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“Once the sun disappears, along with the light,

She stretches her wings and sets off in flight,
And hunts far and wide well into the night,
Small native mammals her especial delight;
She’s endangered!”
From “The Masked Owl”
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Abstract

Rare species are often those most in need of conservation measures and yet they are
often the least well known and most difficult subjects for scientific research. The
methods frequently applied when researching species ecology are often not feasible

with rare species.

This study investigates the ways in which habitat influences the ecology and
distribution of a rare, threatened nocturnal bird, the Tasmanian Masked Owl (Tyto
novaehollandiae castanops) using mostly indirect methods. The results provide
insight into the value of indirect methods in determining habitat surrogates that may
be used in conservation planning for rare and threatened species. Diet of owls in
different habitats was determined using analysis of regurgitated pellets and a
synthesis of previously published data. It was found that while the owl has a wide
range of potential prey species, owls focus on particular prey species in different
areas. Introduced species, particularly rodents, made up a large proportion of the
diet at most sites. Sites that had little native forest contained low percentages of

native species in the diet.

Calling behaviour was explored using recordings of owls obtained during call
playback surveys and via automatic recording devices set at roost sites. The screech
call of the Tasmanian Masked Owl was found to be deeper and to reach higher
frequencies than the Australian Masked Owl (T. n. novaehollandiae). Calls were
shown to have the potential to discriminate between age, sex and potentially

individuals.

The occurrence of the owl throughout its potential range in forested areas of
Tasmania was investigated using call playback surveys. Occupancy probability
modeling (presence-absence data) was used to calculate the detectability of the
Tasmanian Masked Owl in call playback surveys and to define habitat and
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landscape features that best predict owl presence. Wind (negative) and air
temperature (positive) were found to have the most influence on Tasmanian Masked
Owl detectability, while low elevation, mature dry eucalypt forest was determined
to be the best predictor of occupancy. The best occupancy probability model was
used to create habitat quality map. The habitat quality map was compared with
maps created using presence only records and maximum entropy models. There was

broad similarity in the maps although the habitat quality map was more detailed.

The occupancy probability methods will be of value for the study of habitat
preferences of a wide range of cryptic, and/ or rare species. The survey
methodology used would vary depending on the species of interest, but the
statistical framework behind the models would remain applicable. The call analysis
methods and the diet analysis methods are applicable to studies of other owl species.

By combining the results obtained using the indirect techniques with knowledge of
owl ecology from the literature, possible causes of the estimated small population
size for the Tasmanian Masked Owl were explored. A range of habitat factors can
affect the Tasmanian Masked Owl, including nesting and roosting habitat, elevation
and mature dry eucalypt forest. Prey availability (abundance and accessibility) is
likely to be the ultimate factor responsible for the distribution and abundance of
Tasmanian Masked Owls and it probably is reflected in the distribution of low

elevation, mature dry eucalypt forest in Tasmania.
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Chapter 1: Introduction

Chapter 1 : Introduction

Ecology of rare species

In ecological communities most individuals come from only a few species which
are deemed to be common, while most species are represented by relatively few
individuals and are rare (Fisher et al. 1943; Preston 1948; Flather and Sieg 2007).
Species are usually regarded as rare on the basis of being either low in abundance,
having a restricted range, or both (Gaston 1997). Scale is also important, as species
that are rare in one location may be common in another. The causes of rarity are
either natural or anthropogenic in origin (Flather and Sieg 2007); natural rarity is an
inherent biological characteristic of some species whereas anthropogenic rarity is
caused by human activities that have resulted in a species becoming rare,
independent of their biology. The two are not mutually exclusive, since natural
rarity may predispose some species to be put under additional pressure by

anthropogenic activities, either directly or indirectly.

One of the most intractable problems facing conservation biologists is the effective
conservation of rare species. Almost by definition, rare species are often those most
in need of conservation measures and yet for the same reason they are often the least
well known and most difficult subjects for scientific research (Marcot and Molina
2007). Effective conservation planning requires an understanding of the processes
that are responsible for limiting species’ distribution, whether they are naturally
occurring or anthropogenic (Harrison et al. 2008; Lindenmayer and Hunter 2010).

Obtaining this understanding of rare species is inherently problematic.

This thesis deals with the ecology of a rare and threatened owl and illustrates ways
to overcome the problems of gathering information for the effective conservation of

rare species.
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Owls of the world

The predatory raptors known as owls belong to the order Strigiformes. The
approximately 205 species of owls belong to one of two families, the Strigidae
(typical owls) and the Tytonidae (barn-owls) (del Hoyo et al. 1999; Kdnig et al.
2008; Wink et al. 2009). The Strigidae contains the world’s largest owl (Eurasian
Eagle Owl Bubo bubo), the smallest owl (EIf Owl Micrathene whitneyi) and one of
the most studied owls, the Spotted Owl (Strix occidentalis) (del Hoyo et al. 1999).
The Strigidae appears to have evolved more recently than the family Tytonidae with
the earliest Tyto appearing in at least the Middle Miocene with the earliest Strigidae
not appearing until the Lower Miocene (del Hoyo et al. 1999). Currently, the
Tytonidae includes the Tyto genus (barn-owls) and the Phodilinae subfamily (bay-
owls) (Wink et al. 2009). Taxonomy in the Tyto genus is often controversial but
there are between 16-25 species in the family Tytonidae, of which more than half
occur in Indonesia and Australia (del Hoyo et al. 1999; Kénig et al. 2008). The Tyto
owls typically possess a conspicuous facial ruff that forms a heart-shaped disc; an
elongated and compressed bill; long legs with feathers on the posterior side of the
tarsus pointing upwards; the inner toe and claw is equal in length to the middle toe,
and the claw of the middle toe is pectinated, or serrated; the tenth outermost primary

is as long as the ninth, and the tail is emarginated (del Hoyo et al. 1999).

The Barn Owl (Tyto alba) is one of the world’s most widely distributed land birds
occurring across Europe, Africa, Asia, Australia, North America and South America
(Burton 1992). It is only absent from the most inhospitable desert regions and areas
with extreme winters (Taylor 1994). It is a well-studied owl, mostly in Europe and
North America, particularly in relation to its feeding ecology and its physiology.
Most of the other species of Tyto owl are poorly known in comparison. The Barn
Owl provides a useful comparison with other species of Tyto, however, most of the
populations that have been studied occur in largely open man-made landscapes of
Europe (Taylor 1994) and the U.S.A. (Lyman 2012), limiting their applicability to

forest-dwelling Tyto owls in Australia.
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Owl ecology

Owls are among the most well recognised of avian predators and exist on all
continents excepting Antarctica. Many owl species are regarded as rare on the basis
of low abundance across their range; they are usually nocturnal, hence rarely seen,
and have behaviours that make them difficult birds to study. The way owls occupy
and are influenced by their habitat has been widely studied because it is of critical
importance in understanding the birds and their conservation. Some owls are
migratory, only briefly maintaining small territories for breeding and covering large
distances in their regular migrations (Brinker et al. 1997; Evans 1997). Some owls
are nomadic, only occurring in parts of their range sporadically, usually as a
consequence of local and short-lived peaks in food availability (Miller et al. 1975;
Hutton and Brickhill 1985; Olsen and Doran 2002). Other owls are generally
sedentary, maintaining territories throughout the year, regardless of whether
breeding is taking place (Gerhardt et al. 1994; Blakesley et al. 2005). Differences
between migratory and sedentary owls usually relate to food availability (Korpiméki
1992a; Rohner and Krebs 1998; Klok and de Roos 2007).

One of the consistent aspects of owl ecology is that “food-supply affects every
aspect of demography, including age of first breeding, reproduction (proportion of
pairs laying, hatching and fledging young, clutch and brood sizes), juvenile and
adult survival, natal and breeding dispersal , and winter irruptions” (Newton 2002).
Newton (2002) emphasises that food-supply is the primary limiting factor for the
distribution and abundance of owls. Numerous species of owls have been shown to
respond functionally to prey availability including the Tawny Owl Strix aluco
(Southern 1970; Petty 1999), Short-eared Owl Asio flammeus (Korpiméki and
Norrdahl 1991) , Long-eared Owl Asio otus (Korpimaki and Norrdahl 1991; Sergio
et al. 2008b), Spotted Owlet Athene brama (Pande et al. 2009), Great Horned Owl
Bubo virginianus (Rohner 1996), Tengmalm’s Owl Aegolius funereus (Korpiméki
1992b), Eurasian Eagle Owl Bubo bubo (Penteriani et al. 2002), and Barn Owl Tyto

alba (Taylor 1994), to name a few. The home range size of the world’s most closely
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studied owl, the Spotted OwI Strix occidentalis, a mature forest specialist (Doak
1989; Moen and Gutiérrez 1997), is best predicted by the distribution and
abundance of prey species (Zabel et al. 1995). A population of the Eurasian Eagle
Owl in Spain was found to drop from 19 occupied territories (6 recorded breeding
attempts) to 6 occupied territories (nil breeding attempts) after rabbit populations
crashed to almost nil after a local outbreak of rabbit haemorrhagic disease (Martinez
and Zuberogoitia 2001). Similarly, the effects of prey habitat quality on owl
reproductive success has been shown in Barn Owls (de Bruijn 1994; Key 1995;
Taylor 2002; Bond et al. 2004; Charter et al. 2009) as well as other owls
(Korpiméki 1988; Korpimaki and Norrdahl 1991; Korpimaki 1992b).

Important aspects of owl feeding ecology other than simple food supplies include
food availability (in contrast to abundance), owl foraging behaviour and prey
behaviour. The availability of prey to birds is just as important as the abundance of
that prey (Martinez et al. 2010). For example, owl prey that is more visually
obvious (Kaufman 1974), or physically accessible (Derting and Cranford 1989), is
more easily preyed upon by owls. Access to prey is important in the foraging habitat
preferences of owls in Sweden (Aschwanden et al. 2005). Both Long-eared Owls
and Barn Owls prefer to forage in open fields rather than in ecological
compensation areas (ECAS): areas that have been set aside in agricultural areas for
the purpose of improving regional biodiversity (Aschwanden et al. 2005; Arlettaz et
al. 2010), despite the higher abundance of prey species within the ECAs
(Aschwanden et al. 2007). The reason given for this was the inaccessibility of the
prey within the dense vegetation of the ECAs.

Owils tend to have a particular foraging behaviour that either contributes to, or is a
consequence of, the prey animals that they usually feed on. Some owls, usually
those with long wings, hunt while in flight, by quartering over the ground from a
low altitude, looking and listening for prey and diving down when prey is detected:
examples include the Short-eared Owl (Vukovich and Ritchison 2008), the Eastern
Grass Owl (Tyto longimembris) (Estbergs et al. 1978) and occasionally the Barn
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Owl (Taylor 1994). However, most owls use the perch hunting technique, where the
owl sits and waits from a suitable perch until prey is located (Andersson et al.
2009), examples include Tengmalm’s Owl (Bye et al. 1992) and the Hawk Owl
(Surnia ulula) (Sonerud 1997). Owls that use the hunting in flight technique are
generally hunting in open habitats while perch hunters require perches, usually
provided by trees, stumps or fenceposts. Owls that hunt mostly ground-dwelling
prey such as the Australian Masked Owl (Tyto novaehollandiae) (Kavanagh 2002a)
require access to the prey on the ground whereas owls that hunt arboreal prey such
as the Powerful Owl (Ninox strenua) (Kavanagh 2002a; Cooke et al. 2006) are

relieved of this requirement.

