial exploration showed evidence of one outlier, the
Black-shouldered Kite. I decided to not remove this species since this difference
seems more an outcome of the pattern I want to explore, because this kite has a very
unusual diet with almost no overlap with any of the other resident birds.
The data were then analysed using Multidimensional Scaling - following the same
parameters described above – in an attempt to evaluate the discreteness and isolation
of the feeding guilds obtained, as well as to correlate these findings with the original
set of attributes (prey categories). All analyses were performed on SAS 8.0 and PCOrd 4.0. I started the ordination analysis with 6 dimensions as recommended by
Williams (2002). The preliminary run produced no solution and indicated the
possible effect of outliers and other deviations. Further exploration revealed the
existence of one outlier and high positive skewness, a problem that was remedied
using a double square transformation (Y = X2) 2). Since the subsequent NMS
suggested a 3-dimensional solution, the procedure was re-run using the recommended
solutions and the produced seeds.

4.3. Results

4.3.1. Level of Prey Identification
Mantel tests revealed significant correlations among the three levels of identification
(r= 0.75 to 0.89, t< .0001). Despite this correlation, the level of prey identification
had an important effect on the estimation of the trophic structure of the community.
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Losing resolution on the identification strongly overestimated the dietary overlap as
indicated by the clustering nodes, this overestimation was significant when HR was
compared against LR (t= -3.2, p < 0.01) and SR (t= -5.3, p < 0.0005). Although
insignificant, the comparison of Size and Low resolutions indicated the same trend (t=
-1.47, p = 0.17).
Related to this overestimation, the level of resolution had an effect on the trophic
structure of the assemblage. At the HR level, the raptors were assigned to eight
groups, composed by three major feeding guilds and five species that were not
ascribable to any guild (“solo” predators - Figure 4.1). SR produced six groups, two
guilds and four solo predators (Figure 4.2), while LR produced five categories (three
guilds and two solo predators).

Figure 4.1. Trophic Structure of a Raptor Assemblage living near Canberra, using a High
Resolution (HR) level on prey determination (Ea= Elanus axillaris, Aa= Aquila audax, Hs=
Haliastur sphenurus, Hm= Hieraaetus morphnoides, Hl= Haliaeetus leucogaster, Fp= Falco
peregrinus, Fl= F. longipennis, Af= Accipiter fasciatus, Fb= F. berigora Ac= A. cirrhocephalus,
Fc= F. cenchroides, Nn=Ninox novaeseelandiae)
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Figure 4.2. Trophic Structure of a Raptor Assemblage living near Canberra, using a Size
Resolution (SR) level on prey determination (labels as in Figure 4.1).

There were also changes in the specific grouping of the species. The Collared
Sparrowhawk and Brown Falcon basically switched places when resolution was lost.
The latter was originally associated closely with the Brown Goshawk and both
showed some diet overlap with the Australian Hobby (Figure 4.1). After resolution
was reduced, the Goshawk was closely related to the Collared Sparrowhawk and not
anymore to Brown Falcons or Hobbies (Figures 4.2 and 4.3); contrastingly, the Brown
Falcon became closely associated with the Nankeen Kestrel and the Southern
Boobook. Two clear solo predators at HR, the Peregrine Falcon and the Whitebellied Sea Eagle were grouped in one guild at the LR level.
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Figure 4.3. Trophic Structure of a Raptor Assemblage living near Canberra, using the Low
Resolution (LR) level on prey determination (labels as in Figure 4.1)

4.3.2. Trophic Structure: Feeding Guilds
The use of 80 % as the minimum level of clustering by diet similarity enabled
recognition of three main feeding guilds - with 3, 2 and 2 species in each - and five
“solo” predators or species that couldn’t be ascribed to any guild (Figure 4.1). These
groups were also evident on the NMS ordination plot (Figure 4.4).
A mammal-large bird feeding guild was composed by the two true eagles –
Wedge-tailed Eagle and Little Eagle - and the Whistling Kite. They shared the
consumption of medium size mammals, especially Rabbit, and to a less extent the
consumption of Hare, Sheep and several species of ground feeding birds such as
Galah, Sulphur-crested Cockatoo, and Australian Magpie among others.
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Figure 4.4. NMS ordination of species in a Raptor Assemblage living near Canberra based on
diet similarity (labels as in Figure 4.1)

An insect-small vertebrates feeding guild was composed by the Brown Falcon and
the Brown Goshawk. Approximately 50% of their total dietary items were insects,
primarily Cicadas, Christmas Beetles and Grasshoppers. This two species also
consumed supplementary amounts of Rabbits, small Skinks and three species of
medium size Parrots (Crimson and Eastern Rosellas and Red-rumped parrots).
The last guild had an insect-dominated diet (around 80 % of total items), and its
members were the Southern Boobook and the Nankeen Kestrel. They shared the
consumption of several types of Coleopterans, in particular species belonging to the
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Family Scarabidae, including the Christmas Beetles. They also overlapped in the
consumption of House Mouse and Eastern Rosella.
Amongst the “solo” hunters, there were three cases of specialised hunters whose
diet was very different from all the other species (0, 27 and 46 % similarity). The
most extreme case was the Black-shouldered Kite, whose diet was 96.6 % house
mice. This animal had the highest degree of specialization amid the local birds of
prey. Another specialist was the Peregrine Falcon, whose prey consisted 96.7 % of
birds. Finally, the Sea-Eagle also showed a very particular diet that consisted of fish
(23.3 % of total items), ducks (35.0 %) and freshwater turtles (8.3 %), being the only
species that really exploited prey of aquatic origin. The other two “solo” hunters were
more general on the taxa selected and had higher levels of overlap with the guilds.
The Australian Hobby was specialized in its hunting location however, since its prey
was almost completely aerial (birds, bats and flying insects – 98.8 % of total items);
as a result the species had some overlap with the insect-small vertebrates guild (71%
similarity). Likewise, the Collared Sparrowhawk consumed mainly insects (61.2 % of
total items) and birds (36.4 %), the House Sparrow, Common Starling and the two
rosellas being the most important. The high number of insects and the specific
species consumed made the diet of this raptor related to the insect guild (77 %
similarity).
Further exploration of the NMS ordination with the prey types revealed that the
trophic structure of the assemblage was mainly explained in terms of prey size. Prey
size was inversely correlated with Axis 2 on Figure 4.4 (r = 0.71 t = - 0.636). Raptors
with large prey (large and medium mammal eaters) are located towards the lower end
of the axis, with the Wedge-tailed Eagle as the most extreme case, a finding that
seemed to be linked with its large consumption of the biggest prey species of any
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raptor in the assemblage: large Macropods. Species with medium-sized prey (large
birds and reptiles) were located in the middle area of the plot, while species whose
diet was dominated by small mammals, small birds and insects were localized on the
upper region.
Visual examination of the change in bubble size resulting from the correlation
of the NMS ordination with each prey type revealed the categories that were
particularly important for the diet of the whole assemblage. These are summarized in
Table 4.1.

Table 4.1. Prey species of particular importance for the Raptor Assemblage living near
Canberra, as indicated by NMS axis correlation.
Number of raptor species where the
prey type was:

Rabbit
Galah
Crimson R.
Eastern R.
Starling
Christmas Beetles
Cicada

Present

Important
(> 5% # items)

9
7
10
9
8
8
10

6
1
2
1
2
6
5

4.4. Discussion
Our results confirm the findings of Greene and Jaksi! (1987) in the sense that the
level of prey identification altered the calculation of parameters of the community
structure. The previously unexplored effect of prey types assigned to size categories
showed similar deviations to the one shown by the loss of taxonomic resolution alone.
Thus, studies that attempt to study trophic relationships and community structure
should always use the highest resolution identification of the raptors’ prey types. This
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has serious implications for the design of studies of food habits among predators,
especially in cases where the nature of the predation makes it difficult, if not
impossible, to identify prey to any more than the taxonomic order. Such studies could
seriously overestimate prey similarity and assign predators to the wrong feeding
guilds.
Greene and Jaksi! (1987) argue that further increase of the resolution by means of
sub-dividing prey species into size categories is misleading in studies of trophic
communities since two species taking the same prey type may differ in the size of this
prey type, but they are still competing for the same resource (operative competition).
This is because although they are concentrating on different age cohorts of their prey,
they are affecting each other’s prey supply – juveniles taken by a small species would
reduce the number of adults to be taken by a larger species the next season, and adults
taken by the larger would decrease the size of the future juvenile cohort (Poole and
Bromley 1988). I believe that subdivision of prey species in prey sizes has its value,
which depends on the specific aims of the research. A study aiming to understand
spatial or temporal competition between predators as well as resource exploitation
patterns would be benefited by dividing prey species (already high resolution) in sizes
relevant to the capacity of the predators to capture them (for example rabbits from
kitten to adults). The benefit of using subdivision greatly increases when the prey
type in question shows a high degree of variation in size, since it controls this natural
variation to some extent.
The raptor assemblage of the Canberra Area showed a different pattern to those
studied in Victoria by Baker-Gabb (1984a, 1984b). In his research, the diet of the
assemblages as whole was dominated by one prey species, the Rabbit, being dominant
(> 50 % of prey items) in at least six species and present in two or three more. Marti
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and colleagues (1993a) described a similar assemblage in Michigan in the 1940s, with
high levels of overlap and where all raptors were included in one mammal-eating
guild. There was no such dominance of any species in the Canberra assemblage, in
fact, with the exception of the Black-shouldered Kite, no raptor had a prey species
contributing more than 30% to its diet.
The assemblage explored here was very diverse in terms of trophic structure, with
only three clear guilds located and five “solo” hunters present. This contrast with
most raptor assemblages studied (see a compilation in Marti et al. 1993a), and
indicates the diversity of the local prey base as well as potential differences in hunting
strategies. Despite the fact that the study took place in the middle of a big drought
(Australian Bureau of Meteorology 2005), the raptors had available to them a wide
variety of prey from different taxa. Even a mainly coastal species like the Sea-eagle
was a breeding resident in the region, though its numbers were low.
Separate guilds of vertebrate eaters and invertebrate eaters are a widespread
occurrence (Marti et al. 1993a). Within the former, different specialities based on
consumption of specific rodents (eg. voles or ground squirrels) vs. predation on
lagomorphs, are frequently recognized. We observed most of those patterns on the
present analysis. First, there was a distinct vertebrate-based guild (Haliastur
sphenurus, Aquila audax, and Hieraaetus morphnoides) and a ‘solo’ predator
specialized in rodents (Elanus axillaris). The American Black-shouldered Kite E.
leucurus only had one guild companion, the Barn Owl (Jaksi! and Delibes 1987), in a
guild of specialized rodent eaters. Barn Owls have not been confirmed breeding in
the ACT, and there are no reports of the diet of local birds (Fuentes and Olsen
unpublished), but its trophic relationships with the rest of the raptors, particularly E.
axillaris present an interesting future study. Specialized feeders, particularly bird-
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eating falconiformes often emerge alone in guild analysis (Marti et al. 1993a), a
pattern also followed by the two local bird-eating falcons (Falco longipennis and F.
peregrinus).
Guild structure may result from convergence upon a few important prey species
(Jaksi! et al. 1981; Jaksi! 1988; Marti et al. 1993). These convergences may result
from high abundances of single prey species (Jaksi! et al. 1981) but may also be
related to prey/predator size ratios (Jaksi! and Delibes 1987, Marti et al. 1993). This
appears to be the case in the guild described in this study. The NMS ordination plot
(Figure 4.4) showed that the feeding guilds formed discrete clusters distributed across
an axis that was correlated with prey size. Raptors also responded to arctic conditions
by partitioning resources largely in ways ultimately related to body size (Poole and
Bromley 1988).
The role of time as an axis in community structure is unclear. Jaksi! (1982) found
little evidence of dietary differences between diurnal and nocturnal raptors, however
Marti and colleagues (1993) discovered that dietary overlaps were higher on average
between synchronously active predators than between asynchronous ones. In the case
of our Insect-feeding guild, the diurnal Nankeen Kestrel and the nocturnal Southern
Boobook showed a high level of diet overlap. Interestingly, these two raptors are also
the only frequent hollow nesters in the Canberra Region, so studies that explore their
interactions in terms of the 3 axis described by Schoener (1974) – food, habitat and
time – are worth considering.
Raptors do not form isolated units (Marti et al. 1993a, 1993b). Some species are
closer in trophic niche to mammalian carnivores and even snakes than to other
raptors, regardless of their activity time. As a result, studies that attempt to explore
the community structure in terms of diet overlap ideally should include all potential
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predators, regardless of their taxonomic relationships (Jaksi! and Delibes 1987). At
minimum, studies of raptor assemblages must include both Falconiformes and
Strigiformes to obtain a clear picture of the food-niche relationships, and that’s often
not the case (e.g. Baker-Gabb 1984a, 1984b; Aumann 2001b). When included,
mammalian carnivores and snakes are often located in the same guild with raptors.
Thus, near Canberra, future studies should include species like the Red Fox Vulpes
vulpes and Wild Dog Canis lupus, and maybe even the feral cats Felis catus. Snakes
are also worth considering, though they have often shown to be isolated units in terms
of guild membership (Jaksi! and Delibes 1987).
Guild structure is not fixed in raptor assemblages; it fluctuates through time and
also seasonally (Marti et al. 1993a). Marti and colleagues (1993a) found that all
assemblages changed in guild membership from Non-breeding to Breeding seasons.
Also, the three localities they studied (Chile, Spain and Michigan) differed in the
dynamics of the guilds. The Chilean assemblage was the least dynamic, with the
same species present throughout the year and with neither guild structure nor
membership changing. Spain’s assemblage was more dynamic, with changes in guild
membership resulting from the influx of migrants. Despite this no marked dietary
shifts occurred. In Michigan both guild structure and membership displayed marked
seasonal shifts. In the non-breeding season the raptors concentrated on mice, forming
one tight trophic guild. During breeding guilds broke down in two ways, through
species emigration and through the remaining guild members using more diverse
prey.
Another source of variation arises from the variation in food supplies. Raptors
face a succession of lean and fat times in terms of prey availability. Responses are
met by either leaving the areas with shortages to return when prey became plentiful or
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by converging on a few prey resources available during lean time (thus reducing diet
breath and increasing overlap). This lean-fat scenario goes against the expectations of
competition theory (i.e. concentration on exclusive resources, reducing diet overlaps
during lean times) and is consistent with the expectations of opportunistic foraging
(Marti et al. 1993a). Broadening of dietary niche allows species to survive periods of
resource fluctuation; this strategy is also suggested by Optimal Foraging Theory. It is
possible that when niches broaden it is in response to competition (Robley et al.
2004).
We expect that guild members will, where possible, partition those resources that
are limiting. Interactions should occur frequently where niches overlap and
competition for limited resources is unavoidable. However niche overlap is not
always an indication of competition, it depends on weather the common resource is in
fact limiting (Lawlor 1980). Also, it is likely that competition occurs mainly at small
spatial scales, between animals leaving close to each other. In order to explore the
occurrence of competition studies at the local scale are needed.
So, is competition occurring between the raptors studied here? Jaksi! and Braker
(1983) suggested that raptor guilds concentrate their predation on the most abundant
species and that raptors are basically opportunistic feeders whose habits are generally
unaffected by potential competitors. Determination of competition based on dietary
overlap is difficult, and that there is in fact some evidence that indicates that
opportunism seems to be the driving force behind guild formation in raptors, not
competition (Marti et al. 1993a).
Further analysis could include not only data on food habits, but habitat and
environmental factors related to nest and territory selection in an attempt to
understand the main factors behind the structure of raptor communities. The
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dynamics of such underlying factors could also be explored, but long term monitoring
of the group of descriptors (food habits, habitat and environmental features, breeding
success, density, etc) is necessary to achieve such a goal.
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CHAPTER 5

Time and Distance: Three Case Studies on the Trophic Dynamics of Raptors

5.1. Introduction
The initial reason to study the food habits of raptors was to assess the impact of these
predators on livestock, game and other animals of some value to human populations
(Errington 1930). Interests have developed since, and studies that compare different
aspects of the feeding ecology of birds of prey soon became more complex.
Nowadays, comparisons of species between (Marti et al. 1993a) or within areas
(Kavanagh 2001; Leveau et al. 2004; Garcia and Arroyo 2005), and between
different times (Arroyo 1997; Sahores and Trejo 2004) are among the most
informative studies on the topic.
In this section I present 3 case studies that explore different aspects of the trophic
dynamics of the local raptors. Two of such cases present a comparison of the same
areas at different points in time, and involve changes in prey selection. The third case
provides a comparison of neighbouring pairs across areas, in order to explore the
trophic relationships of two species. These 3 case studies are extracted from papers
written jointly by E. Fuentes, J. Olsen and A.B. Rose, though only a fraction of the
data set is used here.