The behaviour of prey can also affect the success of owl foraging. There have been
numerous studies on the effect of the behaviour of small mammals on their
susceptibility to predation by the Barn Owl (Brown et al. 1988; Kotler et al. 1991;
Shifferman and Eilam 2004; Stangl et al. 2005; Fux and Ailam 2009; Taylor 2009;
Berger-Tal and Kotler 2010). Some species are more likely to avoid predation than
others; this has been studied in detail with Barn Owls and their prey, mostly in
experimentally controlled captive situations (Kaufman 1974; Longland and Price
1991; Edut and Eilam 2003; Shahaf and Eilam 2004).

A number of studies have found that Barn Owls are more likely to prey
preferentially upon mammals of particular age and sex as a result of prey
behavioural differences (Dickman et al. 1991; Taylor 2009). For example, prey
species have been shown to be able to adjust their foraging behaviour in relation to
perceived predatory risk (Brown et al. 1988). In response to the presence of owls,
small mammals restricted their foraging to microhabitats with protection, even
though that meant leaving resource patches that were richer in seed sources (Brown
et al. 1988; Kotler et al. 1991). Kangaroo rats of the genus Dipodomys have been
found to be under-represented in the diet of Barn Owls where they occur in North

America, possibly due to their owl-avoidance behaviour (Stangl et al. 2005).
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The availability of nesting sites can be a factor limiting owl populations below that
which food-supply would permit (Newton 1994; Newton 1998). This has been
shown to be the case in populations of owls where the erection of artificial nest sites
resulted in significant increases in owl density, abundance and breeding success in
species including the Barn Owl (Johnson 1994; Petty et al. 1994; Marti 1997;
Meyrom et al. 2009). However, in situations where food supply is apparently low,
the provision of nest boxes is ineffective in increasing abundance and breeding
success (Moller 1994; Radley and Bednarz 2005). In addition, nest boxes erected in
situations where natural nest sites are freely available experience limited take-up by
owls (Southern 1970; Mossop 1997; Solheim et al. 2009), suggesting that in these
situations it is food supply that is limiting owl numbers, not the availability of

nesting habitat.

Research techniques in owl ecology

The direct methods most often applied to bird ecology (e.g., radio-telemetry, line
transect surveys, observational techniques) are sometimes not feasible with rare
species, usually because of difficulties in locating the species (resulting in small
sample sizes). Indirect techniques (e.qg., call playback surveys, regurgitated pellet
analysis) are often the only option to obtain the ecological information most critical
for the development of effective conservation measures. The need for cost-effective
methods of researching species conservation and ecology is prompting an increase
in interest in indirect techniques (Chamberlain et al. 2004; Drechsler et al. 2007;
Franco et al. 2007; Cantarello and Newton 2008). Indirect techniques can be cost-
effective, less intrusive, and can still provide valuable ecological information that
can inform the conservation process (Benshemesh and Emison 1996; MacKenzie et
al. 2004; Nekaris et al. 2008; Bilney et al. 2010; Boyer et al. 2010).

The documentation of owl diet via the examination of regurgitated pellets of
indigestible prey parts has become a staple of owl research (Townsend 1926;
Errington 1930; Dodson and Wexlar 1979; Trejo and Lambertucci 2009). The

discovery that owls have a relatively high pH in their digestive juices and are unable
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to digest bone, fur or feathers has proven valuable in the study of owl diet
(Errington 1930; Craighead and Craighead 1956; Smith and Richmond 1972;
Raczynski and Ruprecht 1974; Andrews 1990). Identification of the species in the
pellets is usually regarded as a good indicator of owl prey (Banks 1965; Vernon
1972; Morton 1975b; Kusmer 1986; Yom-Tov and Wool 1997; Debus and Rose
2004). Vertebrate remains are particularly well preserved but insect remains are also
found, although more difficult to identify to type (Clulow et al. 2011). There is a
possibility that the remains of amphibians may be under-represented in Tyto pellets
(Wilson et al. 1986), however, Tyto owls are generally regarded as mammal feeding
specialists (del Hoyo et al. 1999), so it is unlikely to be a problem except in
situations where mammal prey becomes rare. The method avoids the logistical
difficulties of determining what secretive nocturnal birds such as owls are preying
on by observation (Todd 2006). One limitation of the pellet method is that a single
prey item (especially large ones) may be represented in more than one pellet
(Craighead and Craighead 1956; Yom-Tov and Wool 1997). Rosenberg and
Cooper (1990) recommended that the sampling unit should be a collection of pellets

rather than individual pellets for this reason.

The use of the call playback method has proven valuable for the study of many
animals that are either cryptic, rare or occupy large territories (Miller and Miller
1951; Foster 1965). It involves the playing of pre-recorded vocalizations (or
occasionally vocal imitations) of the target animal through a speaker system to
encourage a detectable response from the target animal (Levy et al. 1966; Silvy and
Robel 1967; Dow 1970). Call playback has been used successfully for large
mammals (Kiffner et al. 2008; Thorn et al. 2010) and birds including rails
(Tomlinson and Todd 1973; Repking and Ohmart 1977; Griese et al. 1980;
Richmond et al. 2010), frogmouths (Beruldsen 1997; Smith and Hamley 2009),
owlet-nightjars (Doucette 2010), nightjars (Kavanagh and Peake 1993a), and owls
(Siminski 1976; Gould 1977; Gerhardt 1991; Martinez et al. 2002; Navarro et al.
2005; Kissling et al. 2010). The call playback technique has revolutionised the

study of nocturnal birds and is particularly useful for rare species that are difficult to
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find by any other method. In Australia, call playback has become the standard
technique for detecting owls (Milledge et al. 1991; Kavanagh and Peake 1993b;
Debus 2001; Loyn et al. 2001a; Mclintyre and Henry 2002; Parker et al. 2007).

While the use of call playback has greatly improved the rate of detection of owl
species there is still a statistical problem stemming from the often low rate of
detection. Most surveys fail to detect owls, resulting in what has been termed zero-
inflated data (Wintle et al. 2005b). Even within surveyed locations, it is common for
the species to be present but go undetected. This has prompted the investigation of
species occurrence from a different perspective, that of the probability of occupancy
of a site. The methodology is designed to permit reliable inferences about
occupancy that deal adequately with detection probabilities less than one
(MacKenzie et al. 2002; MacKenzie et al. 2003a; Wintle et al. 2004).

Quality of habitat for owls is in part a function of food-supply (and associated
foraging issues) and nesting habitat but it is easier to predict and map owl habitat if
it can be done on a broad scale based on vegetation characteristics, rather than
directly measuring prey abundance, and searching for nesting sites. The
measurement and prediction of habitat quality on a broad scale using radio
telemetry data has been attempted for a number of owl species including the Spotted
Owl (Forsman et al. 1977; Franklin et al. 2000) and the Barred Owl (Mazur et al.
1998). In Australia attempts to describe and map habitat quality for owls has
generally been based on call playback survey results and opportunistic site records
applied to GIS layers (Kavanagh and Peake 1993a; NSW National Parks and
Wildlife Service 1994; Kavanagh et al. 1995; Loyn et al. 2001a; Loyn et al. 2002;
Soderquist et al. 2002; Taylor et al. 2002; Wintle et al. 2005a). Potential nesting
habitat quality has been predicted from habitat found around existing nests
extrapolated to larger areas in Australia (Swindle et al. 1999; Isaac et al. 2008).
Satellite imagery has been used to predict and map habitat quality for the Barn Owl

in Belgium (Andries et al. 1994). All of these methods can be useful and

28



Chapter 1: Introduction

informative but they are all dependent on the quality and quantity of the information
available.

The nocturnal behaviour of owls and the low density at which they often occur has
made the study of their distribution and abundance more difficult than it is for most
birds. Because of this, many of the standard direct techniques for studying
distribution and abundance such as line-transect surveys and point counts (Anderson
and Ohmart 1981; Pyke and Recher 1985) are ineffective for owls. The habitat used
by owls, including in particular the territory size of territorial species, has been a
prominent area of research over the last 30 years. The fitting of radio transmitters to
owls has been the most used direct technique to monitor territory size, habitat use
and movements, particularly with the Spotted Owl (Guetterman et al. 1991; Call et
al. 1992; Forsman et al. 2005). The technique also enabled researchers to discover
where the owls roosted and nested (Herter et al. 2002; Hamer et al. 2007). It is
nevertheless, an expensive, labour-intensive and intrusive technique (Petty et al.
2004), prohibitively so for many studies of rare and threatened owls

notwithstanding the quality of the data obtained.

Australian Masked Owl (Tyto novaehollandiae)

The Australian Masked Owl (Tyto novaehollandiae) is one of the largest and the
second-most widespread of the barn-owls from the Tyto genus. It occurs sparsely
across northern and eastern Australia, with a population occurring in south-west
Western Australia (Barrett et al. 2003). The Australian Masked Owl has been a
subject of targeted surveys in Western Australia (Liddelow et al. 2002), Victoria
(Milledge et al. 1993; Loyn et al. 2001a; Mcintyre and Henry 2002), New South
Wales (Kavanagh and Peake 1993b; Debus 1995; Debus 2001; Parker et al. 2007)
and Tasmania (Bell et al. 1996). Apart from Tasmania, where it is the only large
forest owl, it is typically the least reported of all the Australian owl species (Peake
et al. 1993; Debus and Rose 1994) and is poorly known. Many of the commonly
held beliefs about the species are based on anecdotal observations, or extrapolations
from other Tyto spp. (Schodde and Mason 1980; Debus 1993b; Hollands 2008).
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While it is most often reported from the forested south-east of Australia (Blakers et
al. 1984; Barrett et al. 2003), the Australian Masked Owl once occurred and
possibly still does occur well inland, including a population that lives in caves on
the Nullarbor Plain of Western Australia (Hyem 1932; Debus 1993a). It has been a
source of intrigue that this apparently adaptable species with such a wide
distribution apparently remains rare across its range. It is listed as vulnerable,
endangered or near threatened in all the States that it occurs in except for Western

Australia.

Studies on the Australian mainland have suggested that the Australian Masked Owl
IS most numerous in open forest and woodland, particularly in areas where the
vegetation includes a mosaic of dense and sparse ground cover (Davey 1993; Debus
1993Db; Peake et al. 1993; Debus and Rose 1994). Systematic surveys (based on
presence and absence data) conducted in north-east New South Wales found that
high probability areas of occurrence for the Australian Masked Owl were in drier
forests and low probability areas were in mesic forests (NSW National Parks and
Wildlife Service 1994). With the addition of incidental data and analysed as a
presence only dataset, a model was constructed that reinforced the preference for
drier forest types but highlighted a preference for wet forest components over
extensive tracts of dry forest. The model identified a preference for less
topographically rugged sites and forest interiors distant from cleared land and
fragmented landscapes (NSW National Parks and Wildlife Service 1994).