5.1.1. Case Study 1: Wedge-tailed Eagle Diet - 1964 vs 2000s
The Wedge-tailed eagle is one of Australia’s best-studied raptors (Marchant and
Higgins 1993). Most studies have been in the arid regions, so the knowledge of the
species’ ecology in the highlands of southeast Australia is incomplete. In the only
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major study from this area, Leopold and Wolfe (1970) monitored the diet, density and
productivity of these eagles in the Canberra region and northwest New South Wales.
These findings from the mid 1960’s are still cited as the current ecological parameters
for Wedge-tailed eagles in this area and elsewhere (e.g. Aumann 2001; Sharp 2002a).
In order to rectify this problem, in the 2002 and 2003 breeding seasons we monitored
the breeding ecology of the Wedge-tailed eagle on the Southern Tablelands of
Australia, in and near the Australian Capital Territory (ACT), including the region
surveyed by Leopold and Wolfe (1970). Here, I report the breeding diet of the
eagles and compare our findings to those reported by Leopold and Wolfe in 1970 in
order to evaluate the changes in the diet of the eagles after 40 years since the last
survey.

5.1.2. Case Study 2: Variation in avian prey for two local falcons after 10 years
The Peregrine Falcon and Australian Hobby breed throughout Australia and are
typical fast-flying, bird-catching falcons (Marchant and Higgins 1993). There have
been no major studies of the diet of the Australian Hobby outside the Northern
Territory, and no studies comparing the diet of Australian Hobbies and Peregrine
Falcons breeding in the same region, or comparing their diets in different decades
(Marchant and Higgins 1993). The diet of the Peregrine Falcon has been well studied
in rural and coastal parts of south-eastern Australia, particularly in Victoria and in
open, lower-elevation parts of the Australian Capital Territory and surrounding New
South Wales (Pruett-Jones et al. 1981; Olsen 1992; Marchant and Higgins 1993;
Olsen et al. 1993; Olsen and Stevenson 1996; Rose 2001; Olsen and Tucker 2003;
Olsen et al. 2004). They eat mostly flocking birds, particularly pigeons, parrots, and
Common Starlings, but also larger species up to the size of herons, ibises, and
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waterfowl (Debus 1998). The diet of the Australian Hobby has been less well studied
(Czechura and Debus 1986; Debus et al. 1991; Marchant and Higgins 1993; Aumann
2001). Outside of the study in the Northern Territory (Aumann 2001), there is only
one study of a single nest (Debus et al. 1991, n=100 items). Peregrines and Hobbies
share some prey species, like Common Starlings, and small parrots, but Hobbies
specialise in smaller birds, such as larks, pipits, grassfinches, doves and swallows, as
well as insectivorous bats and flying insects (Debus 1998).
Since there have been no long-term studies (over ten years) of change in diet for
any Australian raptor, our aim in this study was to compare the breeding diets across
60 Peregrine Falcon nest-years during two time periods - 1991-'92 and 2002-'03 near
Canberra. We also explored the changes across 3 Australian Hobby nest-years in
order to look for similar patterns in the prey captured, since both falcons are mainly
bird catchers and they share various prey species. To determine differences in diet
between the two falcon species, and between the two time periods, we scored the most
common prey species taken, and calculated the Geometric Mean Prey Weight and
Prey Species Weight for all prey and for avian prey. To determine if falcons took the
most common bird species in the two time periods, we compared the percentage of
prey captured against their availability common bird species in surveys of the ACT.

5.1.3. Case Study 3: Neighbouring pairs of large eagles
The search for mechanisms that permit coexistence of similar species is a central issue
of community ecology (Begon et al. 1990). Species that coexist are expected to
develop mechanisms of niche differentiation, especially when faced with scarce
resources (May 1973). Schoener (1974) argued that there are three main mechanisms
of niche segregation for birds of prey: habitat, food and time. Consequently,
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coexisting diurnal raptors are expected to select different prey species, prey sizes or to
segregate foraging areas.
The White-bellied Sea-Eagle and Wedge-tailed Eagle are the largest raptors in
Australia. The two species have similar mass, about 2400 g for H. leucogaster males
and 3300 g for females; 3100g for A. audax males and 4000 g for females (Marchant
and Higgins 1993). There are only two small studies of the diet of coastal H.
leucogaster and no studies of their diet inland. In the only detailed account, Smith
(1985) analysed prey remains under roosts in north Queensland (n=79 items), and
found 44% of the items were birds, 4% reptiles (sea snakes), and 52% fish, but no
mammals. A study on Franklin Island, South Australia (Eckert 1971) yielded about
20% fish, 60% birds (shearwaters), and 20% mammals in the form of bandicoot,
possibly carrion, though no sample sizes were reported.
In contrast, the diet of the Wedge-tailed Eagle is well studied. Near Canberra
European Rabbits constituted the primary prey in the 1960s, about 46% of the total
number of items; Brown Hares were the next most important species followed by
birds, sheep and lambs, small mammals, and lizards (Leopold and Wolf 1970).
Recent studies have shown that the diet of Wedge-tails near Canberra is now
dominated by Macropods (22.1% of total number of items), rabbits (25.0%) and birds
(37.5 %) (Fuentes et al. 2003). Mammals accounted for 78% of the diet near Mildura,
Victoria, all but 3% of this was rabbit (Baker-Gabb 1984a). In Western Australia 52–
95% of the items in the diet were mammals (Brooker and Ridpath 1980); similar to
what was found in central Australia (79% - Aumann 2001b), and on the Northern
Tablelands of NSW (76% - Debus and Rose 1999).
A. audax and H. leucogaster coexist in the Canberra Region, and they are
often found breeding close to each other (Fuentes and Olsen unpublished data).
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Given the similarity in size and foraging time (both diurnal), this presents a potential
for interspecific competition and an opportunity to study the trophic relations of two
species living in close proximity. Furthermore, there is some disagreement about the
importance of European Rabbits in the diet of H. leucogaster. Marchant and Higgins
(1993) report only two records, but Shepard and colleagues (2005) suggest that
European Rabbits have been indicated as assisting the increase of inland populations
of H. leucogaster. Rabbits have been reported as the main prey item for A. audax in
different locations of Australia (Brooker and Ridpath 1980; Baker-Gabb 1984a; Hull
1986; Aumann 2001b) and if H. leucogaster are exploiting rabbits to expand their
distribution, in order to do so they would have to compete with A. audax.
Despite this, there are no analysis comparing the diets of the two species.
Furthermore, studies on trophic relationships between raptors are often performed at a
regional scale, and it is assumed they indicate potential competition (Jaksi! 1983;
Marti et al. 1993a; Burton and Olsen 1997; Garcia and Arroyo 2005). However, to
clearly understand the effect of competition, studies need to take place at a local scale,
between neighbouring pairs (Marti et al. 1993a). Studies of this sort are scarce (e.g.
Nilsson 1984) and none have been undertaken for Australian raptors. As a result, we
decided to explore the trophic relationships of pairs of H. leocogaster and A. audax
breeding in close proximity near Canberra, on the assumption that the eagle pairs in
each area could access similar prey. We also explored the relative importance of
rabbits in the diet of the two eagle species.

5.2. Methods
Except when indicated, the methodology for prey collection, prey identification and
biomass calculations was the same than that described in Chapter 3.
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5.2.1. Case Study 1: Wedge-tailed Eagle Diet - 1964 vs 2000s
Food Estimators
During July-December 2002 and June-November 2003 we searched suitable habitat to
locate as many eagle territories as possible, and visited most territories located in the
previous survey (Leopold and Wolfe 1970) to assess their occupancy and monitor
their diet.
Because Leopold and Wolfe (1970) did not present an estimation of pellets and
remains combined, another estimation based on the MNI identified in fresh prey
remains only (no pellets or observations) was used to compare the food habits of the
eagles in 2002-2003 with those in 1964. For the purpose of this comparison the
species were grouped into eleven categories based on those reported in their study:
rabbit, hare, macropods, sheep, lamb, other mammals, ravens, magpie, parrots, other
birds and reptiles. They also reported the frequency of occurrence of different prey
types in pellets. This method, however, has shown to be one of the most biased
estimators of food habits in birds of prey (Marti 1987, Fuentes and Olsen unpublished
data), as a result of the production of multiple pellets from one item and nestlings and
adults sharing large prey items. Therefore, this approach was not considered for
statistical analysis, but the trends observed are also discussed.
In terms of biomass, since the prey items presented by Leopold and Wolfe (1970)
were already grouped into categories, we used for the comparative analysis the mean
biomass contribution of the levels in each category as the weight for that particular
prey group:

!n (No. Items Ln * Weight Ln) / !n No. Items Ln ,
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Where Ln is each level included on the category whose weight is being estimated (for
example, in the category Ravens, the three levels included were adult Australian
Raven, juvenile Australian Raven and Little Raven). This was applied to six of the
eleven categories described above, the other five were individual species whose
weights were taken from the literature (see Appendix 3). In both calculations, we
applied prey wastage factors based on those used by Brooker and Ridpath (1980): 50
% wasted biomass for large prey (sheep and adult macropods), 25 % for other
mammalian prey and 20 % for birds and reptiles.

Statistical Analysis
Preliminary explorations using chi-squared analysis on contingency tables (Zar 1999,
p. 486) and a Wilcoxon rank-sum test showed no significant differences between the
diet and the productivity found in 2002 and 2003 (p > 0.05). Consequently, the two
samples were pooled for the rest of the analysis.
Chi-squared analysis on contingency tables was used to identify differences in the
proportion of prey items consumed in 1964 and 2002-03. For each prey class, the
equality of proportions between these two samples was tested by multiple
comparisons on subdivided contingency tables following the Haber method (Zar
1999, p. 502). All post hoc contrasts were subjected to a Bonferroni correction.
Biomass figures were only subjected to visual examination. Means ± S.E. are shown
when appropriate. The criterion for statistical significance was P < 0.05. All analyses
and calculations were carried out using SAS 8.0 (SAS Institute Inc. Cary, NC) and
Excel 2000 (Microsoft Corporation).
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5.2.2. Case Study 2: Variation in avian prey for two local falcons after 10 years
Prey collection
In four breeding seasons in late 1991, 1992, 2002 and 2003, from the same 16
Peregrine Falcon territories (60 nest-years overall) near Canberra, we (JO in 1991 and
1992 – JO and EF in 2002 and 2003) counted the fledged young and collected prey
items and castings, usually from the same nest ledge, a total of 975 prey items from
152 collections. Eight nests were on riparian cliffs, and four in deserted or semi-active
quarries, all at around 500 m asl; four nests were on cliffs in Namadgi National Park
at around 1000 m asl. We collected prey remains and pellets from nest ledges and cliff
tops above or within 5 m either side of the nest, and considered young as fledged
when they reached banding age, at around four weeks.
JO intensively observed one pair of breeding Hobbies on farmland near the
Canberra suburb of Cook in 1991. In 2002 and 2003 we observed a nest close to the
one in 1991 that we assumed to be the same territory. We collected castings and prey
remains during the breeding season - incubation to post fledging, a total of 181 items
from 39 collections and counted young that fledged from the nest.

Biomass and Prey Size
We determined the prey biomass by multiplying the total number of items in the
pooled sample of pellets, remains and observations by the average body weights in
each category (see Appendix 4). No wastage factors were incorporated since falcons
often cache prey items (Cade 1982), and adults and juveniles often share prey. Figures
thus represent biomass captured. We categorised the captured bird prey as large or
small using a cut-off point of 20% of the falcon’s female body weight (see Olsen and

88
_____________________________________________________________________
Tucker 2003). Hence, small prey is under 180g for a 900 g Peregrine Falcon, and
under 58 g for a 290 g Australian Hobby (J. Olsen unpubl. weights for local falcons).
To estimate prey size we used two alternative measures: Geometric Mean Prey
Weight (GMPW - see Marti 1987) and Geometric Mean Weight of Prey Species
(GMSW). The latter only considers the weights of each prey type, while the former
considers these weights and the number of animals captured in each category, thus
reflecting the differential contribution of each prey species. To prevent
pseudoreplication problems, items that were not determined to species (such as Birds
undetermined or Rosellas undetermined) were not included in most GMPW and
GMSW calculations, the only exception being when there was no species of that
group identified (i.e.. if on any give year there were Crimson Rosella, Eastern Rosella
and Rosella undetermined the latter was not included, if there was only Rosella
undetermined then it was considered). Because Peregrines and Hobbies feed
predominantly on birds, and we were most interested in the differences between bird
species taken, we eliminated the confounding influences of the few mammal and
insect species taken by also calculating both prey size estimators for bird prey only.

Prey Abundance
To compare changes in the diet of the two falcons during the two time periods against
a measure of bird prey abundance we used the Canberra Ornithologists Group (COG)
Garden Bird Surveys conducted 1991-2003 (COG 2003, 2005). These indices of
abundance are conducted mainly by amateurs throughout the Australian Capital
Territory using a system of weekly tallies developed by Henry Nix (see Veerman
2003). Annual measures of abundance were available for all birds caught by the
falcons.
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Data Analysis
For the purposes of statistical analysis, we used the Main Prey Items consumed by
each raptor. A Main Prey Item was any species that contributed 5% or more by
number to the overall diet in at least one of the time periods. The Main Prey types for
Peregrines were: Silver Gull Larus novaehollandiae, Rock Dove, Galah, Eastern
Rosella, and Common Starling. The Main Prey for the Hobby were: Budgerigar
Melopsittacus undulatus, Crimson Rosella, Eastern Rosella, House Sparrow,
Common Starling, and Red-eye Cicada Psaltoda moerens. Other prey items
contributing less than 5 % by number to the total diet were grouped under the
following categories: Other Birds, Mammals, and Insects.
To identify differences in the proportion of prey items between 1991-1992 and
2002-2003 we used a Chi-square analysis on contingency tables. For differences
between each prey class, we subdivided the contingency tables as suggested by Zar
(1999, p. 502) and applied a Chi-square test following the Haber method. Post hoc
contrasts were subjected to a Bonferroni correction. Differences in prey size between
the two time-periods were explored using a t-test on the log-transformed prey weights,
since initial explorations showed that the raw data did not conform to the assumptions
of parametric analysis. Biomass figures were only subjected to visual examination.
The Shannon Diversity Index (Shannon and Weaver 1949) was used to estimate the
dietary diversity, this index is given by:

H’ = - " pi log pi,
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where pi represents the proportion of each species in the sample.
Prey selection was measured by calculating the foraging ratio (F) for the Main
Prey Items (see above) taken by both falcons (Silver Gull, Rock Dove, Galah,
Budgerigar, Crimson Rosella, Eastern Rosella, House Sparrow and Common
Starling). The ratio was also calculated for six more species that are common in the
area in order to explore the falcons’ selectivity on them, these were: Crested Pigeon
Ocyphaps lophotes, Gang-gang Cockatoo Callocephalon fimbriatum, Red-rumped
Parrot Psephotus haematonotus, Australian Magpie Gymnorhina tibicen, and
Common Myna Acridotheres tristis. The foraging ratio is obtained by dividing the
proportion of each component in the diet by its relative abundance (Edwards et al.
1995). This ratio approximates 1 when the resource is used in proportion to its
availability (proportional selectivity), it has values above one when the items are
selected for (positive selectivity) and below one when they are selected against
(negative selectivity). The relative abundance was calculated by dividing the total
number of a species observed in the COG survey by the total number of observations
for all bird species for that year (D. Rosalky and COG unpublished data). All
analysis and calculations were performed using SAS 8.0 (SAS Institute Inc. Cary,
NC) and Excel 2000 (Microsoft Corporation).

5.2.3. Case Study 3: Neighbouring pairs of large eagles
Between July 2002 and December 2004 we searched the study area for occupied
territories and for nests containing eggs or young. At three locations we located four
territories of H. leucogaster and, close to these, 5 territories of A. audax. Distance
between nests of A. audax and H. leucogaster (N=6) was 3.3 ± 1.2 km (range 1.65.1km). We considered pairs as neighbours when there were no other occupied
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territories between them. During three breeding seasons (2002, 2003 and 2004) we
made twelve food collections in seven nests-years for H. leucogaster, and nineteen
food collections from ten nest-years for A. audax, yielding a total of 115 and 118 prey
items respectively.

Study Area
We located three clusters containing 3 territories each near Canberra, their location
and characteristics were as follows:

1) Googong Dam (one H. leucogaster, two A. audax) to the east of the ACT, a water
catchment and recreational area dominated by grazing land and dry sclerophyll forest;
2) Murrumbidgee River (one H. leucogaster, two A. audax) on the section west of
the ACT/NSW border. Mainly grazing land dominated by Eucalyptus melliodora, E.
macrorhyncha and Casuarina sp.; and 3) Burrunjuck Dam (two H. leucogaster, one
A. audax) west of the ACT, an irrigation storage dam and recreation area dominated
by grazing land and scattered E. melliodora and Casuarina sp. (Figure 5.1).
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Figure 5.1. Location of three clusters of Wedge-Tailed Eagle and White-Bellied Sea Eagle
territories near Canberra.

Quantitative and Statistical Techniques
We estimated the dietary mass by multiplying the MNI by the average weight in each
prey category. We used the same correction factors introduced in Chapter 3, and an
upper limit of consumed tissue of 3 800 g, based on: 1) the amount that WTE usually
consume after a kill, 500 g (Fuentes pers. obs); and 2) the maximum usable biomass
they can bring to the nest: 3 300 g (5 000 g they can carry - Brooker and Ridpath
1980 - less 1/3 wasted – see Baker-Gabb 1984a). Though conservative since it
assumes only on-feeding visit to large prey items, this type of upper limit is more
accurate than the ones normally used to estimate consumed biomass during breeding
since it includes the amount of food that is consumed by the adult at the kill or roost
(Parent Food) and the one eaten by the offspring (Nestling Food) after the adult
carried portions or the remaining of the prey to the nest (see Fuentes et al. 2005).
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In order to describe the overall diet of the two species, we calculated the
Geometric Mean Prey Weights (GMPW - Marti 1987) and the Standardized Food
Niche Breadth as recommended by Jaksi! (2000) for the pooled data of all nests. A
standard t-test on log-transformed values was used to analyse the differences in
GMPW. In order to explore the trophic relationship of the neighbouring pairs, food
overlap between the two species was estimated for each cluster, this was based on the
Pianka Index (Pianka 1973) ( O = " pi qi / (" pi2 "qi2)1/2). This niche metric was also
calculated for the pooled data.

5.3. Results

5.3.1. Case Study 1: Wedge-tailed Eagle Diet - 1964 vs 2000s
The proportional contribution of the different prey categories was significantly
different between 1964 and 2002-03 ("2 = 136.80, d.f. = 10, P < 0.0001; Figure 5.2).
Multiple comparisons on the divided Contingency tables showed which categories
were responsible for this difference. Three groups decreased significantly: Rabbit
(43.8 % in 1964 v 17.0 % in 2002-2003; "2 = 50.99, d.f. = 1, P < 0.0001), Hare (15.8 v
7.9 %; "2 = 8.27, d.f. = 1, P = 0.004) and Lamb (8.9 v 1.8 %; "2 = 14.71, d.f. = 1, P =
0.0001); and three more showed significant increases: Macropods (1.9 v 19.4 %; "2 =
41.62, d.f. = 1, P < 0.0001), Parrots (3.5 v 10.9 %; "2 = 10.76, d.f. = 1, P = 0.001) and
Other Birds (4.6 v 17 %; "2 = 20.65, d.f. = 1, P < 0.0001).
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Figure 5.2. Proportional contribution of different prey groups to the diet of the Wedge-tailed
eagle, based on fresh prey remains collected during the breeding season on the Southern
Tablelands in 1964 and the 2002-2003.

The changes observed in the percentage composition of the pellets agree with those
observed on the remains. Leopold and Wolfe (1970 p. 8) found that 65.4% of the
pellet composition consisted on Lagomorphs (Rabbits and Hares), this percentage
decreased to 34.6% in 2002-2003. Sheep and Lamb also decreased from 12.2% to
5.1%, whereas Kangaroos/Wallabies and Birds increased (2.9 to 24.8 % and 10.2 to
28.1% respectively).
Biomass figures showed similar trends, with a marked decrease in the biomass
contribution of Rabbit, Hare and Lamb and an increase in the Macropods (Figure 5.3).
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On the other hand, birds had a similar contribution to the dietary mass in the two
periods.

Figure 5.3. Proportional contribution of different prey groups to the dietary mass of
the Wedge-tailed eagle, based on fresh prey remains collected during the breeding
season on the Southern Tablelands in 1964 and the 2002-2003.

There was a shift from a diet dominated by exotic animals, to a more balanced diet, in
other words, the diet was not dominated by one or two species, but several instead. In
1964, exotics provided 72.1 % of the prey items and 83 % of the biomass, whereas
native animals contributed 27.9 % and 4.9 % (12.1 % of the items had an unknown
origin). The contribution of these groups changed in 2002-2003, when only 36.7 % of
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the prey items and 42.5% of the biomass had an exotic origin and native animals
contributed 62.4 and 44.6 % respectively (12.9 % unknown).

5.3.2. Case Study 2: Variation in avian prey for two local falcons after 10 years
In both time periods Peregrines and Hobbies caught predominantly birds (Appendix
4) and there was a similar contribution of major taxa (Taxonomic Classes: Mammals,
Birds and Insects) in the two time periods, that is, any differences between 1991-'92
and 2002-'03 lay mainly within these taxa. Both falcons captured more species in the
2002-03 period than in the 1991-92 period (Table 5.1) and proportionally more
species that were not taken in 1991-92 (Table 5.2).

Table 5.1. Total number of species taken by Peregrine Falcons and Australian Hobbies in the
two study periods

Peregrines

Hobbies

91-92

02-03

91-92

02-03

Native Birds
Exotic Birds
Mammals
Insects

24
2
1
1

53
4
2
4

10
2
0
4

15
2
1
7

Total

28

63

16

25
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Table 5.2. Species taken in by Australian Hobbies and Peregrine Falcons in both periods and in
one period and not the other

Peregrine Falcon

Native
Birds

# Species taken:
In 91-92 and 02-03
In 91-92 but not in 02-03
In 02-03 but not in 91-92

16
8
37

Australian Hobby

Native
Birds

# Species taken:
In 91-92 and 02-03
In 91-92 but not in 02-03
In 02-03 but not in 91-92

4
6
11

Exotic Mammals
Birds
2
0
2

1
0
1

Exotic Mammals
Birds
2
0
0

0
0
1

Insects

Total

0
0
4

19
8
44

Insects

Total

2
2
4

8
8
16

Changes in Prey Abundance
The percentage contribution of Main Prey Items to the diet of the Peregrine Falcon
was different between the two periods of time (! 2 = 78.21, d.f. = 7, P < 0.0001; Fig.
5.4). These differences were mainly the result of a decrease in Silver Gulls (7.5% of
total diet in 1991-92 v. 0.2% in 2002-03; ! 2 = 35.25, d.f. = 1, P < 0.0001) and
Common Starlings (36.1 v. 23.2%; ! 2 = 19.15, d.f. = 1, P < 0.0001), as well as an
increase in the number of Other Birds (20.5 v. 33.6%; ! 2 = 20.52, d.f. = 1, P <
0.0001).
Peregrines took fewer exotic birds, especially Common Starlings, and increased
numbers of native species (Fig 5.4, Appendix 4, Tables 5.1 and 5.2). Though the
2002-'03 sample was only slightly larger than the 1992-92 sample (521 v. 454 items),
more than double the number of native birds species (53 v. 24) were recorded. There
were also more species of exotic birds, mammals, and insects, but the numbers were
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Fig. 5.4. Comparative contribution of the Main Prey Items to the diet of the Peregrine
Falcon in the Canberra Region, 1991-92 and 2002-03.

small. Considering all groups, there were double the number of species taken in the
2002-03 sample compared with the 1991-92 sample, 63 species compared with 28
(Table 5.1). Peregrines caught 37 bird species in 2002-'03 that were not found in the
1991-'92 samples, but only 8 bird species in 1991-'92 not found in the 2002-'03
samples (Table 5.2).
By family, there was a considerable decrease in Laridae (Silver Gulls) and
Sturnidae (Starlings) in 2002-'03, and an increase in Cacatuidae (mainly Gang-gangs
and Galahs). The Columbidae (doves) and Meliphagidae also showed small increases
(around 3% each). The Psittacidae (small parrots) showed a small decrease (around

99
_____________________________________________________________________
3%). The diet of the Peregrines was more diverse in the recent survey (H’91-92 = 0.99
v. H’02-03 = 1.25).
As with Peregrine Falcons, measures of the Main Prey showed that the diet of the
Australian Hobbies differed in the two periods (! 2 = 31.68, d.f. = 8, P < 0.0001; Fig
5.5). There was a decrease in the number of Common Starlings taken since the
previous survey (32.6 v. 15.1%; !2 = 7.71, d.f. = 1, P < 0.0055) coupled with an
increase in Other Birds (12.6% v. 41.9%; ! 2 = 19.21, d.f. = 1, P < 0.0001) (Fig 5.5).
Like Peregrines, they decreased the proportion of exotics, mainly Common Starlings,
and increased the numbers of native species (Table 5.1, Appendix 4). Nine more
species, and five (50%) more species of native birds, were taken in the 2002-03
period. All other categories showed no significant changes. Though there was a
slightly smaller sample size in the 2002-04 period, Hobbies took 16 species in the
2002-04 period that they did not take in the 1991-92 period, but they took only 8
species in the 1991-92 period they did not take in 2002-'03 (Table 5.2). The diet of the
Hobbies was also more diverse in 2002-2003 (H’ = 1.31) than in 1991-1992 (H’ =
1.02).

Prey Size and Biomass contribution
For Peregrines, the biomass figures were in close agreement with the trends
observed in the number of items. There were noticeable decreases (> 5%) in the
biomass contribution of Silver Gulls (12.1% in 91-92 v. 0.3% in 02-03) and Common
Starlings (14.4 v. 8.7%). The only species that showed an important increase was
Galahs (27.6 v. 32.9%) (Appendix 4). Biomass figures for Australian Hobbies were
also in close agreement with the findings of the contribution by number. There was
an important decrease in the biomass contribution of Common Starlings (51.4% in
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Fig. 5.5. Comparative contribution of the Main Prey Items to the diet of the Australian Hobby in
the Canberra Region, 1991-92 and 2002-03.

91-92 v. 23.8% in 02-03), as well as Crimson Rosellas (20.8 v. 3.5%). Two species
showed marked increases in their biomass contributions: Eastern Rosella (7.0 v.
19.0%) and Noisy Miner Manorina melanocephala (0 vs 10.9%; Appendix 4).
The GMPW and GMSW for avian prey were different for the two falcons (Table
5.3). The Hobbies captured avian prey that was 33-40% the size of that taken by
Peregrines. When all prey was considered, including insects, the Hobbies captured
animals that were between 16 and 17% the size of that taken by Peregrines.
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There were no significant differences in prey size (GMPW and GMSW) between
the two time periods for both falcon species in both avian and all prey (T-test; all p >
0.05).
Table 5.3. Geometric Mean of Prey Weights (GMPW), Prey Species Weights
(GMSW) and percentage of large and small prey taken by Peregrine Falcons and
Australian Hobbies near Canberra. Data are presented as Mean ± SE

Peregrine Falcon
1991-1992 2002-2003

Australian Hobby
1991-1992
2002-2003

All prey
GMPW
GMSW

140.1 ± 1.0
119.6 ± 1.3

132.1 ± 1.0
82.6 ± 1.2

22.1 ± 1.2
18.3 ± 1.4

21.9 ± 1.2
17.7 ± 1.3

% Items
Large Prey
Small prey

40.7
59.3

46.3
53.7

45.3
54.7

34.9
65.1

140.3 ± 1.0
120.2 ± 1.2

143.2 ± 1.0
102.3 ± 1.2

55.8 ± 1.0
43.0 ± 1.3

46.84 ± 1.0
41.8 ± 1.2

40.6
59.4

47.1
52.9

64.2
35.8

45.5
54.5

Avian prey
GMPW
GMSW
% Items
Large Prey
Small prey

Measures of Bird Prey Abundance
Some changes in the falcon diets from 1991-92 to 2002-03 were reflected in data from
Canberra Ornithologists Group Garden Bird Surveys (Figure 5.6), particularly the
decline in Common Starlings and Silver Gulls as prey (Figs 5.4-5.6). Rock Doves,
Crested Pigeons, Galahs, and Gang-Gangs increased as Peregrine prey, and in the
COG surveys. However, Crimson Rosellas in the COG data tended to increase and
Eastern Rosella numbers remained relatively stable, but both rosella species were
relatively stable in the Peregrine diet.
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When the relative abundances of the prey species were considered, Peregrine
Falcons positively selected Silver Gulls, Rock Doves, Galahs, Eastern Rosellas and

Red-rumped Parrots in both time periods and tended to avoid Crested Pigeons,
Fig. 5.6. Relative Abundances of nine species of birds living in the Canberra area between 1991
and 2003 (based on Veerman 2003 and COG 2003, 2005).

Australian Magpies, House Sparrows and Common Mynas. Only the Crimson Rosella
was taken in proportion to its availability. There was a shift in the selection patterns
of Gang-gang Cockatoos, which were positively selected in 2002-2003 (Table 5.4).
Hobbies negatively selected large prey species, and positively captured most small
ones. The only exception was the Common Myna, which was negatively selected in
both time periods (Table 5.4).
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Table 5.4. Dietary selectivity of Peregrine Falcons and Australian Hobbies near Canberra, based
on the Foraging Ratio (F). The selectivity was: negative (-, F ! 0.7), proportional ( 0, F 0.7 < F <
1.3) and positive (+, F " 1.3). Scientific name as in Appendix 4.

Silver Gull
Rock Dove
Crested Pigeon
Gang-gang Cockatoo
Galah
Budgerigar
Crimson Rosella
Eastern Rosella
Red-rumped Parrot
Australian Magpie
House Sparrow
Common Myna
Common Starling

Peregrine Falcon
1991-1992 2002-2003
+
+
+
+
+
+
+
+
0
0
+
+
+
+
+
+

Australian Hobby
1991-1992 2002-2003
+
+
+
+
+
+
0
+
+
+

5.3.3. Case Study 3: Neighbouring pairs of large eagles
Though Sea Eagles and Wedge-tails nests were close, there were few interspecific
interactions, and the times we observed foraging, the Sea Eagles tended to hunt close
to the shore while the Wedge-tails tended to hunt away from the shore. This was
reflected in prey items. By number Sea Eagles took 6.0% mammals while Wedge-tails
took 60.2% mammals, particularly Eastern Grey Kangaroo (21.2 % by number and
42.7 % by biomass, n=25). Sea Eagles took no macropods, and only 3.4% European
Rabbit (n=4) compared to 16.1% rabbit for Wedge-tails (n=19). Both eagles took
birds, but Sea Eagles took more aquatic species like cormorants, grebes, and ducks
while Wedge-tails took more terrestrial species like rosellas, kookaburras, ravens,
choughs, and starlings. Wedge-tails took the grazing Wood Duck (6.8 % of items and
2.3 % biomass, n=8), but no other ducks or aquatic species. Only Sea Eagles took
fish (36.2 % of items and 54.5 % biomass, n=42) and crustaceans (n=1). Though
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both species took reptiles, there was no overlap in the reptile species taken, Sea
Eagles took the aquatic Long-necked Turtle (n=6) and Eastern Water Dragons (n=4),
while the Wedge-tails took terrestrial species like skinks (Appendix 5).
Food Niche Breadth was very similar for the two species, with values of 0.41 and
0.40 for Wedge-tails and Sea Eagles respectively. Wedge-tails captured significantly
larger prey, as indicated by the GMPW (A. audax= 2 195 g, H. leucogaster= 763 g;
t=-225.1 d.f.=232 p < 0.0001).
When comparing species, the diet was very different between the species inside the
clusters, but also very uniform within the species across the clusters (Figure 5.7). The
food overlap of neighbouring pairs was low, the 3 clusters yielded overlaps of 23.3,
21.8 and 15.8 % and an overall overlap of 24.8 % when the data of all clusters were
pooled.

Figure 5.7. Comparative Diet of Wedge-tailed Eagles (WTE) and White-bellied Sea Eagles
(WBSE) at three clusters located near Canberra.
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5.4. Discussion

5.4.1. Case Study 1: Wedge-tailed Eagle Diet: 1964 vs 2000s
The diet of the Wedge-tailed Eagle near Canberra in 2002-03 was similar to other
diets previously reported (Marchant and Higgins 1993). Rabbit, Macropods and Birds
were the most common prey items, similar to what was found on the dry coast of
Western Australia (Brooker and Ridpath 1980) or north-west NSW (Leopold and
Wolfe 1970).
Despite this similarity, the diet of the eagles significantly changed to what was
found in the 1960s. The concept of “prey switching” was introduced by Murdoch and
Oaten (1975) and Murdoch (1969) and has already been explored in Wedge-tailed
Eagles (Sharp et al. 2002a). Predators select and consume more abundant prey at
disproportionately higher levels than less abundant prey. However, a decline in
numbers and proportions of the original prey can result in a functional response by the
predator to proportionally increased abundance of a secondary prey. Thus, changes
on the diet of the Wedge-tailed Eagle could be a response to changes in the prey
populations.
There is some evidence of a decline in the abundance of rabbits near Canberra
since the 1970s (Fletcher and Environment ACT, unpublished data), as well as
dramatic increase in the number of Eastern Grey Kangaroos inside the city (Reardon
2003) and in non-urban reserves such as Namadgi National Park or Googoong
Foreshores (Fletcher 2003; Fletcher and Environment ACT, unpublished data). The
same applies to several ground-feeding birds that are important as eagle prey: Galahs,
Sulphur-crested Cockatoos, Ravens and Magpies have all shown increases in the last
21 years (Veerman 2003). All these fluctuations in prey populations fit with a pattern
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of prey switching by the local Wedge-tailed eagles, who have adjusted their foraging
in accord to changes in its prey populations.
Leopold and Wolfe (1970) reported a diet dominated by rabbits (43.8 %), a pattern
observed in most diet studies (Marchant and Higgins 1993), and it is widely believed
that the Wedge-tailed eagle breeding success is linked with rabbit abundance. Most
studies have taken place on arid areas however, and the role of alternative prey has
been underestimated. Near Canberra, higher average rainfall and a mosaic of
different habitats, among other things, make the region less prone to extreme
fluctuations on prey populations. Furthermore, the local wedge-tails have a very
broad prey base, a crucial trait in order to minimize decreases in reproductive success
produced by a decrease in the abundance of a particular prey (Brooker and Ridpath
1980). It is likely then, that as long as they have alternative prey available, the eagles
will be able to cope with the decrease in any particular prey, such as the rabbit.
This apparent stability and the high density and productivity (Fuentes et al. 2003)
of the Canberra eagles gains further importance considering the decreases observed as
a result of the introduction of the RCD virus (Sharp et al. 2002a). As long as the
current high levels of alternative prey are available for the eagles, it is likely that the
population will be able to cope with further decreases in rabbit populations, just as it
has done it so far, and it could become a source of juveniles for declining populations.