The identified preference for forest interiors was seemingly in contrast to the
abundance of incidental records that come from road kills and road-injured birds in
semi-cleared and cleared areas (Peake et al. 1993; Debus and Rose 1994). As of
1994, 20% of all the records of the species in NSW were of road kills or road
injuries, suggesting that Masked Owls may make use of the edge effect created by
roads through wooded habitats (Debus and Rose 1994). However, as pointed out by
Debus and Rose (1994), roads are the most intensively sampled habitat and the

apparent preference for edges and cleared land could be a misleading artifact.
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There is a growing body of knowledge associating the Australian Masked Owl with
extensively forested areas. In south-east NSW, virtually all observation records
were associated with extensively forested areas or occurred within one kilometre of
the boundary of such areas (Kavanagh and Stanton 2002). A number of studies in
south-east NSW have also found the Australian Masked Owl more often in
unlogged forest, or in forests which had been subjected to only light selective
logging, than in re-growth (Kavanagh and Peake 1993a; Kavanagh and Bamkin
1995; Kavanagh et al. 1995). However, a study from northern NSW in mostly re-
growth forests of an assortment of different silvicultures, detected the Australian
Masked Owl more often immediately after logging than before, suggesting that even
the cleared habitat was more likely to be occupied than the older re-growth forest
(Cann et al. 2002).

Tasmanian Masked Owl (Tyto novaehollandiae castanops)

The Tasmanian Masked Owl is generally regarded as a rare species because it has a
low overall abundance (Bell et al. 1996), large territory size (Young 2006), and is
rarely observed (Barrett et al. 2003), despite its wide distribution in Tasmania. It is
usually regarded as the largest of the world’s barn owls, i.e. members of the genus
Tyto (Konig et al. 2008), although it is comparable in size with the Sooty Owl Tyto
tenebricosa (Mooney 1993; Bilney 2009). It has variously been regarded as a
distinct species (Konig et al. 2008), or as a subspecies of the Australian Masked
Owl (Tyto novaehollandiae) (Christidis and Boles 2008). The most recent study has
suggested that the Tasmanian Masked Owl is best regarded as a subspecies of the
Australian Masked Owl (Hogan et al. 2012).

Tasmanian Masked Owils are typically larger and heavier than mainland Australian
Masked Owls and occur more often as a dark plumage morph (Higgins 1999c).
They have no large forest owl competitors in Tasmania, unlike the mainland
Australian Masked Owls. Research has shown that the Tasmanian Masked Owl
preys upon larger mammals more often than on the mainland (Mooney 1993;

Kavanagh 2002a). The smaller Barn Owl does occur occasionally in Tasmania as a
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vagrant (Thomas 1979; Blakers et al. 1984) with a number of specimens occurring
in museum collections (Todd, M.K., pers. obs.). However, there have probably been
some misidentifications of Tyto owls in Tasmania. The Tasmanian Masked Owl has
been incorrectly reported to only occur in dark and dark-intermediate colour phases
(Higgins 1999c), when in fact it occurs in all colour phases including white making
it superficially similar to the Barn Owl. For example, a deceased ow! collected in
1910 was described as a strange form of Barn Owl (Hall 1910), but from the
description the owl was likely a white morph Tasmanian Masked Owl. However, it
should be noted that there is one unconfirmed record of Barn Owl nesting in a barn
in Tasmania in the 1940s (Elliott 1999).

The Tasmanian Masked Owl is listed as endangered under the Tasmanian
Threatened Species Protection Act 1995, vulnerable under the Environment
Protection and Biodiversity Conservation Act 1999 and as endangered in the 2010
Action Plan for Australian Birds (Garnett et al. 2011a). The breeding population
has been estimated at between 200 and 665 pairs (Bell and Mooney 1997; Bell and
Mooney 2002). Much of its core distribution overlaps with areas subject to
production forestry (Bell and Mooney 2002) but little is known of the effects of
different land use activities on the owl. Only 6% of the predicted distribution of the
Tasmanian Masked Owl lay within dedicated reserves in 2002 (Bell and Mooney
2002). The owl is not adequately conserved within the reserve system and so its

conservation relies on the ways in which other land use types are managed.

There has only been one systematic distributional survey for the Tasmanian Masked
Owl, carried out in the winter months of 1996 (Bell et al. 1996). Apart from this
survey, there have been several studies of the owl’s diet (Green 1982; Green and
Rainbird 1985; Geering 1990; Mooney 1992; Mooney 1993; Young 2006), its
breeding habits (Sharland 1947; Fleay 1949; Hill 1955; Green 1982; Mooney 1997)
and numerous anecdotal observations (Fletcher 1909; Fletcher 1918; Dove 1938;
Skemp 1955; Green 1965; Mollison 1999). Most of these studies were based on

small samples and limited observations. Two female Tasmanian Masked Owls were
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captured and fitted with radio-transmitters in 2006, providing the first estimates of
Tasmanian Masked Owl home range size, i.e. 1991 hectares and 1896 hectares
(Young 2006).

The most detailed review so far of the ecology of the Tasmanian Masked Owl stated
that there was a “dearth of information on the distribution, population status and
habitat requirements of the Masked Owl ... in Tasmania” (Bell et al. 1996). Bell et
al. (1996) identified some of the possible environmental constraints to the
distribution of Tasmanian Masked Owls. They suggested that the preferred habitat
of the Tasmanian Masked Owl lay in lowlands (<600 m a.s.l.) with a high mean
annual temperature and low mean annual rainfall. The distribution of records
reflected the distribution of dry sclerophyll forest, woodland and cleared land in
Tasmania and was in accord with stochastic distribution models of the nominate
subspecies in northeast New South Wales (NSW National Parks and Wildlife
Service 1994).

Given the level of forest clearance (forestry, agriculture, urban subdivisions) within
what is apparently the Tasmanian Masked Owl’s preferred habitat, its low
representation in the reserve system, and that it remains the least well known of the
Australian Tyto spp. there is a strong incentive for the studies reported here.

Thesis aim and objectives

The overarching aim of this thesis is to investigate the influence that habitat has on
the distribution and ecology of a rare and threatened nocturnal bird, the Tasmanian
Masked Owl, in forested landscapes. In particular, it explores the following
questions relating to survey, habitat use and foraging ecology, at a broad scale, of
this little studied owl. Where noted, the occurrence of other nocturnal birds is also

reported upon. Some of the questions asked include:

Does the diet of Tasmanian Masked Owls vary according to location?
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What is the calling behaviour of the Tasmanian Masked Owl and how might this

influence survey results?

How do geographic and environmental variables influence detection probability,
and site occupancy, of Masked Owls and two other species of Tasmania’s nocturnal
birds? What is the distribution of optimum habitat for the Tasmanian masked owl
and other nocturnal bird species?

In this way it tests previous assumptions about factors that influence Masked Owl
occurrence and habitat, in particular the importance of prey accessibility and
availability. The study largely uses indirect techniques to do this due to ethical
constraints placed on the project.

Ethical constraints

The thesis does not attempt to address the question of whether the availability of
suitable nesting hollows limits population size. Early in the process, there was an
intention to use GPS datalogger technology or radio telemetry to follow owls and
locate nest sites, roost sites and preferred feeding habitat. Unfortunately, due to a
combination of equipment failure and difficulties in obtaining animal ethics
approvals (described below) this methodology had to be abandoned and alternative

questions were posed.

The standard method for attaching tracking devices to owls throughout Australia is
via lightweight harnesses, sometimes with a weak link that will eventually break
allowing the harness to fall free after many months. The method has been used
successfully in the study of Powerful Owls (Ninox strenua) (Kavanagh 1997), Sooty
Owils (Tyto tenebricosa) (Kavanagh and Jackson 1997; Bilney et al. 2011), Barking
Owls (Ninox connivens) (Kavanagh and Stanton 2009), Australian Masked Owls
(Tyto novaehollandiae) (Kavanagh and Murray 1996; Kavanagh 1997; Kavanagh et
al. 2008b) and Tiwi Island Masked Owls (T. n. melvillensis) (Smith, J. pers.

comm.). Harness and transmitter combinations used on Australian owls have ranged
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from 1.4% to approximately 5% of owl body weight. In Tasmania, David Young
attached harnesses to two Tasmanian Masked Owls for his Honours research at
UTAS in 2006. These harnesses had a Sirtrack “weak link” which was designed to
break in the event of a harnessed animal becoming tangled in vegetation, but not to
decay and break over time; this was not the understanding of those involved in the
research and the UTAS Animal Ethics Committee. As a result of the harnesses not
breaking, the UTAS Animal Ethics Committee developed a negative opinion about
the use of harnesses on owls, despite the fact that there was no indication that the

tracked owls had come to any harm.

The UTAS Animal Ethics Committee had concerns about the use of harnesses in
this current project (2007 and 2008) but after some time and discussions permission
was granted for their use in 2009. After raising the necessary funds, GPS
dataloggers were purchased from the only company that claimed to be able to
manufacture loggers at a small enough size to be acceptable to the UTAS Animal
Ethics Committee (<3% of body weight). Unfortunately they proved to be faulty
and had to be returned to the manufacturer at the cost of a significant amount of
time. In the meantime, two Tasmanian Masked Owls were captured and fitted with
standard VHF radio transmitters. One of these devices failed within one week of
fitting. After the transmitter failure, the owl was not sighted again for over 6
months, but then appeared to be well; the transmitter and harness were not visible.
The second owl was released with harness and was tracked for approximately 6
weeks until the owl was found dead with the transmitter and harness still attached.
The harness showed signs of weakness at the site of the weak link but it had not yet
come free. There was evidence of starvation, but when the owl was examined by the
UTAS Animal Welfare Officer he concluded that the cause of death was
inconclusive; animal ethics approval was subsequently withdrawn.

Due to budget and time constraints by this stage (2 years into the project), it was
decided to concentrate on other methods of studying masked owls in order to be
able to produce a body of work suitable for a PhD in the time remaining. Methods

were devised to explore the above questions relating to habitat use and foraging
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ecology, at a broad scale, of this little studied owl. This was always intended to be
the emphasis of this work and the intention of the thesis.

Thesis structure

Chapter 2 analyses the composition of the diet of the Tasmanian Masked Owl at a
range of locations and attempts to relate any differences in terms of the
environmental characteristics of the sites. The hypothesis that Tasmanian Masked
Owils focus their dietary attention on particular prey species at each location, while

having a diverse dietary range at the Tasmania-wide scale, is tested.

The calling behaviour of the Australian Masked Owl is poorly known and there are
relatively few recordings of the species. Chapter 3 describes quantitatively and
qualitatively the calls of the Tasmanian subspecies of the Australian Masked Owl
and tests a number of hypotheses including that a number of environmental

variables have a negative effect on Tasmanian Masked Owl calling rate.

The influence of geographic and environmental variables on the detection
probability, and site occupancy, of Masked Owls and two other species of
Tasmania’s nocturnal birds is examined in Chapter 4. Using occupancy probability
theory, occupancy models are created to explain the distribution of the three species
taking into account the number of surveys at each site and the weather at the time of
the survey. The potential utility of these habitat models for conservation planning is
discussed. Several hypotheses are tested in relation to this including that the
Tasmanian Masked Owl is more common at low altitudes, in dry eucalypt forest
with an abundance of tree hollows and in forest that is in close proximity to forest

edges.

Models, based on systematically collected data that describe the habitat preferences
of the owl are then used to map the occurrence of optimum habitat for the species

and these maps are compared with maps created by less rigorous datasets (Chapter
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5). As Chapters 2-5 are written in the format of publications for scientific journals
there is a small amount of repetition of background material in some sections

between the chapters.