5.4.2. Case Study 2: Variation in avian prey for two local falcons after 10 years
Overall the diets were similar to those previously reported for Peregrines in
Australia (Pruett-Jones et al. 1981; Olsen 1992; Marchant and Higgins 1993; Olsen et
al. 1993; Rose 2001; Olsen and Tucker 2003; Olsen et al. 2004) and Hobbies
(Czechura and Debus 1986; Debus et al. 1991; Marchant and Higgins 1993, Debus
1998, Aumann 2001b). Avian prey size (based on GMPW and GMSW) of Hobbies
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was about one-third that of Peregrines, reflecting the difference in the two falcons’
weight, with local Hobbies about 33% the weight of their Peregrine counterparts.
This was not the case for all prey; because Hobbies caught large numbers of insects,
these values for GMPW and GMSW were about 16.5% and 18% the size of Peregrine
prey.
Both falcons appeared to have a more diverse diet in the latter period when
Common Starlings were less abundant. They took small numbers of a large number of
native species to compensate. Both falcons took more species in the 2002-'03 period
but the main change was in the category of Native Birds (Table 5.1), so, in the second
time period, Peregrines took more than 100% more bird species and Hobbies took
50% more bird species. The decline in the number of Common Starlings as falcon
prey, and switch to native species may be a functional response to the decline of this
exotic species, and relative abundance of similar-sized native species (Other Bird
Items) in the area,

indicating prey switching (Murdoch 1969). For Peregrines, this may also be the case
with increasing Galahs, Rock Doves and Gang-gangs in the diet as Silver Gulls and
Common Starlings declined.
Despite this lack of significance in terms of prey size between the two periods
there were some interesting patterns. With the reduction of Common Starlings in the
latter period, Peregrines caught more species and many of these were smaller, giving a
somewhat smaller GMPW and GMSW for all prey species. However, they only
captured a few items of the small species, and captured more individuals from a few
species of large birds (like Galahs, see biomass contribution above), off-setting this
difference and giving them a slightly larger GMPW for birds in 2002-03 (Table 5.3).
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That is, Peregrines seem to have adjusted to the decrease in Common Starlings in the
latter period by capturing a larger number of small species, which decreased the
overall prey size, but offset this with more items from a few larger species, like Rock
Doves, Galahs, and Gang-Gangs.
Veerman (2003) related the decline in Common Starlings over the last 13 years in
the Australian Capital Territory to loss of foraging habitat, and an explosion in the
population of Common Mynas (Fig. 5.6) which displaced Common Starlings. In our
larger study of the diets of raptors near Canberra (Fuentes, Olsen and Rose
unpublished data) we found no evidence that Peregrines or Hobbies took Common
Mynas, apparently because Mynas forage near cover and were too agile, or yet to be
discovered as prey. Brown Goshawks and Collared Sparrowhawks occasionally took
Common Mynas. Consequently, a species that Hobbies and Peregrines could catch,
Common Starlings, was displaced by a species they could or would not catch,
Common Mynas, which may have forced Hobbies and Peregrines to compensate by
turning to more native species. Mark Clayton (pers. comm.) has also related the fall in
Common Starling numbers to the extended drought in the Southern Tablelands.
Peregrines and Hobbies are almost exclusively bird-catchers, and these pairs
tended to take some of the most abundant species in the Canberra area (Appendix 4,
Table 5.4). However, some species were specifically selected more than others.
Peregrines regularly took some large species, but Hobbies in this study took none of
them. Galahs, Magpies, and Silver Gulls weigh more than Hobbies, are over the 200 g
threshold suggested by Debus (1998), can fight back, and are potentially dangerous
for smaller raptors to capture. Common Starlings, Eastern Rosellas, and Red-rumped
Parrots tend to forage in the open in flocks and were specifically targeted by both
falcons. Likewise, House Sparrows in the COG surveys were the second most
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abundant species in 1991-92 and the seventh most abundant species in 2002-03 (COG
2003, 2005), and Hobbies in this study positively selected them, but Peregrines did
not. Peregrine prey is well studied in Australia, but no analysis of prey items shows
them taking House Sparrows (see reviews in Marchant and Higgins 1993) and
Peregrines have not taken them in our long-term monitoring (1990-2004, n=2035
prey items) of the diet of the species (Olsen and Rose unpublished data). House
Sparrows forage close to cover, but Hobbies can fly rapidly just over the tree canopy,
houses, and vegetation (Olsen pers. obs.) and surprise flocking House Sparrows
before they reach cover.

5.4.3. Case Study 3: Neighbouring pairs of large eagles
In general, the diet of the Wedge-tailed Eagle was similar to those previously
reported (Leopold and Wolfe 1970; Brooker and Ridpath 1980; Marchant and Higgins
1993; Aumann 2001; Fuentes et al. 2003), with mammals dominating the diet (mostly
through rabbits and macropods) and also ground-feeding birds. The diet of the Sea
Eagles is harder to compare. There are no accounts for inland pairs and the only
detailed study (Smith 1985) showed an overall similarity in the major taxa consumed,
though the eagles in this study took less fish and more birds.
Studies of this sort, that explore diet overlap at the local scale, are scarce. Nilsson
(1984) found that neighbouring Long-eared Asio otus and Tawny Strix aluco owls had
lower dietary overlap than non-neighbouring ones. Both Nilsson (1984) and
Korpimaki (1987) showed that the presence of competitor species at the local scale
affects the reproductive success. In the present study, Wedge-tails and Sea Eagles
appeared to minimize the dietary overlap and interspecific interactions, allowing them
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to coexist close to each other. Further studies could explore potential effects of
potential competitors not only on the diet, but on the reproductive success.
Sea Eagles did not take the large macropods that neighbouring A. audax took
perhaps because the latter hunts in pairs and kills large macropods that a single eagle
could not kill (Fuentes and Olsen unpublished). Sea Eagles are not known to hunt in
pairs. Both species eat macropods as carrion (Marchant and Higgins 1993) and it is
possible that Wedge-tails kept Sea Eagles from kangaroo carcasses, and that Sea
Eagles will eat more kangaroo carrion when not constrained by Wedge-tails.
Though Wedge-tails have a generalist diet, these pairs took very few aquatic
species compared to the Sea Eagles, despite their proximity to water. It is unlikely that
Sea Eagles necessarily excluded Wedge-tails from hunting near the shore as the diet
in these five Wedge-tail territories located near water was representative of species’
diet in the Canberra area where no Sea Eagles breed (Fuentes et al. 2003; Fuentes,
Olsen and Rose unpubl.). However we cannot speculate about the effect of Wedgetails on Sea eagle diet because there is so little data on the food habits of the latter,
and no confirmed studies away from Wedge-tail territories. In the Solomon Islands,
the White-bellied Sea Eagles (Sanford's Eagle), in the absence of other large eagle
species, was said by locals to kill dogs, cats, poultry, but especially possums. Locals
said they hunted these in the canopy, and ate them as carrion. Olsen saw these eagles
in mountain forest clearings away from water, and the only prey he observed them
eating was possum (Olsen 1997). Bald Eagles H. leucogaster in the Aleutian Islands
away from nesting Golden Eagles Aquila chrysaetos took, by number, 23.3%
mammals, 60.9% birds, and 15.1% fish, (Sherrod et al. 1977) a larger proportion of
birds and mammals compared to fish than recorded for Bald Eagles in most studies
(Johnsgard 1990). The White-bellied Sea Eagles have a larger world range than Bald
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Eagles, trans-equatorial, across Wallace's Line, and are the only large eagle breeding
in many areas. Their diet may vary considerably and, though WBSE did not specialise
on mammals in this study, they may specialise in marine, aquatic, arboreal, or flying
mammals like fruit bats (Marchant and Higgins 1993) in other parts of their range.

5.5. Conclusions
The first two case studies provided interesting examples of prey switching. First,
Wedge-tailed Eagles shifted from a rabbit-dominated diet to a diverse diet based on
kangaroo, rabbit and birds. In order to adjust to the decrease in rabbits, eagles shifted
mostly to another prey species, the Eastern Grey Kangaroo. In contrast, the two bird
eating falcons adjusted to the decrease of their main prey, Starlings, not by shifting to
one alternative prey species, but by taking small numbers of several of alternative
prey types, mainly native birds. In the last case study, two sympatric eagles living in
close proximity seemed to use a coexistence mechanism based on decreasing the
dietary overlap, pointing out the importance of designs that study interactions at the
local scale in order to properly explore trophic relationships between species.
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SYNTHESIS

The raptor community of the Canberra Region was very diverse in tenns of breeding
residents, similar to the studies of Baker-Gabb (1984a; I984b) and Aumann (2001 a,
200lb, 2oolc, 200Id). Tbe assemblage had high productivity overall and a very
diverse diet, contrasting with similar assemblages described by Baker-Gabb (1984a)
or Marti and oolleagues (1993a).

In some of these projects (i.e. Baker-Gabb 2984a), the raptors had diets dominate by
one or few species. Brooker and Ridpath (1980) pointed out the importance ofa
broad prey base in the diet of the Wedge.tailed Eagle. They argue that a broad prey
base protects the predator against fluctuations on the abundance of a single prey, thus
diminishing the negative impacts this fluctuations may have on the reproductive
success. This argument also applies to other raplors, bringing out the importance of
the low overlap and the broad prey base observed in the Canberra community. As
long as this prey base is available, raptors are likely to keep thriving, unless affected
in another axis of the community structure, such as habitat.

There is also consetVation value in the existence of this prey base. Raptors have often
been described as a good indicator or 'umbrella' species since they are top predators
with large home ranges, are easy to monitor, and have high appeal with humans
(Newton 1990). Recent changes in the ecology and behaviour of some species have
challenged this notion, since now there are more species that thrive in disturbed
habitats (Bird e/ at. 1990). Species used to disturbed conditions and whose diet is
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based on exotic pests or urban animals have no value as indicators. However, when
. ;~~-fi~~mmunity where all the species show high diversity on prey selection and
-high number of native prey. it is likely that the areas where these raptors are living
have higher conservation value.

As shown in Chapter 5, the trophic relationships of raptors are a dynamic process,
both in space - neighbouring pairs vs. regional- and time - falcons and eagles
changing diets over time. The same dynamic patterns have been shown by Marti and
colleagues (I 993a). The present study provided a snapshot in time on the ecology of
the local raptor community, but in order to completely understand the dynamics on
the community structure, long teon monitoring is needed. Further changes to the
region, such as the upcoming urban developments (ACTPLA 2005) are likely to
affect the dynamics even further. Improvement in some areas such as non-breeding
season and post-fledging ecology is necessary, since this aspects leave gaps in our
understanding of how this raptors work.

,
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Appendix I. Anrage mass per item used on biomass nlcul.lions on the diet of different upton
near Canberra.
Biomass sources: I) Baker et al. 1997; 2) Del Hoyo et al. 1994; 3) Fuentes el 01. 2005; 4) Higgins
1999; S) Higgins and Peter 2002; 6) Higgins et 01. 2001; 7) Magrath 2003; 8) Marchant and Higgins
1993; 9) Marchant and Higgins 1990; 10) Olsen et 01. 2004; II) Olsen et al. in press; 12) Olsen and
Tucker 2(0); 13) Pringle 1987; 14) Sharp el al. 2002a; 15) Strahan 2004; 16) Strahan 1994; 17)
Weights estimated based on the prey remains collected al lhe nests; 18) J. Olsen unpublished; 19)
Average weight of animals brought to Kippax Veterinary Hospital, Holt ACf

Common Name

Scientific Name

Mass

Mass

per item

Source

(g)

MAMMALS

Tachyglo!>'sus aeu/catus

3500

Antechinus undetermined

Antechinus sp.

36.1

Conunon Dunnart

Sminthopsis murina

Soulhern-brown Bandicoot

Isoodon obesulus

775

Long-nosed Bandicoot

PerameJes nasuta

975

Ringtail Possum

Pseudocheirus peregrinus

900

Mountain Possum

Trichosurus caninus

3500

Conunon Brushtail Possum

Trichasurus vulpecula

2625

Tamar wallaby

Macropus eugenii

5000

IS
IS
IS
IS
IS
IS
IS
IS
IS

Eastern Grey Kangaroo

Macropus giganteus

34300-40000

17

14500·17500

17

Echidna

EGKjuvenile

t7

Wallaroo

Macropus robUSlus

29000

Red-necked wallaby

Macropus rufogriseus

16850

Swamp Wallaby

Wallabia bicolor

15000

IS
IS
IS

3000

17

29580

•

Swamp Wallaby juvenile
Macropods undetennined

Macropus sp.

14100

•

Nyctinomus australis

36

Bent-wing Bat

Miniopterus schreibersii

IS

Gould's Wattled Bat

Chalin%bus gouldi;

14

Eastern Broad-nosed Bat

Scolorepens orion

II

Other Bats undetermined

Order Chiroptera

19

Broad-toothed Rat

Mastacomys fuscus

122

House Mouse

Mus musculus

IS
IS
IS
IS
IS
IS
IS
IS
IS
IS

Juvnile macropods undet.
White~stripped

Freetail·Bat

8

House Mouse juvenile
Black Rat

Rattus ratlus

Vulpes vulpes

9000

3000

Red Fox juvenile
Cal

280
95

Black Rat juvenile
Red Fox

17

Felis caws

14
14

4200
IS
(continued overleaf)
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Common Name

Scientific Name

Mass

Mass

pel'" item

Source

(g)

European Rabbit

Oryctolagus cuniculus

European Rabbit juvenile

1500-2200

17

400-900

17
15

Brown hate

Lepus capensis

4000

Ho""

Equus cabal/us

carrion

Sheep

Ovis aries

50000

14

15000

14

lamb
Cattle

Bos taurus

carrion

BIRDS
Stubble Quail

Columix pectoralis

105

8

Rhode Is. Domeslic Fowl

Gallus gallus

925

Painted Button-quail

Turnix varia

93

8
8

Linle Black Cormorant

Pholacrocorax sulcirostris

9

Hoary-Headed Grebe

Poliocephalus poliocephaius

865
240

Australasian Grebe

Tachybaptus novaeholJandiae

165

9

Pacific Black Duck

Anas superciliosa

1070

9

Grey Teal

Anas gracilis

504

9

Australian Wood Duck

Chenonetta jubata

800

9

Freckled Duck

Stictonelta naevosa

910

9

Buff-banded Rail

Ga/lira//us philippensis

9

Purple Swamphen

Porphyrio porphyria

180
795

Eurasian Cool

Fulica atra

545

Cattle Egret

Ardea ibis

365

8
9

Little Egret

Egretta ganella

300

9

Undetennined egret

Fam. Ardeidae

333

•

Rufous Nigth Heron

Nycticorax caledonicus

Straw-necked Ibis

Threskiornis spinicollis

800
1300

9
9

Ibis undetermined

Fam. Threskiornithidae

1217

Masked Lapwing

Vanellus miles

325

9
8

Lesser Golden Plover

Pluvialis fulva

148

8

Silver Gull

Larus nowJehollandiae

333

13

Whiskered Tern

Chlidonias hybridus

90

13

Gull-billed Tern

Sterna nilotica

13

Brown Goshawk

Accipiterfasciatus

230
440

Peregrine Falcon

Falco peregrinus

745

8
8

Australian Hobby

Falco longipennis

Brown Falcon

Falco berigora

250
553

8
8

9

8

(continued overleaf)
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Common Name

Scientific Name

Mass

Mass

per item

Source

(g)

Nankeen Kestrel

Falco cenchroides

175

8

Rock Dove

Columba livia

308

12

290

18

Rock Dove juvenile
Peaceful Dove

Geopelia placida

53

2

Bar-shouldered Dove

Geopelia humeralis

130

2

Common Bronzewing

Phaps chaleop/era

333

2

Brush Bronzewing

Phaps deguns

204

2

Crested Pigeon

Ocyphaps Jophotes

200

2

150

2

Crested Pigeon juvenile
Yellow-tailed Black Cockatoo

CalYPlorhynchus fimereus

729

4

Gang-gang

Ca/locephalon fimbriatum

250

4

Galah

Cacatua roseicapilla

335

12

Little Corella

Cacatua sanguinea

540

4

Sulphur-crested Cockatoo

Cacatua galerita

804

12

Musk Lorikeet

Glossopsitta concinna

70

4

Little Lorikeet

Glossopsitta pusi/la

40

4

King Parrot

Alislerus scapularis

243

4

Princess parrot

Po/y/elis alexandrae

105

4

Budgerigar

Me/opsittacus undu/orus

30

4

Swift Parrot

Lathamus disc%r

65

4

Crimson Rosella

Platycercus elegans

130

12

119

4

105

4

100

4

Crimson Rosella juvenile
Eastern Rosella

Platycercus e.x;imius

Eastern Rosella juvenile
Rosella undetermined

Rosella sp.