The final chapter (Chapter 6) discusses the findings of the research in relation to the
overall objective of the thesis and places it in a context from which it can inform
and provide direction to future research on the Tasmanian Masked Owl, the
Australian Masked Owl and other cryptic, rare species that provide challenges to

researchers and land managers.
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Chapter 2 : Variation in the diet of the Tasmanian

Masked Owl

Authors: Michael K. Todd, Chris Spencer and Phil Bell

Abstract

Knowledge of food requirements has been demonstrated to be critical to the
conservation management of many owl species. Previous studies have shown that,
in general, a diverse range of prey forms the diet of the Australian Masked Owl
(Tyto novaehollandiae). However, anecdotal evidence suggests that individuals may
select for specific prey items at particular locations. This study quantified the diet of
the Tasmanian Masked Owl (T. n. castanops) at 17 sites in eastern Tasmania,
through the examination of regurgitated pellets. Mammals dominated the diet at all
but one of the sites, with introduced rodents (mostly introduced black rat (Rattus
rattus) and house mouse (Mus musculus)) prominent in the diet at all sites.
Bandicoots (mostly the eastern barred bandicoot Perameles gunnii) were an
important food item in diet collections south of Hobart. There was a wider range of
larger-sized mammals in the diet of the Tasmanian Masked Owl than is usually
found in the diet of the mainland Australian Masked Owl. There was no clear
relationship between diet and the environmental characteristics of the site, possibly
because of the heterogeneous nature of most of the sites, but the results of this study
support the idea that there is a focus on particular food sources at a particular
locality. The prey species most common in the diet appears to vary across Tasmania
and also between individuals. It may be that prey partitioning between the sexes is
responsible for some of this variation. Because different owls focus on different

prey, maintaining the presence and abundance of the species in an area may hinge
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upon maintaining a range of different types of habitat for prey animals of varying

sizes.

Introduction

Prey distribution and abundance is one of the main factors influencing the ecology
of all raptors, including owls. Population densities of raptors can be limited by the
availability of prey and this in turn can affect breeding success directly and
indirectly (Newton 1979; Peery 2000; Aumann 2001). Food selection and
availability has been demonstrated to be important to many owl species (Smith et al.
1999; Sunde et al. 2001; Penteriani et al. 2002). For example, food supply (and
habitat related to food supply) has been shown to affect owl density and breeding
performance in many studies (Korpiméki and Norrdahl 1991; Korpimaki 1992a;
Korpiméki 1992b; Penteriani et al. 2002; Salvati et al. 2002; Bond et al. 2004; Klok
and de Roos 2007; Sergio et al. 2008b), although not all (Meek et al. 2009; Frey et
al. 2011). Home range size has also been linked to owl breeding performance
(Sunde et al. 2001). Knowledge of the food requirements of a species is important
to understanding its ecology and habitat requirements, and the study of diet is a
necessary component of this. The conservation and management of a species

requires that all aspects critical to a species survival are taken into account.

Published information on the diet of the Australian Masked Owl (Tyto
novaehollandiae) is mostly sparse or restricted to studies of particular pairs (Debus
1993b; Kavanagh 1996; Kavanagh 2002a; Todd 2006). There has been a general
consistency in the diet of the Masked Owl on the Australian mainland, with small
ground-dwelling and scansorial mammals being important in the diet. Kavanagh
(1996) examined the diet of a breeding pair of Australian Masked Owls on the south
coast of New South Wales. This pair fed mostly on small native ground-dwelling or
scansorial mammals from the genera Rattus and Antechinus. Near Newcastle, a
female Australian Masked Owl was reported to feed mostly on the introduced black

rat (Kavanagh and Murray 1996). A breeding pair from Lake Macquarie were found
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to prey upon mostly bush rats (Rattus fuscipes), brown antechinus (Antechinus
stuartii) and house mouse (Mus musculus) (Todd 2006). A nest tree of the
Australian Masked Owl from Victoria was reported to contain mostly remains of
rabbit and house mouse (McNabb et al. 2003). More recently, an analysis of the
prey of two male Australian Masked Owls from northern New South Wales found
house mouse and bush rat to be the two most commonly consumed prey species
(Kavanagh et al. 2008a). Introduced species are sometimes important in the diet
(Kavanagh and Murray 1996) but not always (Kavanagh 1996). The influence of
environment on diet has not been investigated but it has been suggested that the
Australian Masked Owl might require open understorey forest to be able to capture
its ground-dwelling prey (Debus 1993b; Peake et al. 1993).

More detail has been published on the diet of Tasmanian Masked Owls (Green
1982; Green and Rainbird 1985; Mooney 1992; Mooney 1993). However, previous
studies of the diet of the Tasmanian Masked Owl have either focused on a collection
of pellets from one owl at one locality (Green and Rainbird 1985; Geering 1990;
Young 2006) or they have combined pellet collections from across Tasmania
(Mooney 1992; Mooney 1993).

Most studies of Tasmanian Masked Owl diet have found introduced rodents to be
major components (Green 1982; Geering 1990; Mooney 1993; Young 2006;
Milledge et al. 2010) with rabbits (Green 1982; Mooney 1992; Mollison 1999),
bandicoots (Young 2006) and birds (Green and Rainbird 1985) also occasionally
being important. In general these studies found a diverse range of prey; however
particular prey species always dominate the diet of Tasmanian Masked Owils in
particular areas. The most obvious difference between the Tasmanian Masked Owl
and the mainland subspecies is the greater abundance in the diet of large and

medium sized mammals.
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The Tasmanian Masked Owl is the only large forest owl to breed in Tasmania,
resulting in it having no close avian competition, unlike the Australian Masked Owl
on mainland Australia where throughout its range there is at least one other large
forest owl species present. The only other resident species of owl, the small
Tasmanian subspecies of the Southern Boobook (Ninox novaeseelandiae leucopsis),
is about one fifth the size of the Tasmanian Masked Owl (Higgins 1999c) and
largely insectivorous (Green et al. 1986). The Barn Owl (Tyto alba) occurs as a
vagrant in Tasmania but there has been one unconfirmed breeding report for the
species (Elliott 1999). Although the diet of the Barn Owl often consists of small
mammals (Baker-Gabb 1984; Heywood and Pavey 2002), its rarity or usual absence
from Tasmania means it would provide little more than temporary, local

competition for the Tasmanian Masked Owl.

The Tasmanian Masked Owl is a rare species because of a combination of low
overall abundance (Bell et al. 1996), large territory size (Young 2006), and being
rarely observed (Barrett et al. 2003), despite its wide distribution in Tasmania. It is
usually regarded as the largest of the world’s barn owls (Tyto) (Konig et al. 2008),
although it is comparable in size to the female Sooty Owl Tyto tenebricosa (Mooney
1992). It is listed as endangered under the Tasmanian Threatened Species
Protection Act 1995, vulnerable in the Environment Protection and Biodiversity
Conservation Act 1999 and as endangered in the Action Plan for Australian Birds
(Garnett et al. 2011a). Previous estimates of population size have included 200-400
breeding pairs (Bell and Mooney 2002) and 1300 mature individuals (Garnett et al.
2011a). Much of its core distribution overlaps with areas subject to production
forestry (Bell and Mooney 2002) and yet little is known of the effects of different

land use activities on the owl.
The diet of owls has most often been studied by the analysis of their pellets, which

are made up of the regurgitated indigestible remains of their prey. This method of

studying diet can be used for most raptors but is especially suitable for owls because
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of their tendency to swallow prey whole or in large portions, notably including the
head of their prey (Duke et al. 1975). Tyto owls have a relatively high stomach pH
(Smith and Richmond 1972) and are only capable of limited digestion of bones
(Cummings et al. 1976) giving further advantage to pellet-based studies. For
example, it has been found that that 98% of the tibiae found in Barn Owl pellets in
one study, were complete (Andrews 1990). The contents of pellets can be identified
to species level by comparison of the remains with known reference specimens,
particularly crania, jawbones, teeth and thighbones. The use of pellets to determine
diet has been found to be accurate with little loss of information due to bone damage
in digestion in Barn Owls (Raczynski and Ruprecht 1974; Dodson and Wexlar
1979; Taylor 2009).

In this study, the diet of the Tasmanian Masked Owl at particular localities was
compared by analysing regurgitated pellets. The aim was to describe the
composition of the diet at each location and evaluate any differences in terms of the
environmental characteristics of the sites. The hypothesis, that although the
Tasmanian Masked Owl eats a diverse range of prey at the Tasmania-wide scale, at

a particular locality they usually focus on particular species, was tested.

Methods

Two-hundred and eighty-two regurgitated pellets and loose material from broken
down pellets were collected at known roost sites of Tasmanian Masked Owl at eight
locations in eastern Tasmania (Figure 2.1, Table 2.1). All pellet collections were
made at sites where Masked Owls had been previously observed. Sites at Howden,
Allens Rivulet, Sandford, Sandy Bay and Taroona were tree roosts, the sites at Glen
Huon and Bagdad were cave roosts and the site at Bishopsbourne was a roost in a
barn. In addition to these sites, the published results from sites at Crabtree,
Mountain River (Young 2006), Pateena (Green 1982) and Triabunna (Green and
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Rainbird 1985) were added to the total analysed data set. These four pellet
collection sites were tree roosts, with the Pateena site being a nest site. Further
unpublished additional datasets were included, involving sites at Liffey (C.
Spencer), Broadmarsh (N. Mooney), Longford (N. Mooney), Waverley (N.
Brothers, per N. Mooney) and Granton (N. Brothers, per N. Mooney). All of these
unpublished additional sites were cave roosts except for Longford, which was a
number of tree roosts. In total 503 individual pellets or assorted pellet remain

collections were analysed from 17 sites.
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Figure 2.1- Location of sites (grey dots) where diet was analysed.
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Table 2.1- Details of the locations where regurgitated Tasmanian Masked Owl pellets were collected. Habitat details are for a 2 km radius

circle around the pellet collection point, extracted from the TASVEG mapping of Tasmania’s vegetation (Harris and Kitchener 2005). Note

that % native forest includes % dry eucalypt forest and % wet eucalypt forest. * First published herein, ? Geering (1990), ® Young (2006), *
Green (1982), ° Green and Rainbird (1985), ® unpublished data (C. Spencer), ” unpublished data (N. Mooney), ® unpublished data (N.

Brothers, per N. Mooney).

S
= > R R
° 0_3 x - X M rcn X M rcn x
Site Collection Dates o Y a c g 2 g 8 39 S 8 <
o | *| & E | 22| &332 |&3 %
g S
Howden ! Jul 2007, May 2008, Jun- ? u 17.8 1.6 33.7 334 0.0
Aug 2008 (all months
inclusive), Apr 2009, Oct
2009, Jan 2010
Allens Rivulet * | Nov 2009 — Jun 2010 (all 1 F 43.7 1.2 50.9 47.3 1.8
months inclusive),
Glen Huon * Mar 2006, Jun 2010 1 F 37.5 2.5 39.9 15.5 20.3
Bagdad * Jun 2010, Dec 2010 1 M 0.0 1.1 93.0 91.5 0.8
Sandford * Mar 2006 ? u 33.1 0.0 52.1 51.9 0.0
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R
P > R R
° 03 X oy X oy rcn N n (r:rl NN
Site Collection Dates o 4 a c g £ g 8 9 S 9 <

£ g S -3 - B - 38 ~

@ S
Bishopsbourne | Jun 2006 1 U 91.8 0.1 8.1 8.1 0.0
1
Sandy Bay ' Jun 2006 1 u 0.2 50.0 19.8 17.6 1.2
Taroona Oct 1982, Feb- Oct 2007 1 U 0.2 27.8 51.7 48.9 1.2
Crabtree * Jun 2006 1 F 65.7 1.4 27.0 21.6 5.4
Mountain Jun 2006 1 F 42.0 0.0 53.1 26.0 26.2
River 3
Pateena * Jan 1982 ? U 85.0 0.0 4.6 4.4 0.0
Triabunna® Nov 1980 1 U 0.70 0.20 97.5 97.5 0.00
Liffey © Jan 1987- May 1988 1-2 pair 74.12 0.00 23.08 4.85 16.92
Broadmarsh ’ Oct 1986, Aug 1988 ? U 60.81 0.00 38.84 37.95 0.00
Longford ’ May 1988 ? u 64.78 0.00 23.77 23.69 0.00
Waverley 8 Sep 1987 ? U 90.07 0.00 6.79 6.79 0.00
Granton © Feb 1980, Sep 1987 ? u 36.56 0.00 37.66 37.48 0.00
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Pellets considered to have come from Tasmanian Masked Owls were examined and
bones and other body parts were identified to species level where possible by
comparison with known reference specimens and assorted published references
(Green 1983; Triggs 1996). Material was then counted; counts represent the
minimum known number of individuals, usually based on the number of left and

right mandibles, crania and other identifiable bones.

To give an assessment of the biomass of prey that the owls were consuming, an
estimate of the weights of prey items was used. Weights of prey species were
estimated from weight ranges and means given in a number of different publications
(Green 1967; Green 1968; Green 1972; Marchant and Higgins 1993; Munks 1995;
Menkhorst and Knight 2001; Higgins et al. 2006; VVan Dyck and Strahan 2008).
Juvenile mammals were assumed to average 50% of adult weight. Where possible,
weights of Tasmanian populations were used. Animals regarded as being large
included rabbit, Tasmanian Pademelon, To account for the sizable variation in
weights between individuals a standardization procedure was conducted on the
weights following Southern (1954) and McDowell and Medlin (2009). A standard
prey unit was taken to be twenty grams of prey (Southern 1954; McDowell and
Medlin 2009) and the biomass of prey species was rated in terms of prey units. The

values used are listed in Appendix 2.1.

Data analysis
To assist in comparisons between sites a diversity index (Shannon’s Diversity
Index) was calculated for each site, using the minimum known number of

individuals scored for each pellet.

Multi-dimensional scaling ordination (MDS) was used to explore diet variation in
terms of abundance of prey items between sites using Primer 6.1.13 (Clarke and
Gorley 2005). The abundance data were standardized and a square root

transformation was applied to the data to reduce the influence of rare items before
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the ordination was conducted. The habitat data examined were collected from a two
kilometre radius circle around the pellet collection points, obtained from the

TASVEG vegetation mapping of Tasmania (Harris and Kitchener 2005).

Results

Diet composition

Across all the sites combined the Tasmanian Masked Owl had a diverse diet
(Shannon’s Diversity Index 2.45) consisting of 37 vertebrate species and three
invertebrate species. At particular sites, however, the diversity of prey was much
reduced (average Shannon’s Diversity Index 1.64) with a couple of prey types

usually dominating the diet (Table 2.2).

Mammals dominated all but one of the diet collections by abundance and by
biomass, measured in prey units (Table 2.3). They usually made up over 90% of the
identified items, with a maximum of 100% at Glen Huon, Mountain River,
Sandford and Liffey. The only collections where they made up less than 90% of the
diet were at Sandy Bay (85%), Taroona (77.9%), Triabunna (48.3%) and Waverley
(86.4%), where birds made up the remainder. However, at these sites mammals
usually still made up most of the diet by biomass (Sandy Bay 95.6%, Taroona
95.1%, Triabunna 85.2% and Waverley 67.7%). The Triabunna collection (Green
and Rainbird 1985) was the only one where birds were prominent in the diet
(42.9%). Most of the birds in this collection (94.3%) were the introduced Common
Starling (Sturnus vulgaris) (Table 2.2).

Larger species dominated the diet samples according to biomass while being less
numerous than smaller items. Species usually responsible for this were rabbit and
macropods including Tasmanian pademelon (Thylogale billiardierii). For example
at Allens Rivulet, the Tasmanian pademelon made up 9.4% of the diet by abundance

but 35.6% by biomass (Table 2.2 and Table 2.3). Tasmanian pademelon in the
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samples were usually juvenile although note that Young (2006) found one adult

macropod skull in a pellet.

Where pellets were collected from near nests, both sexes may have contributed
pellets to the collection (e.g. Green 1982). The pellets analysed by Young (2006)
from Crabtree and Mountain River were known to be from female owls, since both
individuals had been captured and measured. In the current study, pellets from
Allens Rivulet and Glen Huon were probably females on the basis of the observed
body size and foot size of the owls. The pellets collected at Bagdad were from a
probable male owl identified on the basis of its pale plumage colour and small foot

size.

Introduced species made up a large proportion of the diet at most sites (Figure 2.2).
Common introduced species in the diet included black rat, house mouse and rabbit.
The most common native species in the diet depended largely on the location. At
sites south of Hobart, the eastern barred bandicoot was usually the most common,
while in collections north of Hobart, native species were rare in the diet (Figure
2.2). Most prey were ground-dwelling but there were some interesting exceptions
where possums were relatively prominent in the diet including Sandford (common
ringtail possum (Pseudocheirus peregrinus), 27.6% of prey items), Liffey (common
ringtail possum, 22.2% of prey items) and at Bagdad (common ringtail possum,
little pygmy-possum (Cercartetus lepidus) and sugar glider (Petaurus breviceps),
together 14.9%) (Table 2.2 and Table 2.3). In terms of abundance in pellet samples,
rodents were usually prominent, ranging from a minimum of 7.4% of the diet at
Liffey, to a maximum of 95.2% at Bishopsbourne (Figure 2.3). In terms of biomass
consumed, rodents either ranked very high, if there were few larger animals in the
sample, or quite low if there were many larger animals in the sample. For example,
at Glen Huon, rodents made up 46.5% of the diet by abundance but only 12.6% of
the diet by biomass, because of the abundance of the larger eastern barred bandicoot
in the diet at Glen Huon (Table 2.3).
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The most common rodent in the diet was usually the introduced black rat and
occasionally the introduced house mouse. Black rat occurred in all but one
collection, house mouse occurred in all but two collections while the brown rat
(Rattus norvegicus) occurred in only three collections. Native rodents were usually

not present in the collections and were never dominant (Table 2.4).

Relationship between diet and landscape/environment

The relationship between the area of native forest existing near the collection point
and the proportion of native species in the diet was unclear. Sites that had little
native forest (Triabunna 10.0%, Bishopsbourne 8.1%, and Pateena 4.6%) and were
dominated by agricultural land usually contained low percentages of native species
in the diet (Triabunna 14.8%, Bishopsbourne 0% and Pateena 10.9%). However, the
only site with greater than 80% native forest (Bagdad 92.9%) also contained a low
percentage of native species in the diet, which was against the general trend. The
introduced black rat dominated the collections from here. The sites with the highest
proportion of native species in the diet (all south of Hobart), consisted of between
26-53% native forest (Figure 2.4). The forest at most of the collection sites was
almost entirely dry eucalypt forest with the exception of Liffey (17% wet eucalypt
forest), Glen Huon (20%) and Mountain River (26%). The birds’ diets at these sites

were similar to those at the other nearby sites that were mostly dry eucalypt forest.

Where native species were dominant in the diet it was the eastern barred bandicoot
that was the major diet species. Bandicoots (mostly eastern barred bandicoot) were
the major prey at Howden (34.4%), Allens Rivulet (55.5%), Glen Huon (43.7%),
Crabtree (34.0%) and were the second most abundant prey at Mountain River
(23.5%) (Figure 2.3). An MDS (non-metric multi-dimensional scaling) comparison
between the sites showed that there were distinct similarities between some of the

sites, mostly determined by the proportional abundance of bandicoots in the owls’
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diet. The sites south of Hobart were all quite similar to one another and the

proportion of bandicoots in the owls’ diet was high (Figure 2.5).

B % Native Species 0% Introduced Species

Figure 2.2- The percentage of the diet of the Tasmanian Masked Owl made up
native and introduced species.
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Table 2.2- Prey in collections of pellets, of the Tasmanian Masked Owl . Numbers refer to minimum number of individuals (MNI).
Source: 1 First published herein, 2 Geering (1990), 3 Young (2006), 4 Green (1982), 5 Green and Rainbird (1985), ® unpublished data (C.
Spencer),  unpublished data (N. Mooney), ® unpublished data (N. Brothers, per N. Mooney). (i) introduced species.
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Species - - o ) 7 - <
spotted-tail quoll
(Dasyurus maculatus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
eastern quoll (Dasyurus
viverrinus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tasmanian devil
(Sarcophilus harrisi) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
dusky antechinus
(Antechinus swainsonii) 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2
swamp antechinus
(Antechinus minimus) 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2
southern brown 5 1 2 1 0 0 0 0 0 2 0 0 0 0 0 0 24 35
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peregrinus)
Tasmanian bettong
(Bettongia gaimardi) 2 0 1 0 1 0 1 0 0 0 0 0 0 1 0 0 0 6
long-nosed potoroo
(Potorous tridactylus) 0 0 0 0 0 0 0 0 2 0 0 1 0 0 4 0 7 14
Tasmanian pademelon
(Thylogale billardierii) 2 12 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 18
Bennett's wallaby
(Macropus rufogriseus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
long-tailed mouse
(Pseudomys higginsi) 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 6 0 7
water rat (Hydromys
chrysogaster) 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 2
house mouse (Mus
musculus) (i) 8 1 10 0 3 90 1 187 6 55 0 4 0 1 20 7 29 422
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New Holland mouse
(Pseudomys
novaehollandiae) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
broad-toothed rat
(Mastacomys fuscus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
swamp rat (Rattus
lutreolus) 0 0 0 7 1 0 0 0 0 2 0 1 0 0 0 0 0 11
black rat (Rattus rattus)
(i) 5 6 14 12 2 84 3 3 17 26 10 38 0 18 47 4 38 327
brown rat (Rattus
norvegicus) (i) 0 2 0 0 2 1 0 0 0 0 0 0 2 1 0 0 0 8
rat species (Rattus sp.) 2 12 9 0 0 3 1 8 0 0 2 0 0 0 0 0 59 96
rabbit (Oryctolagus
cuniculus) (i) 2 4 0 4 0 0 10 0 23 20 0 14 15 7 22 0 42 163
brown hare (Lepus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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capensis) (i)
feral cat (Felis catus) (i) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
little forest bat
(Vespadelus vulturnus) 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2
southern forest bat
(Vespadelus regulus) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2
Gould's wattled bat
(Chalinolobus gouldii) 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
microchiropteran bat sp. 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1
unidentified large
mammal 17 12 0 2 0 0 4 0 0 0 0 0 0 0 0 0 0 35
unidentified small
mammal 0 5 1 0 0 7 0 2 0 3 5 0 0 0 0 0 0 23
unidentified bird (Aves
sp.) 1 1 0 0 0 8 0 0 0 0 1 19 0 1 0 0 5 36
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Common Blackbird
(Turdus merula) (i) 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Grey Fantail (Rhipidura
fuliginosa) 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 2
Common Starling
(Sturnus vulgaris) (i) 0 0 0 2 0 0 0 8 1 100 0 0 0 0 4 0 0 115
House Sparrow (Passer
domesticus) (i) 0 0 0 0 0 2 0 0 2 1 0 0 0 0 0 0 0 5
Brown Quail (Coturnix
ypsilophora) 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1
Satin Flycatcher (Myiagra
cyanoleuca) 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1
Collared Sparrowhawk
(Accipiter cirrhocephalus) 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1
Tawny Frogmouth 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
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(Podargus strigoides)
Masked Lapwing
(Vanellus miles) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 4
Eastern Rosella
(Platycercus eximius) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
Tasmanian Native-hen
(Gallinula mortierii) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
Australian Magpie
(Gymnorhina tibicen) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
moths (Lepidoptera) 0 0 0 0 0 1 0 0 0 20 0 0 0 0 0 0 0 21
bug sp. (Pentatomidae) 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1
Banksia longicorn
(beetle) (Paroplites
australis) 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1
TOTAL 61 128 71 53 17 235 29 208 55 240 20 86 0 0 0 0 0 1203
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Table 2.3- Percentage of diet of Tasmanian Masked Owl pellet collections in different parts of Tasmania. MNI refers to minimum number

of individuals identified in samples. %N refers to percentage by number in the total collection and % PU refers to percentage by prey unit

(20 grams) in the total collection.