118

•

Australian Ringneck

Bamardius zonarius

166

4

Red-romped parrot

Psephotus haematonotus

63

4

Blue Bonnet

Northiela haematogaster

85

4

Parrot undetermined

Order Psittaciformes

113-349

•

Pallid Cuckoo

Cuculus pallidus

83

4

Fan-tailed Cuckoo

Cacomantis flabelliformis

50

4

Black eared Cuckoo

Chalcites osculans

30

4

Horsefield's Bronze Cuckoo

Cllalcites basalis

23

4

Southern Boooook

Ninox novaeseelandiae

283

4

202

18

315

4

116

4

Southern Boobook juvenile
Tawny Frogmouth

Podargus slrigoides

White throated needletail

Hirundapus caudacutus

(continued overleaf)
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Common Name

Scientific Name

Mass

M...

per item

Source

(g)

Laughing Kookaburra

DacelQ novaeguineae

345

4

Sacred Kingfisher

Todiramphus sane/us

40

4

Dollarbird

Eurystomus orjentalis

134

4

Superb Fairy-wren

Malurus cynaeus

II

6

Wren undetermined

Malurus sp.

9

6

Spotted Pardalote

Pard%tus punctatus

9

5

Striated Pardalote

Pardalotus slrialus

12

5

Yellow-rumped Thornbill

Acanrhiza iredale;

9

5

Thornhill undetermined

Acanthiza sp.

7

4

Red Wattlebird

Antochaera canmculata

III

Little Wattlebird

Anthochaera chrysoptera

68

6
6

Noisy Friarbird

Philemon corniculatus

Noisy Miner

Manorina melanocephala

109
75

6
6

Yellow-faced Honeyeatcr

Lichenostomus chrysops

17

6

White-eared Honeyeater

Lichenostomus leueolis

22

6

Fuscous Honeyeater

Lichenostomlls fuscus

6

White-naped Honeyeater

Melithreptus lunatus

16
14

Eastern Spinehill

Acanthorhynchus lenuiroslris

11

6

Scarlet Honeyeater

Myzomela erythrocephala

8

6

Honeyealer undelennined

Fam. Meliphagidae

15

6

White-browed Babbler

Pomatostomus superciliosus

40

5

Rose Robin

Petroica rosea

8

Flame Robin

Petroica phoenicea

13

5
5

Scarlet Robin

Petroica mullicolor

13

5

Red-capped robin

Petmica goodenovii

9

5

Eastern Yellow Robin

Eopsallria australis

5

Robin undetennined

Faro. Petroicidae

20
25

Golden Whistler

Pachycephala pecloralis

25

Rufous Whistler

Pachycephala rufiventris

25

5
5

Grey Fantail

Rhipidura fuliginosa

Leaden Flycatcher

Myiagra rubecula

8
20

10

Magpie-lark

Grallina cyanoleuca

90

10

70

19
18
16

Magpie-lark juvenile
Olive backed oriole

Oriolus sagittatus

100

Black-faced Cuckoo-shrike

Coracina novaehollandiae

105

White-bellied Cuckoo-shrike

Coracina papuensis

Masked Woodswallow

Artamus personalus

70
38

6

5

10

16
14

(continued overleaf)
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Common Name

Scientific Name

Mass

Mass

per item

Source

(g)

While-browed Woodswallow

Artamus superciliosus

35

10

Dusky Woodswallow

Artamus cyanopterus

39

10

Woodswallows undet.

Faro. Artamidae

37

10

Grey Butcherbird

Craticus IOrquatw;

350

10

Australian Magpie

Gymnorhina tibicen

329

10

198

19

Magpie juvenile

Pied Currawong

Srrepera graculina

270

10

Grey Currawong

Strepera versicolor

300

18

Currawong undetermined

Slrepera sp.

285

Australian Raven

Corvus coronoides

645

10

500

17

541

10

593-630

541

•
•

334

10

Australian Ravenjuvenile
Little Raven

Corvus mellor;

Raven undetermined

Corvus sp.

Raven juvenile undet.

White-winged chough

Corcorax melanorhamphos

Welcome Swallow

Hirondo neoxena

15

16

Tree Martin

Hirundo nigricans

14

16

Brown Songlark

Cincloramphus cruralis

54

7

House sparrow

Passer domesticus

27

Sparrows undetermined

Passersp.

25

•

European Goldfmch

Carduelis carduelis

22

17

Double-barred fmch

Taeniopygia bichenovii

20

10

Undetennined finch

Faro. Fringillidae

25

•

Red-browed f!retail

Neochmia ruficauda

11

17

Diamond Firetail

Stagonopleura gutfata

15

17

Silvereye

Zosterops lateralis

10

10

Bassian Thrush

Zoothera lunulata

105

10

Blackbird

Turdus merula

95

18

Conunon Starling

Srurnus vulgaris

75

12

60

17

80

17

Starling juvenile
Common Myna

Acridotheres lristis

Small passerine undet.

Order Passerifonnes

Other Birds undetennined

•
•
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Common Name

Scientific Name

Mass

Mass

per item

Source

(g)

REPTILES
Jacky Lizard

AmphibolofUS mun·caJus

30

17

Small Dragon Lizard undet.

AmphiboJorus sp.

30

17

Eastern Water Dragon

Physignatus lesueurii

370

17

Bearded Dragon

Pogona barbalo

340

14

Dragon undetennined

Fam.. Agamidae

•

Eastern blue-tongued lizard

nfiqua sc;ncoides

400

14

Blue-longued lizard undet.

TiliqUQ sp.

400

Shingleback

Trochydosaurus rugosus

590

14
14

Stripped Skink

Ctellotus Tabustus

Cunningham Skink

Egemia cunningham;

20
20

Skink undetennined

Fam. Scincidae

Eastern Brown Snake

Pseudonaja textilis

300

Red-bellied Black Snake

Pseudechis porphyriacus

300

3
17

Small-eyed Snake

Rhinoplocephalus nigrescens

300

17

Small snake undetennined

Suborder Serpentes

Long-necked Turtle

Chelodina longicollis

677

17

Golden Perch

Macquaria ambigua

1000

17

Redfin

Perea fluviarilis

550

17

e.",

Cyprinus carpio

2500

17

17
3

•

•

FISH

•

Fish undetermined

MOLLUSCS
Little Basket Shell

Corbicula australis

10

17

Garden Snail

Helix aspersa

10

17

Water Snail

Glyptaphysa gibbosa

10

17

Cheraxsp.

50

17

Huntsman Spider

ISQpeda sp.

3

17

Wolf Spider

Fam. Lycosidae

3

17

Other spiders undetermined

Order Arachnida

17

Scorpions undetermined

Fam. Scorpionidae

3
2

CRUSTACEANS
Crayfish yabbie

ARACNIDS

17
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CommOD Name

Scientifi(: Name

Mass

Mass

per item

Sourte

(gl

INSECfS
Christmas Beetle

AnopJognotnus olivieri

2

II

Christmas Beetle

Anoplognathus porosus

2

II

Christmas Beetle

Anop/ognathus viriditarsus

2

II

Christmas Beetles undetennined

Anop/ognQthus Sp.

2

II

Brown Beetle

Faro. Scarabidae

2

II

Scarab Dynastinae

Subfamily Dynastinae

2

11

Other Scarab Beetles undet.

Fam. Scarabidae

2

11

Carab Beetles

Faro. Carabidae

2

11

Copt~

Copterus tnoracicus

2

11

Longicom Beetle

Fam. Cerambycidae

2

II

Cerambycid beetle

Fam. Cerambicidae

2

II

Diamond Weevil

Chrysolopnus spectobi/is

2

II

Weevil Beetle

Fam. Curculionidae

2

II

Chrysomclid Beetle

Fam. Chrysomelidac

2

II

Diaphonia beetles

Diapnonia dorsalis

2

II

Click Beetle

Elaterid sp.

2

11

Black Beetle

Heteronychu.f aratora

2

II

F.Geotrupidae-Meionthini

Heteronyx sp.

2

II

Slag Beetle Lucanidae

Lamprisma /atrei/le

2

II

Dung Beetles

Ontopnagus australis

2

II

Passalidae Beetle

Fam. Passalidae

2

II

Longicom

Phorocanta tricuspa

2

11

Longicom

Phorocanta semipunclata

2

11

Phorocanta Beetles

Phoroconlha sp.

2

11

Repsimus beetle

Repsimus aenus

2

11

Tenebrionid Beetles

Fam. Tenebrionidae

2

11

Other Beetles undetennined

Order Coleoptera

2

11

Cicadetta

Cicadetta sp.

2

11

Cicada

Psaltoda moerens

2

11

Cicadellidae Bug

Ledromorpha planirostris

2

11

Bugs undetermined

Order Hemiptera

2

11

Bugs Heteroptera

Order Hemiptera (Heteroptera)

2

11

Ants undetermined

Order Hymenoptera

2

II

Flying ants

Order Hymenoplera

2

II

Epicoma moth

Epicoma contristis

2

11

Common Brown Butterfly

Heteronympha mcropc

Cerambycid

11
2
(continued overleaf)
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Scitntific Name

Man

Mass

per item

Source

(g)
BunerflylMoth undetermined

Order Lepidoptera

2

11

Mantids undetermined

Order Mantodea

2

II

Cockroach undetermined

Order Blattoidea

2

11

Acridae Grasshoppers

Fam. Acrididae

2

11

Mole Crickets

Order Orthoptera

2

11

Grnsshoppers undetennined

Order Orthoptera

2

11

2

11

Other Insects undetermined

• Average of all categories within the undetermined taxa. For example, if the category was Rosella
undetermined, the average weight of Crimson and Eastern Rosellas - the two potential species on that
category - in lhat particular species was considered.
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AppendiJ: 2. Number and percentage of prey items and percentage biomass of the different prey
categories taken by tweln species of caprors breflling in the Canberra region in 2002 ud 2003.

Black-Shouldered Kile

PREY SPECIES
Common Name

MAMMALS
European Rabbit (juveniles)

Scientific Name

"I.
items

2
271
69
I

0.6
76.3
19.4
0.3

I
I
I
I
4

0.3
0.3
0.3
0.3
1.1

6.9
1.6
0.1
0.3
11.8

2

0.6

3.2

0.3
0.3

0.0
0.2

100

100

#of

House Mouse

Oryctolagus cuniculus
Mus musculus

House Mouse juvenile
Black Rat

Rattus rattus

BfRDS
Sulpbur-crested Cockatoo
Crimson Rosella
Superb fairy-wren
Double·barred fInCh
Other Birds undetermined

items

Cacatua goferilQ
Platycereus eJegans
MaiuTUS cyaneU$

Taeniopygia bichenovii

%
Biomass
7.4

58.2
7.0
3.2

REPTILES
Lizard undetermined

Faro. Agamidae

INSECTS
Beetles undetermined
Grasshoppers undetennined

Order Coleoptera
Order Orthoptera

TOTAL

3SS
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Whistling Kite

Common Name

PREY SPECIES
Sc:ientific Name

# of
items

%
items

'/0
Biomass

I

2.1
4.2
2.1
2.1
4.2
4.2

3.0
6.1
IA
3.0
24.3
5.9
6.1

2.1
4.2
2.1
6.3
4.2
6.3
2.1
2.1
8.3

1.3
6.1
1.0
4.5
3.3
9.1
0.4
1.6
9.8

Egernia cunningham;
Pseudonaja textilis
Tiliqua scincoides

2.1
2.1
2.1

0.1
1.7
2.3

Perea fluvialilis

2.1
2.1

3.0
3.0

CRUSTACEANS
Crayfish

Cherax. sp.

2.1

2.1

INSECTS
Beetles undelennined
Cicada
Mole Crickets

Order Coleoptera
Pso/toda moeretU
Order Onhoptera

2.1
4.2
8.3

OA

2
4

0.1
0.2

48

'00

'00

MAMMALS
Red-necked Wallaby
Common brushtail Possum
Black Rat
Brown Hare
European Rabbit
European Rabbit juvenile
Sheep

Wallabia rufogrisea
Tricdosurus l'Ulpecula
Rattus rallus
Lepus capensis
Oryctolagus cuniculus

2
I

1
8
2
2

Ovis aries

16.7

BIRDS
Hoary-Headed Grebe
Australian Wood Duck
Buff-banded Rail
Rock Dove
Galah
Sulphur-crested Cockatoo
Noisy Miner
Australian Magpie
Other Birds undelennined

PoJiocephalus poJiocephaJus
ChenonettojubalQ
GalliralJus philippensis
Columba liviD
CocatuD roseicapilla
Ctu:alua go/erilD
Manorino meJanocephafa
Gymnorhina tibicen

1
2
1
3
2
3
1
1
4

REPTILES
Cunningham's Skink
Eastern Brown Snake
Eastern blue-tongued lizard

FISH
Redfin
Other fish undetennined

I

TOTAL
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White-be/lied Sea Eagle

Common Name

PREY SPECIES
Scientific Name

MAMMALS
European Rabbit

# of
items

'I.
items

%
Biomas5

Oryctolagus cuniculus

4

6.7

7.5

Tachybaptus novaehollandiae
Anas superciliosa
Chenonetta jubalQ
Stictonetta naevosa

I

1

1.7
8.3
23.3
3.3
5.0
1.7
1.7
3.3
3.3
1.7
1.7

0.5
9.3
26.1
3.7
4.9
0.9
1.0
2.0
1.8
1.0
1.9

Physignathus lesueurii
Che/odina longico/lis

3
5

5.0
8.3

3.9
9.3

Macquaria ambigua
Cyprinus carpio

3
9
2

5.0
15.0
3.3

5.6
16.8
3.7

1.7

0.2

100

100

BIRDS
Australasian Grebe

PacifIC Black Duck
Australian Wood Duck
Freckled Duck
Eurasian Coot
Little Egret
Masked Lapwing
Galah
Pied Currawong
White--winged Cbough
Other birds undetermined

Fuliea otra
Egretta gonetla

5
14
2
3
I

Vanellus miles
Cocatuo roseicapi/lus
Strepera graeulina
Corcorax melanorhamphos

2
2
I

1

REPTILES
Eastern Water Dragon
Long-necked Turtle

FISH
Golden Perch

C"'"

Other Fish undetennined

CRUSTACEANS
Crayfish

Cherax sp.
TOTAL

60
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Brown Goshawk

Common Name

PREY SPECIES
Scientific Name

#of

%

items

%
items

Biomass

3
16
2

1.14
6.08
0.76

7.6
38.2
0.2

1
7
5
7
2
2
1
1
1
3
6
7
1
1
4

0.38
2.66
1.90
2.66
0.76

2
2
3
6
1
1
14

0.76
0.76
0.76
1.14
2.28
0.38
0.38
5.32

0.9
4.1
2.7
3.3
0.9
0.6
1.3
1.3
1.3
1.8
0.3
0.4
0.5
0.4
1.4
0.9
0.1
2.8
0.2
2.2
0.3
0.4
15.6

MAMMALS
European Rabbit
European Rabbit juvenile
House Mouse
BIRDS
Crested Pigeon
Crimson Rosella
Crimson Rosella juvenile
Eastern Rosella
Eastern Rosella juvenile
Red-romped parrot
Parrots undetermined
Southern Boobook
Tawny Frogmouth
Dollarbird
Superb Fairy-wren
Striated Pardalote
Red Wattlebird
Mapie-Iark
Magpie-Iarkjuvenile

Black-faced Cuckoo-shrike
Robin undetennined
Grey Butcherbird
Red-browed firerail
Striated Pardalote
Starling juvenile
Common Myna
Other Birds undetennined

Oryctolagus cuniculus
Mus musculus

Ocyphaps lopkotes
Platycercus elegans
Platycercus eximius

Psephotus haematonotus
Order Psittaciformes
Ninox novaeseelandiae
Podargus strigoides
Euryslomus orientalis
Malurus cyaneus
Pardalo/us strialus
Antockaera carunculata
Grallina cyanoJeuca
Coracina novaekollandiae
Fam. Petroicidae
Craticus torquatus
Neochmia ruficauda
Sturnus vugaris
Acridotheres tristis

2

0.76
0.38
0.38
0.38
1.14
2.28
2.66
0.38
0.38

1.52

REPTILES
Jacky Lizard
Dragon Lizard undetennined
Skink undetennined

Amphibolorns muricatus
Fam. Agamidae
Fam. Scincidae

1
7
11

0.38
2.66
4.18

0.1
0.7
0.5

INSECTS
Crysomelid Beetles
Christmas Beetle
Other Christmas Beetles unde!.
Scarab Beetles
Scarab Beetle undetennined
Stag Beetle Lucanidae
Other Beetles undetennined
Cicada
Moth undetennined
Grasshopper

Fam. Chrysomelidae
Anoplognathus viridj(arsus
Anoplognathus sp.
Diaphonia dorsalis
Fam. Scarabidae
Lamprima latreille
Order Coleoptera
Psaltoda moeren.s
Order Lepidoptera
Fam. Acrididae

4
18
16
3
1
3
20
70
1
7

1.52
6.84
6.08
1.14
0.38
1.14
7.60
26.62
0.38
2.66

0.0
0.4
0.5
0.1
0.1
0.2
1.4
5.7
0.1
0.7

263

100

100

TOTAL
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Collared Spu"owhawk

Common Name

PREY SPECIES
Scientific Name

BIRDS
Crested Pigeon
Crimson Rosella
Crimson Rosella juvenile
Eastern Rosella
Superb Fairy-wren
Red Wattlebird
Noisy Friarbird
Fuscous Honeyeater
White-browed Babbler
Eastern Spinebill
Flame Robin
Grey Fantail
Brown Songlark
House sparrow
Sparrows undetennined
Goldfinch
Diamond Firetail
Blackbird
Common Starling
Other birds undetennined

Ocyphaps lophotes
Platycercus eximius

4
5

Platycercus elegons

6
2
3

I

MaluTUs cynaeus
Antochaera carunculala
Philemon corniculatus
Lichenostomus fuscus
Pomalos/omus superciliosus
Acanthorhynchus tenuirOSfris
Petroico phoenicea
Rhipidurafuliginosa
Cincloramphus crura/is
Passer domeslicus

I
I

2
1
I

2
I

18

Passersp.