Q
g g 2 g g g 3 g 2 7 g
S 38 g o = g 3 7 & o o
a o 3 o o —~ 3 )
@ e e & 3
Region o
South of Hobart mni 2 170 44 29 222 52 37 11 0 567
% N 0.35 29.98 7.76 5.11 39.15 9.17 6.53 0.00 1.94 0.00
%PU 0.07 38.38 5.36 27.58 10.87 12.24 5.37 0.00 0.12 0.00
Midlands mni 2 2 37 1 216 7 7 6 14 2 294
% N 0.68 0.68 12.59 0.34 73.47 2.38 2.38 2.04 4.76 0.68
%PU 0.31 2.82 6.12 2.36 58.55 15.75 2.88 0.19 11.01 0.00
North mni 1 13 23 7 290 60 3 0 20 0 417
% N 0.24 3.12 5.52 1.68 69.54 14.39 0.72 0.00 4.80 0.00
%PU 0.77 5.91 11.68 4.18 31.36 41.18 2.00 0.00 2.92 0.00
Hobart mni 0 5 4 1 55 14 5 0 22 0 106
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e
g 2 2 2 g | 2 5 z | @ 2 | g
: = ¢ S 8 s 2 2 | g 2| &
3. o 3 b 3 =4 3 v » g =
o o 2 o b7 - w
o @ & 3
Region o
%N 0.00 4.72 3.77 0.94 51.89 13.21 4.72 0.00 20.75 0.00
%PU 0.00 8.29 4.44 0.92 51.46 18.04 13.32 0.00 3.42 0.00
East Coast mni 0 3 14 1 90 30 7 0 103 21 269
%N 0.00 1.12 5.20 0.37 33.46 11.15 2.60 0.00 38.29 7.81
%PU 0.00 3.85 16.04 2.03 11.92 52.73 5.61 0.00 7.79 0.00
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Figure 2.3- The percentage of the diet of the Tasmanian Masked Owl made up by

bandicoots and rodents.

61



Chapter 2: Diet

Table 2.4- Proportion of different rodent species identified in diet. Percentage in

brackets is the percentage of total diet at that site that consisted of rodents. Based on

MNI (Minimum Number of Individuals) identified. (i) introduced species.

_ T
X < | - < c
= S = g 9| 3 3,
Q s Q . ® & N =3 [oX
= s O = Q. b & O 3 < 0}
g Z|5 3£ 2| 9 |3 S S =1
@\ ) 3 ol » Q 3 2. % @ Q) =
3 2|3 g = 3| € @ |& Q o =
S S5 & © “© o () 3| T - ®
= o 8 3 = > 3 €S o < S 2'
5 |5 M <S 2 § 3|5 58 7 8
= s S EE - 0y
= — = 2 o | = G S
= = ® -
=
Howden (24.6%) 33.3 0.0 0.0 0.0 53.3 | 0.0 13.3
Allens Rivulet (16.4%) 28.6 9.5 0.0 0.0 4.8 0.0 57.1
Glen Huon (42.4%) 42.4 0.0 0.0 0.0 30.3 | 0.0 27.3
Crabtree (35.8%) 63.2 0.0 36.8 0.0 0.0 0.0 0.0
Mountain River (47.1%) 25.0 25.0 12.5 0.0 37.5 0.0 0.0
Bagdad (74.7%) 47.2 0.6 0.0 0.0 50.0 | 0.0 2.2
Sandford (17.2%) 60.0 0.0 0.0 0.0 200 | 0.0 20.0
Bishopsbourne (95.2%) 1.5 0.0 0.0 0.0 94.4 | 0.0 4.0
Pateena (41.8%) 73.9 0.0 0.0 0.0 261 | 0.0 0.0
Triabunna (35.4%) 30.6 0.0 2.4 0.0 64.7 2.4 0.0
Sandy Bay (60%) 83.3 0.0 0.0 0.0 0.0 0.0 16.7
Taroona (50%) 88.4 0.0 2.3 0.0 9.3 0.0 0.0
Liffey (7.4%) 0.0 100 0.0 0.0 0.0 0.0 0.0
Broadmarsh (56.8%) 85.7 4.8 0.0 4.8 4.8 0.0 0.0
Longford (52.8%) 70.1 0.0 0.0 0.0 299 | 0.0 0.0
Waverley (72.3%) 235 0.0 0.0 35.3 41.2 | 0.0 0.0
Granton (53.2%) 30.2 0.0 0.0 0.0 23.0 | 0.0 46.8
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Figure 2.4- Percentage of native species in the diet of Tasmanian Masked Owl,
against percentage of native forest in a 2 km. radius circle around the collection

point. Diet estimated by abundance of items in pellets.
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Figure 2.5- Multi-dimensional scaling ordination of the diet of Tasmanian Masked
Owils (in terms of abundance) and the percentage of total diet consisting of

bandicoot species.

Discussion

Although the diet of the Tasmanian Masked Owl at the broad scale is highly diverse
(Mooney 1992), the results of this study indicate that individuals take specific prey
items at particular locations. A focus on particular food sources at a particular
locality is a common behaviour of raptors in general, and has been shown many
times in owls of different genera, including Tyto (Lundie-Jenkins 1993; Taylor
1994; Kavanagh 2002a; Debus et al. 2004; Wiley 2010). However, there is no
evidence to suggest that owls would discriminate between native species and

introduced species so long as the target prey was comparable.
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The dietary diversity of the Australian Masked Owl in different locations in New
South Wales has been found to be low, as in this study of the Tasmanian Masked
Owl. In south-east NSW, the diet of the Australian Masked Owl was found to have
a Shannon’s diversity index of 1.52 and on Central Coast NSW it had an index of
0.84, based on data tables within Kavanagh (1997). Dietary diversity is vulnerable
to the effects of scale. When looked at on a population scale it may appear high
(Mooney 1993), but when looked at on the scale of particular owls it will appear

low.

This study has shown that particular species within a family are more likely to occur
in the diet of the Tasmanian Masked Owl than others. For example, the eastern
barred bandicoot was far more likely to occur in the diet than the southern brown
bandicoot. The relationship between prey species diversity, prey availability and
diet is relevant to all vertebrate predators including the Tasmanian Masked Owl.
Tyto owls are sometimes described as “opportunistic generalists” in their feeding
behaviour (Bunn et al. 1982; Mikkola 1983), but in reality individual owls
concentrate their feeding on particular prey species, Taylor (1994) citing numerous
examples of this from studies across the world. At a particular locality there may
only be a select number of prey species that are abundant enough to provide a
regular diet for owls by virtue of their size, behaviour and micro-habitat
preferences. There have been numerous studies on the effect of small mammal
behaviour on their availability to predation by the Barn Owl (Brown et al. 1988;
Kotler et al. 1991; Shifferman and Eilam 2004; Stangl et al. 2005; Fux and Ailam
2009; Taylor 2009). Prey species that are of a less than perfect size or have
behaviours that make them inaccessible tend to be only rarely taken and contribute
little to the overall diet. In the case of the Tasmanian Masked Owl diet, the southern
brown bandicoot is probably taken less commonly than the eastern barred bandicoot
because of microhabitat preferences of the bandicoots (Hird and Hammer 1995;
Reading et al. 1996).
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Tyto owls throughout the world are predominantly predators of mammals
(Goodman and Thorstrom 1998; Charter et al. 2009; Debus et al. 2010; Schulz and
Magarey 2010; Wiley 2010) including the mainland subspecies of the Australian
Masked Owl in both disturbed (Kavanagh and Murray 1996) and relatively
undisturbed areas (Kavanagh 1996; Todd 2006). The only existing pre-European
evidence of Tasmanian Masked Owl diet suggests that mammals were the main
prey (Mooney 1993; Garvey 1999).

The Tasmanian Masked Owl was shown in this study to be principally a predator of
mammals. The diet of the Australian Masked Owl across its range has been shown
to be dominated by mammals with birds usually a distant second in importance
(Mooney 1993; Kavanagh 1996; Kavanagh 2002a; Todd 2006; Kavanagh et al.
2008a). This is usually the case whether considered in terms of biomass or in terms
of abundance. A rare exception is the collection from Triabunna where the Common
Starling was the most abundant species in the diet (Green and Rainbird 1985), and
also a report from near the Derwent River where the Common Starling was reported
to be very common in pellets collected from caves in the 1950s (Mollison 1999).
Rodents are often the most common item in the diet and have been shown to be
prominent in the diet of Australian Masked Owls in New South Wales (Kavanagh
2002a; Todd 2006; Kavanagh et al. 2008b) and Tasmania (Green and Rainbird
1985; Mooney 1992). In some studies native rats (usually bush rat) have been the
rodent most consumed (Kavanagh 1996; Todd 2006; Kavanagh et al. 2008a) while
in others introduced species (particularly black rat) have been the rodent most

consumed (Kavanagh and Murray 1996; Milledge et al. 2010).

In Tasmania, introduced rodents dominate the rodent component of pellet
collections (Green and Rainbird 1985; Geering 1990; Young 2006). This study has
confirmed the general importance of introduced rodents to the Tasmanian Masked
Owl. The bush rat, which has been shown to be important to the Australian Masked
Owl in parts of NSW, does not occur in Tasmania, thus is not available to the
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Tasmanian Masked Owl although the swamp rat is widespread and often common
(Hocking and Driessen 2000). The introduced black rat is probably the rodent most
similar to the bush rat, in terms of size and behaviour, in the dry forests of
Tasmania, and so may be filling the trophic niche in the diet of the Tasmanian
Masked Owl. The detailed distribution of introduced rodents in Tasmania is
unknown, but most of the pellet collections analysed in this study were from sites
within range of disturbance and hence probably an available source of introduced
prey. A high priority for future research should be the acquisition of samples from
remote areas- a not inconsiderable task nevertheless. It is an unfortunate reality that
most owl pellets are collected from places where people are most likely to find
them. Without tracking of individual owls and subsequent location of nest and

regular roost sites it will be difficult to obtain this quality of pellet collection.