I

Carduelis carduelis
Stagonopleura guttata
Turdus merula
Sturnus vugaris

8
4
2
4
9

MOLLUSCS
Garden Snail

Helix aspersa

ARACNIDS
Huntsman Spider
Spider undetermined

Fam. Sphassidac
Ordcr Arachnida

INSECTS
Christmas Beetle
Cluistmas Beetle
Other Christmas Beetles unrlel.
Stag Beetle
Black Beetle
Scarab Beetles
Other Beetles undetermined
Cicada
Bugs undetermined
Insects undetermined

Nor
items

I

3

Anoplognathus porosus
Anoplognathus viriditarsus
Anoplognathus sp.
Lampri.~ma aurata
Jleteronychus aratora
Fam. Scarabidae
Order Coleoptera
Psaltoda moerens
Order Hemiptera (Heteroptera)

TOTAL

4

4
41
I

7
4
44
14
2
7
209

%

items
1.9
2.4
0.5
2.9
1.0
1.4
0.5
0.5
1.0
0.5
0.5
1.0
0.5
8.6
0.5
3.8
1.9
1.0
1.9
4.3

%
Biomass
16.0
13.0

2.4
12.6
0.5
6.7
2.2
0.3
1.7
0.2
0.3
0.3
1.2
8.9
0.5
3.8
l.3
3.8
6.5
Il.?

0.5

0.2

0.5
1.4

0.1
0.2

1.9
1.9
19.6
0.5
3.3
L9
6.7
1.0
3.3

0.2
0.2
L8
0.0
0.3
0.2
L9
0.6
0.1
0.3

100

100

21.1
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Wedge-tailed Eagle

Common Name

PREY SPECIES
Scientific Name

MAMMALS
Echidna
Southern-brown Bandicoot
Long-nosed Bandicoot
Ringtail Possum
Mountain Possum
Common Brushtail Possum
Tamar wallaby
Red-necked wallaby
Eastern Grey Kangaroo
EGK juvenile
Wallaroo
Swamp wallaby
Swamp Wallaby juvenile
Other Macropods Wldet.
Juvenile Macropods undel.
House Mouse
Black Rat
European Rabbit
European Rabbit juvenile
Brown Hare
Red Fox
Red Fox juvenile

Cal
Sheep
lamb
Horse

Tachyglossus aculeatus
lsoodon obesulus

PerameJes nasuta
Pseudocheirus peregrinus

TrichosuTUS can/nus
Trichosurus vu/pecula
Macropus eugenii
Macropus rufogriseus
Macropus gigameus
Macropus robu.~tI-is
Wallabia bie%r
Macropus sp.

Mus musculus
Rattus rattus
Oryctolagus cuniculus

Lepus capensis
Vulpe.~ vulpes
Felis catu.~
Ovis aries
Equus caballus

• of

%

%

item§

items

Biomass

3
2
I
2
I
II
4
3
46
29
5
10
I
3
4
2
3
84
I
30
6
5
I
15
8
I

0.58
0.38

0.7
0.5
0.2
0.5
0.2
2.7
1.0
0.7
11.1
7.0
1.2
2.4
0.2
0.7
1.0
0.0
0.3
20.3
0.2
7.3
1.5
1.2
0.2
3.6
1.9
0.2

0.19
0.38
0.19
2.12
0.77
0.58
8.85
5.58
0.96
1.92
0.19
0.58
0.77
0.38
0.58
16.15
0.19
5.77
1.15
0.96
0.19
2.88
1.54
0.19

BIRDS
Domestic Fowl
Pacific Black Duck
Australian Wood Duck
Purple Swamphen
Straw-necked Ibis
Ibis undetennined
Peregrine Falcon
Australian Hobby
Brown Falcon
Rock Dove
Crested pigeon
Yellow-tailed Black Cockatoo
Galah
Sulphur-crested Cockatoo
Musk Lorikeel
Crimson Rosella
Crimson rosella juvenile

Gallus gallus
Anas superciliosa
Chenonetla jubafa
Porphyrio porphyrio
Threskiornis spinicollis
Fam. lbreskiornithidae
Falco peregrinus
Falco longipennis
Falco berigora
Columba livia
Ocyphaps lophotes
Calyptorhynchus fimereus
Cacalua roseicapilla
Cacalua galerila
Glossopsitta concinna
Platycercus elegans

2
I
21
I
I
I
I
I
I
10
I
3
25
10
I
15
I

0.5
0.38
0.19
0.2
5.1
4.04
0.2
0.19
0.19
0.2
0.19
0.2
0.19
0.2
0.19
0.1
0.19
0.2
1.2
1.92
0.19
0.1
0.58
0.7
4.81
3.2
1.92
2.4
0.19
0.0
2.88
0.8
0.19
0.1
(continued overleaf)
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Common Name

PREY SPECIES
Scientific Name

Eastern Rosella
Rosella undetermined
Red-romped Parrot
Parrots undetennined
Tawny Frogmouth
Thornhill undetermined
Laughing Kookaburra
Red Wattlebird
Noisy Miner
Magpie-Lark
Australian Magpie
Australian magpie juvenile
Pied Currawong
Grey Currawong
Currawong undetermined
Australian Raven
Australian Ravenjuvenile
Little Raven
Raven undetermined
Juvenile Raven undetermined
White-winged chough
Common Starling
Other Birds uooetennined

Platycercus eximius
Platycercus sp.
Psephotus haematonotus
Order Psiltacifonnes
Podargus strigoides
Acanthiza sp.
Dacelo novaeguineae
Anthochaera canmculata
Manoyina me/anocephala
Orallina cyanoleuca
Gymnorhina tibicen

Corcorax melanorhamphos
Sturnus vulgaris

CRUSTACEANS
Crayfish undetermined

Decapoda-Reptantia

INSECTS
Cicada

Psaltoda moerens

\
\
3
\
2
2
3
2
I

0.19
0.19
0.58
0.19
0.38
0.38
0.58
0.38
0.19

0.2
0.2
0.0
0.2
0.4
0.4
0.0
0.0
0.2

0.19

0.0

8

1.54

0.0

520

100

100

\
\
\

Corvus mellori
Corvus sp.

Physignatus lesueun'j
Pogona barbata
Fam. Agamidae
Fam. Agamidac
Ti/iqua scincojdes
Tiliqua sp.
Egernia cunninghamj
Fam. Scincidae
Pseudechis porphyriacus

2.31
0.77
0.38
1.15
0.38
0.77
1.92
3.46

\

3
28
5

Strepera graculina
Strepera versicolor
Strepera sp.
Corvus coronoides

REPTILES
Eastern Water Dragon
Bearded Dragon
Small Dragon undetermined
Large Dragon undetennined
Eastern blue-tongued lizard
Blue-tongued lizard undet.
Cunningham Skink
Skink undetennined
Red-bellied black snake

\2
4
2
6
2
4
10
\8

%
Biomass
0.4
0.1
0.0
0.1
0.4
0.0
0.4
0.1
0.0
0.\
3.6
0.4
0.\
0.\
0.\
2.9
0.8
0.4
1.5
0.4
0.5
0.3
2.9

Oof
items
8
1
1
1
3
1
3
2

TOTAL

%
items
1.54
0.19
0.19
0.19
0.58
0.19
0.58
0.38
0.19
0.58
5.38
0.96
0.19
0.19
0.19
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Little Eagle

PREY SPECIES

Common Name

Scientific: Name

Nor
items

MAMMALS
Eastern Grey Kangaroo
Black Rat

Macropus giganteus
Rattus raltU.f

2

European Rabbit

Oryctolagus cuniculus

12
\2
2
2
\

European Rabbit juvenile
Brown Hare
Sheep

Canle
BIRDS
Australian Wood Duck
Brown Goshawk
Rock Dove
Galah
SuJphur~rested Cockatoo
Swift Parrot

Crimson Rosella
Crimson Rosella juvenile

Eastern Rosella
While-browed Babbler
Magpie-Lark

Black-faced Cuckoo Shrike
Australian Magpie
Pied Currawong
Australian Raven
Ravens undetermined
White~winged chough
Other Birds undetermined

Lepus capensis
Ovis aries
Bos taurus

Chenonettajubata
Accipiterfasciatus
Columba livia
CacatuQ roseiCbpillo
Cacatua go/erilD
Lathamus discolor
Pfacycercus elegam
Platycercus elegans
Pomalostomus supercifiosus
Grallina cyanoleuca
Coracina novaehollandiae
Gymnornina tibicen
Strepera graculina
COTVUS coronoides
C01VUSSp.
Corcorax melanorhamphos

\

"I.
ilems
1.92
0.96
11.54
11.54
1.92

1.92
0.96

Biomass

3.8
0.9
22.9
21.5
3.8
3.8
1.9

2
8

1.92
2.88
0.96
3.85
2.88
2.88
1.92
0.96
0.96
1.92
7.69

1.9
1.3
0.9
5.1
1.9
0.2
2.2
0.8
1.1
0.\
1.2
1.1
3.0
1.8
1.9
1.8
2.2
6.9

\
\
\
3
2

0.96
0.96
0.96
2.88
1.92

0.\
1.4
1.9
0.2
0.\

0.96

1.9

\

\

\
5

0.96
0.96
0.96

"I.

4.81

\
\

0.96
0.96

5
2
3

4.81

\
4
3
3
2
\
1

REPTILES
Small Dragon Lizard
Eastern blue-tongued lizard
Sbingleback
Cunningham Skin.
Skink undetermined

Amphibolorus sp.
Tiliqua scincoides
Egernia cunninghami

Fam. Scincidae

FISH

C"P

Cyprinus carpio

INSECTS

Longicom Beetle Phorocanta
Christmas Beetle
Black Beetle
Scarab Beetles
Other Beetles undetermined

Phoracantha sp.
Anoplognmhus Sp.
Heteronychus ora/ora

\
2

Fam. Scarabidae
Order Coleoptera

\
5

\

0.96
1.92
0.96
0.96

0.0
0.0
0.0
0.0
4.81
0.0
(continued overleaf)
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Common Name

PREY SPEC) ES
Scientific Name

items

'I'.
Biomass

1
3

3.85
0.96
2.88

0.0
0.0
0.0

104

100

100

• of
items

Cicada
Common Brown Butterfly

Psalloda moerens
Heteronympha merope

Gras.<;hopper

Order Orthoplera

TOTAL

4

%
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Brown Falcon

Common Name

PREY SPECIES
Scientific Name

#.r
items

MAMMALS
Antechinus undetermined

Common Dwmart
Ringtail Possum
Eastern Grey Kangaroo
EGK juvenile
Swamp Wallaby
House Mouse
Black Rat
European Rabbit
European Rabbit juvenile
Brown Hare
Sheep
BIRDS
Painted Bulton-quail
Australian Wood Duck
Galah
Crimson Rosella
Crimson Rosella juvenile
Eastern Rosella
Rosella undetermined
Red-romped parrot
Parrot undetermined
Southern Boobookjuvenile
Australian Magpie
Starling
Small birds undetermined
Other Birds undetermined

Antechinus sp.
Sminthopsis mu,rina
Pseudocheirus peregrinus
Macropus giganteus

Wallabia bie%r

2
1
1
2
1
2

Mus musculus
Rattus rattus

"

OrycLOJagus cuniculus
Lepus capensis
Ovis aries

Tumix varia

Chenonetlajubata
Cacatua roseicapilla
Platycercus eximius
PJatycercus efegans

PJatycerus sp.
Psepholus haemalonolus
Fam. Psittacidae
Ninox novaeseeJandiae
Gymnorhina tibicen
Sturnus vulgaris

1
12
7
3
3

1
2
2
2
1
7
2
4
1
1
4
4
1
8

'%
items

%
Biomass

0.68
0.34
0.34
0.68
0.34
0.68
3.74
0.34
4.08
2.38
1.02
1.02

0.3
0.1
2.1
4.1
2.1
4.1
0.7
1.0
24.7

0,34

0.68
1.36
0.34
0.34
1.36
1.36
0.34
2.72

0.4
4.1
2.2
0.9
0.4
2.7
0.9
1.0
0.5
1.0
4.3
1.0
0.3
5.5

0.68
0.68
0.68
0.34

2.38

14.4

6.2
6.2

REPTILES
Jaeky Lizard
Eastern Water Dragon
Dragon lizard undetennined
Stripped Skink
Skink undetennined
Brown Snake
Red-bellied Black Snake

Amphibolorus muricatus
Physignalus lesueurii
Fam. Agamidae
Crenolus robustus
Fam. Scincidae
Pseudonaja lexlilis
Pseudechis porphyriacus

4
1
1
1
8
2
1

1.36
0.34
0.34
0.34
2.72
0.68
0.34

0.5
1.6
0.8
0.1
0.3
2.3
1.2

MOLLUSCS
Little Basket Shell
Garden Snail
Water Snail

Corbicula australis
Helix aspersa
Glyplophysa gibhosa

14
4
1

4.76
1.36
0.34

05
0.2
0.0

(continued overleaf)
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Common Name

PREY SPECIES
Scientific Name

CRUSTACEANS
Crayfish yabbie

INSECTS
Dung Beetles
Christmas Beetle
Cluislmas Beetle
Christmas Beetles undel.
Lucanid Beetle
Repsimus Beetle
Weevil Beetle
Black Beetle
Scarab Beetles undetennined
Tenebrionid Beetles
Cerambycid Beetle
Passalidae Beetle
Other Beetles undetermined
Cicada
Cockroach undetennined
Grasshoppers undetennined

'of
items

%
items

%
Biomass

Cherax sp.

2

0.68

0.4

Ontophagus au.ftralis
Anoplognathus porosus
Anoplognolhlls viridilarsus
Anoplognolhus sp.
Lamprima latreillei
Repsimus aenus
Fam. Curculionidae
Heteronychus ara/ora
Fam. Scarabidae
Fam. Tenebrionidae
Fam. Cerambicidae

6
26
3
29
2
I
6

Fam. Passalidae

I
16
36
2
15

2.04
8.84
1.02
9.86
0.68
0.34
2.04
5.78
2.38
0.)4
0.34
0.34
5.44
12.24

0.68
5.10

0.0
0.2
0.0
0.2
0.0
0.0
0.0
0.1
0.1
0.0
0.0
0.0
0.1
0.3
0.0
0.1

294

100

100

Order Coleoptera
Psaltoda moerens
Blattodea
Order Orthoplcra

TOTAL

17
7
I
I
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Australian Hobby

Common Name

PREY SPECIES
Scientific Name

MA1\'IMALS
European Rabbit
European Rabbit juvenile
Gould's Wattled Bat
Bats undetermined

BIRDS
Stubble Quail
Galah
Budgerigar
Crimson Rosella
Crimson Rosella juvenile
Eastern Rosella
Eastern Rosella juvenile
Australian Ringneck
Red-rumped parrot
Parrot undetermined
Tawny Frogmouth
Sacred Kingfisher
Spotted Pardalotc
Striated Pardalote
Red Wattlebird
Noisy Miner
Yellow-faced Honeyeater
Eastern Spinebill
Flame Robin
Magpie-lark
Olive backed oriole
Black-faced Cuckoo-shrike
White-bellied Cuckoo-shrike
While-browed Woodswallow
Dusky Woodswallow
Woodswallows undetermined
Australian Magpie
Magpie Juvenile
Welcome Swallow
Tree Martin
Brown Song1ark
House sparrow
European Goldfmch
Sparrows undelermined
Finch undetermined
Diamond Firetai1
Silvereye
Blackbird
Common Starling

Oryctolagus cuniculus
Cha/inolobus gouldi;
Order Chiroptera

Cotumix pectoralis
Cacatua roseicapilla

Melopsirtacus unduJatus
Platycercus elegans
PJatycercus eximius
Rosella sp.
Barnardius zonarius
Psephotus haematonotu$
Fam. Psittacidae
Podargus strigoides
Todiramphu$ sanctus
Pardolatus punelalus
Pardalotus striatus
Antochaera carunculata
Manorina me/anocepha/a
Lichenostomus chrysops
Acanthorhynchus tenuirostris
Petroica phoenicea
Gral/ina cyanoleuca
Oriolus sagiuatus
Coracina novaehol/andiae
Coracina papuensis
Artamus superciliosus
Arfamus cyanopterus
Gymnorhina tibicen
Hirundo neoxena
Hirundo nigricans
Cincloramphus crura/is
Passer domesticus
Carduelis carduelis
Fam. Passeridae
Fam. Fringillidae
Slagonopleura guttata
Zosterops /ateralis
Turdus merula
Sturnus vulgaris

• of
items

%
items

I
I
3
I

0.40

I
2
5
4
2
6
5
2
2
6
I
I
3
3
I
8
2
I
I
3
I
I
I
6
I
2
I
I
I
I
2
10
3
4
I
I
I
I
20

0.40
0.81
2.02
1.61
0.81

DAD
1.21

0040

2.42

2.02
0.81
0.81
2.42

0.40

DAD

%
Biomass
4 .•
3.2
0.4
0.2

0 .•
5.2
1.4
4.5
2.0
5.4
4.3
2.8
1.2
5.8
2.5
0.4
0.2
0.3
1.0
5.1
0.3
0.1
0.1
2.3
0 .•
0 .•
0.6

1.21
1.21
0.40
3.23
0.81
0.40
0.40
1.21
0.40
0.40
0.40
2.42
0.40
0.4
0.81
0.7
0.40
2.6
0.40
1.7
0.40
0.1
0.1
0.40
0.81
1.0
2.5
4.03
1.21
0.6
1.61
0.9
0.2
0.40
0.40
0.1
0.40
0.1
0.40
0.8
8.06
12.8
(continued overleaO

I..
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Common Name

PREY SPECIES
Scientific Name

Nof

items
4
7
16

Starling juvenile
Small passerine undet.
Other Birds undetennined

INSECTS
Christmas Beetle
Christmas Beetles uncle!.
Chrysomelid Beetle
Slag Beetle
Diaphonia beetles
Scarab Beetles
Cerambycidae Beetles
Other Beetles undetennined
Cicadetta
Cicada
Mantids undelennined
Cockroach undetermined
Other Insects undetermined

Anoplognalhu.~ porosus

Anoplognalhus .~p.
Faro. Chrysomelidae
Lamprisma latreille
Diaphonia dorsalis
Faro. Scarabidae
Phorocaruha sp.
Order Coleoptera
Cicadetta sp.
Psa/todo moerens
Order Mantodea
Order Blattoidea

TOTAL

%
items
1.61
2.82
6.45

%
Biomass
2.2
1.9
10.5

32
23
I
I
I
2
2
13
I
17
2
I
I

12.90
9.27
0.40

0.40

0.6
0.4
0.0
0.0
0.0
0.0
0.0
0.2
0.0
0.3
0.0
0.0
0.0

248

100

100

0.40
0.40
0.81
0.81

5.24
0.40
6.85
0.81
0.40
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Peregrine Falcon

Common Name

PREY SPECIES
Scientific Name

MAMMALS
Broad-toothed Rat
European Rabbit
Gould's Waltled Bat
BIRDS
Little Black Cormorant
Pacific Black Duck
Grey Teal
Australian Wood Duck
Cattle Egret
Linle Egret
Undelennined Egret
Rufous Nigth Heron
Straw-necked Ibis
lesser Golden Plover
Silver Gull
Whiskered Tern
Gull-billed Tern
Nankeen Kestrel
Rock Dove

Rock Rove juvenile
Peaceful Dove
Bar-shouldered Dove
Common Bronzewing
Brosh Bronzewing
Crested pigeon
Yellow-tailed Black Cockatoo
Gang-gang
Galah
Litlle Corella
Sulphur-crested Cockatoo
LiUle Lorikeet
King Parrot
Princess Parrot
Crimson Rosella
Crimson Rosella juvenile
Eastern Rosella
Eastern Rosella juvenile
Rosella undetermined
Ausualian Ringneck
Red-romped Parrot
Blue Bonnet
Parrot undetermined
Pallid Cuckoo
Fan-tailed Cuckoo
Black eared Cuckoo

• of
items

AfastQcomys fuscus

I

Oryctolagus cuniculus
Chalinolobus gouldii

2
2

Phalacrocorax. sulcirostris

I

Arras supercilioSQ

2
2
5

Anas gracilis
Chenonetta jubata
Ardea ibis
Egreua garzetta
Faro.. Anleidae
Nycticorax caledonicus
Threskiornis spinicol/is
P/uvialis fu/va
Larus novaehol/andiae
Chlidonias hybridus
Sterna nilotica
Falco cenchroides
Columba livia
Geopelia placida
Geope/ia humeralis
Phaps Chalcoptera
Phaps elegans
Ocyphaps lophotes
Calyplorhynchus funereus
Callocephalon fimbriatum
Cacatua roseicapilla
Cacatua sanguinea
Cacatua galerita
Glossopsitta pusilla
Alisterus scapularis
Polytelis alexandrae
Platyeercus elegans
Plarycercus eximius
Platycercus sp.
Barnardius zonarius
Psepholus haematonolus
Northiela haematogaster
Order Psittaciformes
Cuculus pallidus
Cacomanlis flabelliformis
Chalcites osculans

I

5
I
I
I
I
I
I
I
I

75
I
I
I
I

2
6
I

34
III
I
I

2
I
I

28
4
45
4
I
I

12
I
I

2
I
I

'>'.

'>'•

items

Biomass

0.15
0.30
0.30

0.1
0.9
0.0

0.5
0.15
0.9
0.30
0.7
0.30
0.75
2.3
0.15
0.3
0.75
1.1
0.15
0.2
0.5
0.15
0.15
0.5
0.1
0.15
0.2
0.15
0.15
0.1
0.15
0.2
0.15
0.1
11.21
16.8
0.2
0.15
0.15
0.0
0.15
0.1
0.15
0.2
0.30
0.3
0.90
1.0
0.15
0.5
5.08
6.'
16.59
27.0
0.15
0.4
0.15
0.5
0.30
0.'
0.15
0.2
0.1
0.15
2.9
4.19
0.4
0.60
6.73
3.'
0.60
0.3
0.1
0.15
0.1
0.15
1.79
0.7
0.15
0.1
0.2
0.15
0.1
0.30
0.15
0.0
0.15
0.0
(continued overleaO
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Common Name

PREY SPECIES
Scientific Name

Horsefield's Bronze Cuckoo
White-throated needletail
Sacred kingfisher
Dollarbird

Spoiled Pardalote
Striated Pardalote
Yellow-rumped Thornhill
Red Wattlebird
Little Wattlebird
Noisy Friarbird
Noisy Miner
Yellow-faced Honeyeater
White-eared Honeyeater
White-naped Honeyeater
Eastern Spinebill
Scarlet Honeyeater
Honeyeater undetennined
White-browed Babbler
Rose Robin
Scarlet Robin
Red-capped robin
Eastern Yellow Robin
Robin undetennined
Golden Whistler
Rufous Whistler
leaden Flycatcher
Magpie-Lark
Olive backed oriole
Black-faced Cuckoo-shrike
White-bellied Cuckoo-shrike
Masked Woodswallow
White-browed Woodswallow
Dusky Woodswallow
Australian Magpie
Pied Currawong
Grey Currawong
Australian Raven
Little Raven
Welcome Swallow
Brown Songlark
European Goldfmch
Red-browed Firetail
Silvereye
Bassian Thrush
Common Blackbird
Common Starling
Starling juvenile
Other Birds undetermined

Chalciles basalis
Hinmdapus caudacutus

Todiramphus sane/us
Euryslomus orientalis
Pardololus punctalus
Pardo/OluS stria/us
Acanthiza iredale;
Anthochaera canmculata
Anthochaera chrysoptera
Philemon corniculatus
Manorina melanocephafa
Lichenostomus chrysops

Lichenostomus Jeueo/is
Melithreptus lunatus
Acanthorrkynchus tenuirostris
Myzomela erythrocephala
Fam. Meliphagidae
Pomatoslomus superciliosus
Pelroica rosea
Pelroica mullicolor
Pelroica goodenovii
Eopsaltria australis
Fam. Petroicidac
Pachycephala pectoralis
Pachycephala rufiventris
Myiagra rubecula
Grallina cyanoleuca
Oriolus sagittatus
Coracina novaehollandiae
Coracina papuensis
Artamus personalus
Artamus superciliosus
Artamus cyunopterus
Gymnorhina libicen
Strepera graculina
Strepera versicolor
Corvus coronoides
Con-'llS mellori
Hirundo neoxena
Cincloramphus cruralis
Carduelis carduelis
Neochmia lemporalis
Zosterops lalemlis
Zoolhera lunulala
Turdus merula
Slurnus vulgaris

#of
items
I
I
2
I
3
3
I
13
1
I
6

•
1
1
1
2
2
1
I
I
I

3
I
I
I
I

10
I

•
3
I

3
3
12

3
I

16
I

2
2
I

2
6
I

2
119
9
26

".

items
0.15
0.15
0.30

0.15
0.45
0.45

0.15
1.94

0.15
0.15
0.90
0.60
0.15

%
Biomass

0.0
0.1
0.1
0.1
0.0
0.0
0.0
1.2
0.1
0.1
0.•
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.0
0.0
0.0
0.0
0.8
0.1
0.3
0.2
0.0
0.1
0.1
2.9
0.6
0.2
7.3

0.15
0.15
0.30
0.30
0.15
0.15
0.15
0.15
0.45
0.15
0.15
0.15
0.15
1.49
0.15
0.60
0.45
0.15
0.45
0.45
1.79
0.45
0.15
2.39
0.15
OA
0.0
0.30
0.1
0.30
0.15
0.0
0.0
0.30
0.90
0.1
0.15
0.1
0.30
0.2
17.79
7.1
0.5
1.35
3.9
3.89
(continued overleaf)
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Common Name

PREY SPECIES
Scientific Name

#or

%

'''-

items

items

Biomass

REPTll..ES

Small-eyed Snake

RJrinoplocephalus nigrescens

0.15

0.3

6
I

0.60
0.15
0.30
0.30
0.90
0.15

0.0
0.0
0.0
0.0
0.0
0.0

669

100

100

INSECTS

Fam. Scarabidae

Brown Beetle
Diamond Weevil
Christmasmas Beetles undet.

Chrysolophus speclobiJis
Anoplognathus sp.

Other Beetles undetennined

Order Coleoptera

Cicada

Psa/ioda moerens

Grasshopper

Order Orthoptera

4
I

2
2

TOTAL

152

Nankeen Kestrel

Common Name

PREY SPECIES
Scientific Name

# 01

items
MAMMALS
Antedtinus undetennined
Swamp Wallaby
European Rabbit
European Rabbit juvenile
House Mouse

Antechinus sp.
Wallabia bieQ/or

Oryctolagus cuniculus
Mus musculus

I
I
2
5
7

%
items
0.20
0.20

0.40
1.00
1.40

';'

Biomass

0.6
4.8
9.7

21.6
1.8

BIRDS

Crimson Rosella
Eastern Rosella
Red-romped Parrot
Australian Magpie
Brown Songlark

House sparrow
Goldrmch
Common Starling
Undetennined small birds
Other Birds undetc:nnined

Platycercus eximius

PJatycercus elegans
Psephotus haematonotus
Gymnorhina tibicen
Cincloramphus croralis
Passer domesticus
Carduelis cardue/is
Slurnus vugaris

1
5
2
1
1
5
1
2
1
3

0.20

1.00

DAD
0.20
0.20
1.00
0.20
0.40

0.20
0.60

1.8
7.5
1.9
4.2
0.8
2.1
0.3
2.1
0.5
3.4

REPTLLFS

Jacky lizard
Dragon lizard undelennined
Skink undetennined
Small snake undetennined

AmphiboJorus muricotus

Fam. Agamidae
Fam. Scincidae
Suborder Serpentes

14

2.81

8

1.60
6.81
0.40

lOA

0.20
0.20

0.0
0.2

34
2

6.4
2.5
4.6

MOLLUSCS

Millipede
Garden Snail

Helix aspersa

ARACNIDS

Huntsman Spider
Wolf Spider

Spider

lsopeda sp.
Fam. Lycosidae
Order Arachnida

6
1
20

1.20
0.20
4.01

0.3
0.0
0.9

Anoplognathus porosus
Anoplognalhus olivieri
Anoplognathus sp.
Repsimus aenus
Heferonychus aratora
ram. Cerambycidae
Ontophagus australis
Farn. Elateridae
Diaphona dorsa/is
Fam. Carabidae
Farn. Curculionidae
Farn. Scarabidae

7
1
32
3
21
2
5
2
1
1
11
91

1.40
0.20
6.41

0.2
0.0
1.0
0.1
0.6
0.1
0.2
0.1
0.0
0.0
0.3
2.8

INSECTS

Christmas Beetle
Christmas Beetle
Christmas Beetles undel.
Repsimus Beetle
Black Beetle
Longicom Beetle
Dung Beetle
Click Beetle
Diaphona Beetle
Carab Beetles
Weevil
Scarab Beetles

0.60
4.21
0.40

1.00
0.40

0.20
0.20
2.20
18.24

(continued overleaf)
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Common Name

PREY SPECIES
Scienlific Name

Geotrupidae-Melonthini
Other Beetles undelennined
Cicada
Bugs undetermined
Flying ants
Epicoma moth
Butterflies/moths

Heteronyx sp.
Order Coleoptera
Psaltoda moerens
Order Hemiptera
Order Hymenoptera
Epicoma con/ristis
Order Lepidoptera

Mole Crickets

Order Orthoptera

Acridae Grasshoppers
Grasshoppers

Faro. Acrididae
Order Orthoptera

# of
items
20
83
34
2
14
I
4
1
2
36

TOTAL

499

%
items
4.01
16.63
6.81

%
Biomass

0.40
7.21

0.6
2.5
1.0
0.1
0.4
0.0
0.1
0.0
0.1
1.1

100

100

OAO
2.81

0.20
0.80
0.20

154
Southern Boobook

CommOQ Name

PREY SPECIES
Scientific Name

MMfMALS
House Mouse

Mus musculus

# of
items

House Mouse juvenile
Black Rat juvenile
Gould's Wattled Bat
Bent-wing Bat

Miniopteros schreibersij

Broad-nosed Bat

Scolorepens orion

White-stripped Bat
Other Bats undetennined

Tadarida australis

4
2
1
1
1
1
1

Order Chiroptera

11

Crested Pigeon
Crested Pigeon juvenile

Ocyphaps Jophotes

1
1

Crimson Rosella
Eastern Rosella
Eastern Rosella juvenile
Noisy Friarbird

P/atycercus eximius
P/atycercus e/egons

Rattus rat/us
Chalinolobus gould;;

%

%

items

Biomass

0.58
0.29
0.15

1.8
0.4
2.3
0.4
0.4
0.3
0.9
55

0.15

0.15
0.15
0.15
1.61

BIRDS

Wren undetermined

White·browed Babbler
Grey Fantail
Magpie-lark
Goldfmch
House Sparrow
Red-browed Firetail
Silvereye
Blackbird
Sparrow undetermined
Common Starling
Starling juvenile
Conunon Myna
Other Passerines undet.
Other Birds undelcrmined

Philemon corniculatus
MaJurus sp.
Pomatostomus superci!iosus
Rhipidura rufivenlris
Gra/lina cyano/euea
Carduelis carduelis
Passer domesticus
Neochimia temporalis
Zosterops lateralis
Turdus memla
Fam. Passeridae
Sturnus vugaris
Acridotheres tristis
Order Passeriformes

5
3

0.00
0.15
0.15
0.15
0.29
0.00
0.00
0.58
0.15
0.00
0.15
0.44
0.15
0.15
0.73
0.44

55
3.8
3.3
8.0
25
0.0
0.2
l.l
0.2
4.6
0.0
0.0
1.2
0.3
0.0
0.7
5.7
1.7
2.0
6.9
5.4

I

3
1
0
1
I

1
2
0
0
4
1
0
1
3
I
I

0.15
0.15
0.15

0.44
0.15

ARACNIDS
Hunlsman Spider
Wolf Spider
Other spide~ udetermined
Scorpions undetennined

lsopeda sp.
Fam. Lycosidae
Order Aracnida
Clase Scorpionidae

5
59
10
1

0.73
8.61
1.46
0.15

0.3
3.2
0.6
0.1

INSECTS
Christmas Beetle
Chrisunas Beetles undel.
Scarab Dynastinae
Scarab Beelle
Carab Beelle
Longicom Beetle
Longicom Beetle

Anoplognathus v;riditarsus
Anoplognathus sp.
Subfamily Dynaslinae
Fam. Scarabidae
Fam. Carabidae
Phorocanta tricuspa
Phorocanta semipunctata

2
119
7
78
4
1
8

0.29
17.37
1.02
11.39
0.58
0.15
1.17
(continued

0.1
65
0.4
4.3
0.2
0.1
0.4
overleaf)
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Common Name

PREY SPECIES
Scientific Name

Longicom Beetle
Longicom Beetle
Longicom Beetle undel.
Longicom Beetle
Coplerus Cerambycid
Weevil

Click Beetle
Dung Beetles

Nof
items

PhorOCQnla tricuspa
Phorocanla semipunctata
PhorOCQnta sp.
Faro. Cerambycidae

Copterus lhoracicus
Fam. Curculionidae
Elalerid sp.