There is a paucity of information on relative abundance of small mammals around
Tasmania. Most published information on Tasmanian small mammals is either local
(Taylor and Comfort 1993) or is broad state-wide distribution (Rounsevell et al.
1991). Specialist studies on some species including the swamp rat (Monamy 1995a;
Monamy 1996; Driessen 1998), long-tailed rat (Stoddart and Challis 1993; Monamy
1995b; Driessen 1998), New Holland mouse (Pye 1991; Lazenby 1999) are useful
in understanding the ecology of some of the species. There have been some studies
looking at forestry impacts (Flynn et al. 2011; Stephens et al. 2011). However, most
of the species studied have been those that seem to occur very rarely in Tasmanian
Masked Owl diet, in some cases, especially with the New Holland mouse, partly
because the species itself is rare and restricted in range. What does seem clear is that
many of the species prefer habitats with dense understorey which presumably makes
them more difficult for Masked Owls to catch. Essentially, there is little information
on the relative abundance of introduced small mammals (in particular black rat and
house mouse) in Tasmania. This emphasises the value of the indirect approach to
assessing small mammal presence via regurgitated pellets. A local trapping exercise

at favoured Masked Owl feeding sites (determined by accurate GPS datalogging)
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would be informative. Microhabitats frequented by owls for hunting could be
trapped and compared with microhabitats where hunting was apparently not taking

place. This would be a potentially valuable avenue for future research.

There may be a lower abundance of small mammals in dry forest habitats than on
the mainland. Certainly there are fewer common native species- two of the most
common, the bush rat and the brown antechinus, being absent in Tasmania. Both of
these species are prominent in the diet of Masked Owils in natural habitats on the
mainland (Todd 2006; Kavanagh et al. 2008a). The absence of these species could
explain why the black rat is more widespread in Tasmania than on the mainland. It
is unknown whether the introduced black rat simply occupied a vacant niche in
Tasmania or whether it forced its way in to the Tasmanian small mammal fauna at

the expense of native species.

The presence of larger animals in the diet (rabbit, bettong, pademelon etc.) of the
Tasmanian Masked Owl is potentially important due to the greater energy return
provided by the extra biomass. It is probable that the Tasmanian Masked Owl is
capable of killing prey by suffocation caused by compression of the thorax by their
powerful feet (Mooney 1992; Csermely and Gaibani 1998; Einoder and Richardson
2007). The common buzzard (Buteo buteo) has been found to be able to exert a
force of approximately 8 kg cm™, enough to cause death to mice via suffocation.
The common buzzard is comparable in size to the male Tasmanian Masked Owl
(Csermely and Gaibani 1998; Higgins 1999c), but is only 60% of the size of the
female Tasmanian Masked Owl and has considerably smaller feet (Mooney 1992).
Itis likely that the female Tasmanian Masked Owl has sufficient power to kill all

but the largest prey by thoracic compression.

A sizable proportion of the diet has been shown to be made up of prey larger than
rodents (rabbit) in one study on the mainland (McNabb et al. 2003). In Tasmania,

larger prey has been shown to be important in the diet of owls at a number of sites,
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including rabbit (Hill 1955; Green 1982; Mooney 1993)(Hill 1955; Green 1982;
Mooney 1993), Tasmanian pademelon and eastern barred bandicoot (Young 2006).

In the current study, all three of these species were important at one site or another.

However, it is not known what proportion of large prey is actually consumed.
Smaller animals, certainly rats, are consumed entirely, as evidenced by observations
and the large number of bones and body parts found in regurgitated pellets (M.K.T.
pers. obs.). The only published observation of a wild Tasmanian Masked Owl
feeding on freshly killed large prey was from the 1950°s (Mollison 1999). The
Tasmanian Masked Owl was the major predator on rabbits in fenced enclosures in a
study by the CSIRO in the Tasmanian Midlands between 1954 and 1959. “They
stood on the rabbit and ate from the neck and back of the skull, and were never seen
to open the body cavity or peel the skin...” (Mollison 1999). It is probable that the
Tasmanian Masked Owl leaves a proportion of their large prey behind, so any

measure of biomass based on the entire weight of animals could be misleading.

Male masked owls are usually considerably smaller than females (Mooney 1993;
Higgins 1999c¢) and all studies to date indicate that they take smaller prey than
females (Mooney 1992; Todd 2006). This means that females have a wider range of
potential prey species available to them than males, which could have implications
for breeding masked owls. For a period of approximately six weeks the female owl
remains almost completely in the nest while there are eggs and nestlings present, the
male provisioning the female (Fleay 1949; Hill 1955), the nestlings and himself.
The dilemma for the female of whether to brood the young or begin hunting herself
has been examined in the Barn Owl in Canada (Durant et al. 2004). The reinitiating
of hunting by the female was found to occur at about the same time as the male food
provisioning was no longer matching nestling food requirements. In 2006, a nest
tree containing an adult female, an egg and a nestling Tasmanian Masked Owl was
felled near Railton in northern Tasmania. The carcasses of house mouse and black
rat were found in the nest cavity, almost certainly the product of predation by the
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male of the breeding pair (DPIPWE 2006). An abundant source of small to medium
sized prey that the male is capable of catching is probably required for masked owl

breeding success.

The effect of sexual differences in prey selection should be taken into account in
assessing diet studies. The sex of the owl responsible for depositing pellets is
sometimes not known or not recorded (Green and Rainbird 1985). Where the sex of
the Tasmanian Masked Owl has been noted as female, large prey has generally been
identified in the pellet collections (Mooney 1993; Young 2006). The relative
abundance of Tasmanian pademelon and eastern barred bandicoot in the collections
from Crabtree, Mountain River (Young 2006), Allens Rivulet and Glen Huon (this
study) fits with the hypothesis of the larger female owls taking larger prey. Mooney
(1992) used the gut contents of known sex museum specimens to compare diet

between the sexes and found that females were more likely to take larger prey.

The only near-certain male owl from which pellets were collected was the owl from
Bagdad, which preyed upon mostly small prey, predominately rodents. Small
arboreal mammals including sugar glider, juvenile common ringtail possum, little
pygmy-possum and microchiropteran bats also occurred in the diet of this owl.
Arboreal animals are typically rare in the diet of the mainland Australian Masked
Owl, where other large forest owls tend to exploit this prey resource (Kavanagh
2002a).

It would be interesting to know whether the diet of the Tasmanian Masked Owl
from areas dominated by wet eucalypt forest differs greatly from those residents in
dry eucalypt forest. The effect of elevation on Tasmanian Masked Owl diet would
also be of interest. Unfortunately, the low abundance of Tasmanian Masked Owl at
higher elevations and within wet forests (M.K.T. pers. obs.) and the likely lower

persistence of pellets make collections in these areas difficult.
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A seasonal analysis of Tasmanian Masked Owl diet in the future would also be of
interest if and when such a collection becomes available. At the time of writing,
insufficient collections exists for this type of analysis. Many of the pellets collected
in this study may have been up to years old and could not be assigned to a season.
The date of collection does not necessarily relate to season of production as a pellet
can last on the ground for many months in the open and for years when protected in
a dry situation such as a cave or building. Only a small percentage of pellets were
collected fresh and could be assigned to a season. It was not possible to return to a
pellet collection site and collect regular samples as the owls did not use regular
roost sites continuously. There were long periods of absence between owl
occupation at roost sites. It is probable that the breeding of the Tasmanian Masked
Owl will be found to coincide with the time of year when there are an abundance of
juvenile mammals available, particularly where they feed upon eastern barred

bandicoots.

The abundance of the eastern barred bandicoot in the diet of the Tasmanian Masked
Owl at sites south of Hobart has not been reported previously. The eastern barred
bandicoot has been shown to occur in high numbers in the Huon Valley (Mallick et
al. 1998) near the Glen Huon pellet collection site. The bandicoot previously
occurred in good numbers near the Bagdad pellet collection site (Mallick et al.
1997) but is now locally extinct (Mallick, pers. comm.). Eastern barred bandicoots
may be a common component of the diet of females where available, possibly
because of their habitat preferences and/ or behaviour. Male Masked Owls however,
may be more likely to concentrate predation on rodents and small possums (gliders,
pygmy-possums), even when bandicoots are present. However, prey selection is
probably more complicated than simple abundance and availability of prey animals

given that juvenile bandicoots are not much larger than rodents.

The eastern barred bandicoot is virtually functionally extinct on the mainland

(Reading et al. 1996) and has declined through large parts of Tasmania, particularly
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through the midlands (Robinson et al. 1991). The presence of the bandicoot in the
1990’s was found to be associated with high quality agricultural land with deep
soils and high rainfall (Driessen et al. 1996). Its preferred habitat contains open
grassy areas for foraging and available ground cover for protection from predators.
It has been suggested that previously unsuitable, heavily forested areas in parts of
the south-east, north-east and north-west have been opened up by clearing for
agriculture creating new areas of potential habitat. Its original habitat would
probably have been grassland and grassy woodland through the Tasmanian
midlands, where the eastern barred bandicoot was rare and patchily distributed
(Mallick et al. 1997) in the 1990s and is now believed to be virtually extinct
(Mallick, pers. comm.). If the range of the eastern barred bandicoot has changed in
the south-east of the state over the last couple of hundred years, it is possible that
historic collections of Tasmanian Masked Owl pellets from pre-European times

might be able to demonstrate this.

Owl pellet deposits have been shown to survive for hundreds of years when
protected within caves (Andrews 1990; Kusmer 1990). It would be of interest to
compare recent pellet deposits with historic deposits in south-east Tasmania. Owl
pellets have been used in this way to determine ecological change over long time
periods in other parts of the world (Avery 1991; Bilney et al. 2010; Boyer et al.
2010). A comparative study would also shed light on which rodent species were
important to the Tasmanian Masked Owl in the absence of the introduced rodents

that currently dominate the rodent component of the diet.
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Appendix 2.1- Weights of prey species and calculated prey units.