Other Beetles undetennined

Ontophagus australis
Order Coleoptera

Bug

Hemiptera*Homoptera

Cicada
Cicadellidae Bug

Psa/todo moerens

An"

Ledromorpha pfaniroslris
Order Hymenoptera

Mom.
Grasshoppers
Cockroach

Order Lepidoptera
Order Orthoptera
Order Blauoidea

I
8
43
27
I
8
3
8
97
3
5
I
2
74

65
I
TOTAL

685

~.

~.

items

Biomass
0.1
0.4
2.4
1.5
0.1
0.4
0.2
0.4
5.3
0.2
0.3
0.1
0.1
4.1
3.6
0.1

0.15

1.17
6.28
3.94

0.15
1.17
0.44

1.17
14.16

0.«
0.73
0.15

0.29
10.80
9.49

0.15

100

'00
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Appendix 3. Number and percentage of prey items and pncentage biorna55 of the different prey
categories taken by Wedgr-tailed Eagles in t 964 and 2002·03. Prey categories following Leopold
and Wolfe 1970.

1964
II of Items
114

_;. of
Items
43.8

41
5
4
23
21

15.8
1.9
1.5
8.8
8.1

Other Birds

14
8
9
12

5.4
3.1
3.5
4.6

Reptiles

9
260

PREY
CATECORIES

Rabbit
Hare

Roos and wallabies
Adult Sheep
lamb

Other mammals
Raven
Magpie
Parrots

TOTAL

'V. of
Biomass
29.869

17.397
4.703
11.315
24.398
9.802

0.960
0.298

II of Items
56
26

64
9
6
22

2002-03
III. of
Hems
17.0

III. of
Biomass

Weight

10.845

2.47
4
13.3
40
15
4.4

7.9
19.4
2.7
1.8
6.7

8.154
44.493
18.818
4.704

7.6
7.6

1.267
0.688

7.590

(kg)

10.9

1.096

0.652

25
25
36
56

17.0

2.248

0.606
0.329
0.364
0.48

3.5

0.236

5

1.5

0.097

0.232

100

100

330

100

100

0.371
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Appendix 4. Number and percentage of prey items and percentage biomass of the different prey categories
taken by the Peregrine Falcon and the Australian Hobby in 2002·03.
Peregrine Falcon
2002-2003

1991·1992
PREYSPEOES

CammoaN.me

Scientific: N.nw

•

,

MAMMALS

Gould's Wanled 8aI

o.,JlillOlobttJ gouldi;

European Rabbil

Oryctolagus CWIicuhu

Paimed Btmon-qlail

'"~

PxiflC Black D.lck

..41141 Jllpnri/itlsa
,(104.1

AustnIlian Wood Duck

CAe_ella juNUJ

CanlcEpd

Ard~ibU

gruciJis

uttle Eva

EgnllQ garznta

Nankeen Nigh!: Heron

NydU:orax CQledonicus

Masked Lapwing

Y(Ulelll'$ miles

PacifIC Golden Plover

Pfwl'ialis!wl,-a

Silver Gull

LDnu lIovaehollalldiae

Nankeen Kestrel

Fako cenchroides

Rock Dove

Columooliria

Rock [)ovejuvenile

Bar-shQuldCKd Dove

GeopeUa hW1l£ralis

Peaceful Dove

Geopelio placida

Common Bronzcwing

Phops cholcoplera

Brush Bronzcwing

Phap1 elegans

Crested pigeon

Ocyphaps lopho/es

Ycllow-lailod Black Cockatoo

CalypwrnyncJrus jiJllereus

Gang-gang Cockatoo

CaJlo«phalOil jimbrialum

Go.h

CacaMl roseicapilla

Little Corella

Cacalwa saflgui~a

Sulphur<resled Cockltoo

Caca/ua galeri/a

lillie Lorikcn

GloJSopsi(la pusil/a

King Parrot

Afisten4 s~/aris

C.d.tid

Nymphievs ltolJandicus

Budgerigar

MdlJP~jtllJclu

Crimson Rosella

Platycnau degans

lmdulahlS

Crimsoa Rosella juvenile
Eastern RO$clIa

I.,

2

'.2

•••

•

."

4

•••

•

,.,

2
4

2

•
15.2

6S

•
4

•
•

70

•
•
,•

15.4

.
•

Red-lUmped parrot

Psepllo/IU luN"tlIfOnO/IU

•,

Blue IJonnct

Herthida hematogasler

I

fam. PsittKidac:

2

7

27.6

'2

'.1
<0.05

2'

,.,

lOO

97.3

97.0

'.2

I.,

9)

..,
'.4

'.4

'I
.3
••

m

,os
332

JOO

..

UA

,

.2

'.1

14.

• .2

'.J

)OJ

'00

'2

'.2

12.5

19.5

J08

,.2

'.J

290

'.2

'.1

1)0

'.2

<0.05

44

'.2

.,

'.2

'.2

'"

I.J

I'

'.2

'"
'"

1&4

766

2JI

101

19.4

32.9

JJJ

'.2

• .3

'.4

I.,

'.4

'1

.2

•
•

••,
41

'.4
'.7

'2

2

'.4

..,

•••

'01'

4.2

'.7

•••
• .1

14
IlOO

,.,

10.1

'.2
'.4

0.01

'.4

17

'.3

.2

I.'

.2

'.7

2

22

.,

I.'

2

'.4

2.'

.2

42

W·

e.•

'.2

12.1

,

AUSl:rali.ln Ringn«:k

S07

l4

•
•
•••
•
•

Wtigbt

items

'.2

•
•
•••
•
•
•
'.2
•
7.'
• .,

Platyarrw sp.

&stem Rosella juvenile

Y.

•

,

'.4

0>

Tunrixwuia

GreyTcal

Rosella undetennincd

Y.
bloman

•

European Rabbit juvenile

BIRDS

Y.
it~nu

12

'.2

,.

'00

so

211

'1

"

'"

3.'

2.3

•••

'.4

7.'

42

106

'.4

0>

100

.2

'.1

.2

.2

"'
137

2.3

.2
.2

III

'.7

61

• .1

90

.2

2)0
(conlinucd ovcrk:aO
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Sacred k.inlfi$hCT

Todiramplr.us sanctllS

o
o
o

Dollarbird

£urys/omus on'mla/is

o

Spotted Panalote

ParrJa/OIIlS pvnClatllS

Swted Pardalote

Parda/O/ILJ slriallu

o
o

Ydlow·l\lmpcdThombill

ACGlltllizll dtrysorriloa

o

Red Wattkbinl

AntAodfllt'nr cruullCUJDlQ

2

Noisy Miner

MDIIOrina IMltIIlOCf'pftala

o

S

1.0

O.S

Ydktw·filCCd Honcyealtr

LidtmoJllNrfIIS dtrysops

o
o

2

0.4

< O.OS

17

0.2

<O.OS

22

o

0.0

< O.OS

0.2

<O.OS

"

0.2

<O.OS

39

0.2

< O.OS

2()

0.2

<0.05

Pallid Cuckoo
BI~k eared

Cuckoo

Cucwlus pal/Mus
Chrysococcyx OSCIl/tIIlS

While-c:ared Honeyeatef

UchmosllNrfllS In-ootis

White-naped HoneyeaICT

MelidtnplllS lunatllS

Eastern Spincbill

Actltltllorril)"'dllu UtlIlUoS/ris

02

While-browa:l IHbb{CT

PCHrtDtcs/Ol1Qu supudliosuJ

Eastern Yelklw Robin

Eopsa/lria flUSrra/is

o
o
o

Robin undetermined

FlUD. PetmicidK

o

<Key Shrike-Ihntsh

CoIluricitlcla htlFJrtlNlictl

2

Magpie-I....atk

Gralfilta C)'QtloIn.ctJ

,

Olive backed oriole

OrioIus sagi/MtlIS

o
o
o

Black·faccd. Cuckoo-shrike

ConIcitIa 1IOVQt!lroliandiM

While-bellied Cuckoo-shrike

COrtJd"a pa~nsis

0.'

Aus(llIlian Magpie

GYmlIorhina /ibicetl

1.1

Pied Curtllwong

Sirepero grtJ<:lllina

0.1

Grey Curtllwong

Sirepero wrsic%r

o
2

Raven undetennined

Corvwsp.

Welcome Swallow

Hinmdo neouna

Richard's Pipit

Anfflusno~eseekndiae

3

Brown Songlaric:

Cincloramphus crurafis

o

European Goldfinch

CarrJue/is carrJuefis

o

SilvCTeye

ZmlerQ{U fa/erolis

Common Blackbird

Turdus merula

o
o

Starling

Stwmus ndgorU
Order Passeriformcs

3

0.2

0.1

2

0.4

<0.05

3

0.6

<0.05

0.2

<0.05

1.9

1.1

108

101

10

<O.OS

"
•
•

IS<>
12

II

2()

65
1.5

0.7

90

0.2

0.1

100

2

0.4

0.2

10'

2

0.4

0.1

10

3l

2

0.4

0.1

2

0.4

0.1

39

4

0.3

1.3

329

1.0

0.2

0.3

210

I.,

02

0.3

300

0,2

0.6

64'

I.'

OA
0.2

0.'

o

0.1

2.1

o

02

< 0.05

2

0.1

0.1

o
2

0.4

< O.OS

'"'93
"
23

0.4

0.1

0.2

< 0.05

3

0.6

<0.05

2

0.4

0.2

"
"10

161

3S.S

14.2

113

21.7

32

"

3

0.1

0.2

3

1.5

O.s

60

•

0.'

02

22

2.'

21

4.0

4.1

0.2

<O.OS

II

2.1

<0.05

<0.05

2

10

Birds undetermined

30

0.1

"

0.2

Conus mellori

<0.05

0.4

0.'

o

Corvus coronoides

0.2
2

1.1

Artamw cyanoplenu

Austllliian Raven

83

0.'

Artamw sllpt!rciliosus

lillie RavCll

0.2

o

White·browed Woodsw:allow

Small passerines undetermined

< 0.05

0.4

02

Dusky Woods ....l1o....

Starling juvenile

OJ

2

INSEcrs

o

"

..

201

8 _ """"

Fam. ScallIbicbc

o

02

Di.amond Weevil

Orysoloplrus spectabi/is

o
o

02

<O.OS

2

2

0.'

<0.05

2

,

02

<0.05

2

12

<0.05

2

Christmu Beetles undetmnined

Anoplognadtus sp.

Beetks undetermined

Order CoIC1Optml

C....

PSG/lOda nl«fVIS

02

o

<O.OS
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Australian Hobby

2002·2003

1'191-1992
PREY SPECIES
Common Name

Sc:ifnlific Namc

MAMMALS
Gould's Wattled Bat

Chalinolobus gouldii

BIRDS

ilcnu

Columix pectoralis

Budgerigar

MefopsilUlCW undula/us

Crimson Rosella

Plalycercus e11'80ns

Crimson RoseIlajuvenile

Platyeercus c;;r;imius

%
biomass

%
itcms

•

%
biomass

•

1.2

•••

•

1.2

••

76.7

98.7

67

Stubble Quail

Eastern Rosella

y,

•

•
••

..

14

70.5

98.8

1

L2

2.7

'3
• .3

3.7

2

2.3

1.4

28

17.9

1

1.2

3.5

135

5.4
13.6

106

1

11

2.'

0

3

32

70

2

2.3

I.,

0

5

5.8

PsephQlushaemawno&s

0

1

L2

ParrolS undetennined

Fam. Psirtacidae

0

3

3.5

White-throated Necdletail

lfinmdapus caudaculus

2

Sacral Kingfisher

Trxiiramphus sanctw

0

1

1.2

1.0

Spotted Pardalote

Parda/oms punclof!J.J

0

3

0.7

Striated Pardalote

Porrialotus slriafW

0

2

3.5
23

Noisy Miner

Monorina melanocepholo

0

Red-<:appcd Robin

Petroica goodenovij

1

Golden Whistler

PachycepJrafa pec/oralis

1

2.1

11
11

5.1

0.2
0.'

0

•

104

131

R<'d-l\UllpM palTOl

Eastern Rosella juvenile

Wcigltt
(g)'

'.7

•••

•••

10.9

0

106
'1

90
II'
40

,

12
107

•

26

0

Dusky Woodswallow

Artomus cyanopterus

0

1

L2

1.0

39

Whilc-browed Woodswallow

ArtamU$ supercjfjosus

0

Tree Martin

flifWIdo nigricans

0

•

4.7

3'
0.

"

Skylark

Alarula arvt!nsis

1

Rufous Songlack

Cillcloramphus IMlhewsi

1

Brown Songlark

CinciorDmphus crorolis

House Sparrow

1

1.2

14

O.

0

0.'

0

1

1.1
1.1
1.1

1.2

2

2.3

2.7

54

Passerdomeslicw

8

8.'

4.7

7

81

48

27

Spam>ws uooetCJ1llined

Passer sp.

0

2

23

1.4

27

Red·browa:l firaail

Neochmia lemporDlis

3

3.2

0.7

0

Silvereye

Zoslerops lalernlis

0

1

12

0.3

10

Common Starling

SIUfTlW

10

11.6

19.2

7S

vulgaris

Slarlingjuvenile

31

27

11

32.6

5\.4

3

35

4.'

60

07

3

3.5

2.3

30

1.3

7

81

10.2

"

1.2

19

22.1

I.'

0

Small birds undetermined

1

Birtb undetennined

1

1.1
1.1

28

29.5

INSECTS

39

Christmas Beetle

Anoplognalhus porww

3

3.2

0.1

0

Chrisunas Beetles undet.

Anoplognolhus sp.

2

2.1

0.1

4

4.7

0.2

2
2

Diaphonia Beetles

Diaphonia dorsalis

0

1

12

01

2

Scarab Beetles

lIeleronychlU arDtora

0

1

1.2

0.1

2

1.1

Slag Beetle

lAmprisma laireille

1

Cerambyddae Beetles

Phorocantha sp.

0

Beetles undetennined

Order Coleoptera

1

1.1

Cicada

PSDllodD moerefU

Mole Cricket

Order Orthoplenl

"""hop""
Coo"""'h

.0

1

12

0.1

2

1

12

0.1

2

0.0

3

3.5

0.2

2

I'

16.8

0.7

7

8.1

0.4

1

1.1

0.0

0

Order Orthoplera

4

4.2

02

0

Blatloidea

0

1

2
2
2

1.2

0.1

2

* Bi.UffiaSS Sourcn: Higgins 19'99, Higgins and Davies 1996, Higgins and Peter 2002, Higgins el 01.2001, M"Donald el ar 2003, Magrath el of.
2004, Marchant and Higgins 1990<1. 199Ob, 1993, Olsen el al. 2004, Olsen and Tucker 2003, Sharp el al. 2002, Strahan 1988.
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Appendix 5. Percentage of the total Dumber of items and percentage contribution to biomass at WTE and WBSE territories
located on three clusters near Canberra.
Biomass Sources: 1) Higgins 1999; 2) MCDonald et al. 2003; 3) Marchant and Higgins 1993,4) Marchant and Higgins 1990; 5) Olsen el al.
2004; 6) Olsen and Tucker 2003; 7) Sharp et af. 2002; 8) Strahan 2004; 9) Estimated based on remains located at nests; 10) Unpublished data
from injured animals taken to Kippax Veterinary Hospital, ACT.
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