prey
Scientific Name Common Name Reference weight units
Antechinus swainsonii Dusky Antechinus (Green 1972) 53 2.65
Antechinus minimus Swamp Antechinus (Green 1972) 67.75 3.3875
Sminthopsis leucopus White-footed Dunnart (Green 1972) 28 1.4
Southern Brown
Isoodon obesulus Bandicoot (Van Dyck and Strahan 2008) 755 37.75
Perameles gunnii Eastern Barred Bandicoot | (Van Dyck and Strahan 2008) 990 49.5
Common Brushtail
Trichosurus vulpecula Possum (Van Dyck and Strahan 2008) 4000 200
Cercartetus lepidus Little Pygmy-Possum (Van Dyck and Strahan 2008) 8 0.4
Cercartetus nanus Eastern Pygmy-Possum (Van Dyck and Strahan 2008) 24 1.2
Petaurus breviceps Sugar Glider (Van Dyck and Strahan 2008) 127.5 6.375
Pseudocheirus peregrinus | Common Ringtail Possum | (Munks 1995) 995 49.75
Bettongia gaimardi Tasmanian Bettong (Menkhorst and Knight 2001) 1660 83
Potorous tridactylus Long-nosed Potoroo (Menkhorst and Knight 2001) 1100 55
Thylogale billardierii Tasmanian Pademelon (Menkhorst and Knight 2001) 5450 272.5
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Hydromys chrysogaster Water Rat (Van Dyck and Strahan 2008) 680.5 34.025
Mus musculus House Mouse (Van Dyck and Strahan 2008) 20 1
Pseudomys

novaehollandiae New Holland Mouse (Van Dyck and Strahan 2008) 23 1.15
Mastacomys fuscus Broad-toothed Rat (Green 1968) 122 6.1
Rattus lutreolus velutinus | Swamp Rat (Green 1967) 105 5.25
Rattus rattus Black Rat (Van Dyck and Strahan 2008) 280 14
Rattus norvegicus Brown Rat (Van Dyck and Strahan 2008) 320 16
Rattus sp. Rat species 300 15
Oryctolagus cuniculus Rabbit (Van Dyck and Strahan 2008) 1580 79
Lepus capensis Brown Hare (Van Dyck and Strahan 2008) 3350 167.5
Vespadelus vulturnus Little Forest Bat (Van Dyck and Strahan 2008) 4.05 0.2025
Pseudomys higginsi Long-tailed Mouse (Green 1968) 67 3.35
Aves sp. Bird species 50 2.5
Turdus merula Common Blackbird (Higgins et al. 2006) 86 4.3
Unidentified large

mammal 500 25
unidentified small

mammal 250 12.5
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Grey Fantail (Higgins et al. 2006) 8.6 0.43
Sturnus vulgaris Common Starling (Higgins et al. 2006) 80.75 4.0375
Passer domesticus House Sparrow (Higgins et al. 2006) 27 1.35
Coturnix ypsilophora Brown Quail (Marchant and Higgins 1993) 115.5 5.775
Myiagra cyanoleuca Satin Flycatcher (Higgins et al. 2006) 17.8 0.89
Swift Moth (Hepialoidae) | Swift Moth (Hepialoidae) 1 0.05
Bug (Pentatomoidae) Bug (Pentatomoidae) 0.05 0.0025
Accipiter cirrhocephalus Collared Sparrowhawk (Marchant and Higgins 1993) 172 8.6
Paroplites australis Beetle- Banksia longicorn 0.05 0.0025
Microchiropteran species Bat unident. 5 0.25
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Chapter 3 : Calling behaviour of the Tasmanian Masked

Oowl

Authors: Michael K. Todd, Rod P. Kavanagh, Mark Hindell

Abstract

An understanding of the calling behaviour of nocturnal birds is critically important
for their detection. The Australian Masked Owl is most commonly located by call
playback surveys that prompt calling responses by resident owls, yet Masked Owl
calling behaviour remains poorly understood. We present a detailed analysis of the
calling behaviour of the Tasmanian subspecies of the Australian Masked Owl (Tyto
novaehollandiae castanops) with a number of goals, to (1) describe the vocal
repertoire of the species, using spectrograms, (2) examine differences in relation to
plumage colour morph, sex, age and individual variation to consider the prospects
for identifying individual birds, and, (3) examine environmental and temporal
effects on calling behaviour. Three types of calls were identified - screech,
continuous screech and chatter calls. The Tasmanian Masked Owl was found to
produce a deeper (lower frequency) screech than mainland Masked Owls. Adult and
immature Masked Owls produced different screech calls, while paired male and
female Masked Owls produced different chatter calls to each other. Comparison of
the chatter calls between individuals suggested that these types of calls may be used

to identify individual owls via this non-invasive call playback survey technique.

Introduction

The vocalisations of birds are central to an understanding of bird behaviour and
communication (Catchpole and Slater 2008), as well as to the effectiveness of bird
surveys. The calling behaviour of nocturnal birds, such as owls, is particularly

important since individuals spend a considerable period of time not visible to each
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other, or to researchers. This is not only because they are active at night but also
because they often have large territories and are mostly solitary (Burton 1992).
Survey techniques for cryptic and rare bird species have made use of calls, either
through listening for them or via the playback of calls to attract the target species
(Johnson et al. 1981; Marion et al. 1981; Kavanagh and Peake 1993b; Stern et al.
1993; Prescott et al. 2002). The use of the call playback technique to locate
nocturnal birds has revolutionised the study of such species (Kavanagh and Peake
1993a; Parker et al. 2007; Doucette 2010; Kissling et al. 2010) and it has become
one of the standard techniques for locating owls.

The Tasmanian Masked Owl is a rare species because of a combination of low
overall abundance (Bell et al. 1996), large territory size (Young 2006) and being
rarely observed (Barrett et al. 2003), despite its wide distribution in Tasmania. It is
usually regarded as the largest of the world’s barn owls (Tyto) (Konig et al. 2008),
although it is comparable in size to the female Sooty Owl (Mooney 1992). It is
listed as endangered under the Tasmanian Threatened Species Protection Act 1995,
vulnerable in the Environment Protection and Biodiversity Conservation Act 1999
and as endangered in the Action Plan for Australian Birds (Garnett et al. 2011a).
Previous estimates of population size have included 200-400 breeding pairs (Bell
and Mooney 2002) and 1300 mature individuals (Garnett et al. 2011a). Much of its
core distribution overlaps with areas subject to production forestry (Bell and
Mooney 2002) and research into its distribution, behaviour and ecology will help in
understanding its conservation requirements. Call playback has become a standard
census technique for the species (Kavanagh and Bamkin 1995; Bell et al. 1996;
Debus 2001; Loyn et al. 2001a; Cann et al. 2002; Liddelow et al. 2002; Mclntyre
and Henry 2002; Parker et al. 2007). The calls of subspecies of the Australian
Masked Owl have yet to be described gquantitatively, in part because the Masked
Owl is usually the rarest of the owls wherever it occurs in Australia, according to

surveys for it (Kavanagh and Bamkin 1995; Kavanagh et al. 1995; Kavanagh and
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Stanton 1998; Debus 2001; Liddelow et al. 2002). Combined with its rarity the
Australian Masked Owl is generally silent, usually only calling on a few occasions a
night (Kavanagh and Murray 1996). Debus (1995) and Kavanagh (1997) examined
the frequency of calling of large forest owls, including the Australian Masked Owl,
and both reported only rarely detecting the Australian Masked Owl from its call
without having first prompted it using call playback. Spectrograms of the species
have only been published three times; a single screech call from an owl in NSW
together with a chatter call from a captive bird at Featherdale Wildlife Park, Sydney
in 1990 (Kavanagh 1997) as well as a screech call from a captive female owl from
Healesville Sanctuary, Victoria by Ed McNabb in 1988 (Higgins 1999c).

The most common call described for the Masked Owl is the screech, often
described as a deeper (lower frequency) and louder version of the rasping hiss of the
Barn Owl (Debus 1990; Debus 1995; Hollands 2008).The second most commonly
noted call of the Masked Owl is the chatter, sometimes described as a cackle. The
screech and chatter calls are produced by both sexes, with an extended form of the
chatter thought to be used as a courtship call, given by males flying in circles high
above tree canopy near the nest tree (Higgins 1999c). Other calls described in
Higgins (1999) and Hollands (2008) are probably related to communication

between a pair and/or offspring in close proximity.

The effects of environmental variables on owl calling behaviour have been studied
but remain inconclusive. Wind and rain have often been found to have a negative
influence on detectability and calling behaviour of owls (Morrell et al. 1991;
Kavanagh and Peake 1993b; Debus 1995). Higher ambient air temperatures have
been found to have a positive effect in some studies (Clark and Anderson 1997) but
not all, with some studies reporting no effect (Kavanagh and Peake 1993b; Rocha
and Rangel-Salazar 2001). Similarly, moonlight has had a positive effect with some
owls (Morrell et al. 1991; Clark and Anderson 1997) and no effect with others
(Clark and Anderson 1997; Braga and Motta Jr. 2009). In Australia, the Powerful
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Owl (Ninox strenua), Sooty Owl (Tyto tenebricosa) and Australian Masked Owl
have all been found to be unaffected by moon light (Debus 1995; Kavanagh 1997)
during call playback surveys. However, the smaller Southern Boobook (Ninox
novaeseelandiae) has been shown to be negatively affected by moon visibility by
some researchers (Kavanagh and Peake 1993b) and unaffected by others (Debus
1997).

Little effect of season on owl calling or response to playback has been noted in
Australian large forest owls (Kavanagh and Peake 1993b; Debus 1995; Kavanagh
1997). Kavanagh (1997) heard the Powerful Owl (Ninox strenua) slightly more
often in winter-early spring in north-eastern New South Wales, and the Australian
Masked Owl was heard more often during late spring-summer in south-eastern New
South Wales. Debus (1995) found that large forest owls could be induced to call in
virtually all months of the year, only the intensity of calling varied. Most records of
breeding in the Tasmanian Masked Owl have been from spring to early summer
(Mooney 1997); this could conceivably increase calling rate, signaling the start of
breeding.

The use of calls to identify gender in nocturnal birds has been demonstrated in a
number of species including the Marbled Frogmouth (Podargus ocellatus) (Smith
and Jones 1997), Powerful Owl, Sooty Owl (Kavanagh 1997) and Barred Owl (Strix
varia) (Odom and Mennill 2010), but not yet in the Australian Masked Owl.
Differences in the Australian Masked Owl according to gender have been suspected
based partly on body size and call frequency (R. Kavanagh, pers. comm.). The male
of the Australian Masked Owl has been reported to produce an extended and
continuous version of the chatter call during his courtship display (Kavanagh 1997).
Australian Masked Owils can occur in a range of different colour morphs from dark
to pale. Pale morphs are usually male, possibly always male (Hollands 2008). In the
Australian Masked Owl dark morphs are more common in southern Australia,

particularly so in Tasmania (Skemp 1955; Higgins 1999c). The relationship between
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Masked Owl colour morph and gender could provide insight into gender
differences, abundance and demography and thus the behavioural significance of the

calls.

The use of calls to identify individual owls has been demonstrated in a number of
owl species, especially in the genus Strix from the Northern Hemisphere (Galeotti
and Pavan 1991; Appleby and Redpath 1997b; Hill and Lill 1998; Freeman 2000;
Delport et al. 2002; Tripp and Otter 2006; Grava et al. 2008; Rognan et al. 2009).
The calls of the African Wood Ow!I (Strix woodfordi) have been shown to be
individually consistent and identifiable over decades (Delport et al. 2002). To date,
individual distinctiveness of calls has not been shown in owls of the genus Tyto.
Individual identification of Australian Masked Owls would have significant
potential for non-intrusive monitoring of longevity, breeding and foraging ecology.
In this study we examine the calling behaviour of the Tasmanian Masked Owl as
part of a broader study of the distribution, abundance and habitat preferences of the
Australian Masked Owl in Tasmania. Apart from describing the calls of the

Tasmanian Masked Owl, the hypotheses that we will test include:

e the Tasmanian Masked Owl has measurably different calls to the mainland
Australian Masked Owl.

e environmental variables, including in particular wind and air temperature
can influence Tasmanian Masked Owl calling behaviour.

e Tasmanian Masked Owl calling rate increases in winter.

e Tasmanian Masked Owls can be aged and sexed by its calls.

e There is a relationship between olour morph of owl and calls given (related
to relationship between sex and calls given).

o call analysis could be used to identify individual owls.
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Methods

One thousand and eighty-four call playback surveys of the Tasmanian Masked Owl
were conducted between 2007 and 2009 at 341 sites across Tasmania (Figure 3.1).
Most of these sites were selected as part of a broader study into the distribut