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Abstract

The introduced house mougdys domesticyscauses significant economic damage to

Au st ragricultera enterprisegocussing om keynativepredator of mice, the eastern
barn owl Tyto alba delicatul we piloted a manipulative rodent biocontrol study as part of
the Great Southern Ark project on the southern Yorke Peninsula (SYP). Here, we aimed to
evaluate existing eastern barn owl popolasi formulate an appropriate pa®unted nest

box design to enhance barn owl hunting capacity, and trial a novel method of monitoring prey
intake. Premanipulation owl densities averag2d 4 owls per 1000 hectaredf the 11 nest
boxes installed, 55 peent were colonised within one month, and 82 percent were colonised
within seven months. Occupied nest boxes were actively used by paired owls for
reproduction, resulting in up to 35 observed fledglings. A total of Batvestegrey items,

of which 78 pecent were the target prey, were recorded. Relative mouse abundance
correlated with expected seasonal markers, rising from February to a peak of 116 active
burrows per hectare in April, and steeply dropping into winter. Barn owl prey intake and
energy reginements followed a similar treraf change4o mouse abundance. The highest
number of prey items captured witHid daysat one sitavas 229. The trail camera

monitoring system was successful at capturing impokant owlreproductiveand
behaviouramilestones throughout the study, however accuracy of prey intake and prey
identification was closely related tmstandardizedamera settings and placement, with
significant room for refinement in future studies. Barn owl numbers were not intentionally
manpulated to effective densities in this study, however we noted significantly fewer active
mouse burrows in grazed than rgrazed paddocks, which could have further beneficial

implications for ecologicaliyntegrated management of rodent pests.
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1. Introduction

Rodent pests comprise an estimated 7% of the 2277 total rodent species recorded globally
(Capizziet al. 2014). Their role as a vector of disease (Perry & Fetherston 1997; Meetburg

al. 2009) and their ability to displace or threaten naspecies (Witmeet al. 2014; Smithet

al. 2016) has been well documented. Internationally, rodent crop damage has been estimated
to cost tens to hundreds-millions $USD annually, and is often a primary limiting factor
impacting crop yield (Stensetét al 2003; Baldwinet al. 2014; Capizziet al. 2014). In
Australia, plagues of feral house middus domesticusjeaching 806 1000 individuals per
hectare, have been attributed to their flexible reproductive strategies, low competition,
suitability to cropjng regions and locally low disease burden. These eruptions have been
occurring at intervals of 3:3 years across the coeta00y,6s whe
Singletonet al. 2005) and can result in losses of up to $AUD60 million annually (Brown &
Singleton 2000). These losses are the result capdgpost seed consumption, contamination

of stored grain and crop damage following sowing (Singletai 2005; Capizzet al.2014).

Mitigating the effects of rodent pests globally has proven to be difficult, unsustainable and
costly. Longterm use of rodenticiddsthe leading method of rodent contfohas resulted in
significant economic losses, especially for developing regionsn{g&ibet al. 2006), non

target species mtality (Cox & Smith1990) and physiologicalThijssen1995)or behavioural
(Bruntonet al 1993) poison resistancehich has been observed in mfodlowing ingestion

of sublethal doses of zinc phosphif@Brown et al. 2002) Habitat modification can slow but

not prevent rodent outbreaks (Brownhal. 2010), and research into immunocontraceptive or
disease methods may not be feasible unless altarget impactsan be eliminated (Redwood

et al 2008).

A more pomising area of research is the implementation of ecologibated integrated

management systems (IMS), which encompasses elements of these methods with an increasing
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understanding of complex rodent ecology, behaviour and movefiakiundiet al 1999

Singletonet al 1999.

An important and often overlooked aspect of rodent ecology is avian pre(iatosset al.
2016 Krijger et al 2017. Raptors exist naturally where rodent populations occur and their
positive relationship with agricultural sgshs has been noted since asrel y as t he 1
(Kronenberg2013). Most raptor biocontrol studies have occurred in the past 35 years, and are
typically divided into two main categories; manipulative studies, which attract the target
predator to the studyite with nesting or perching resources; and -nmamipulative,
observational studies, set up to identify predgi@y relationships (Labuschagetal.2016).

Raptor impact is typically assessed by prey composition (pellet analysis), measures of crop
damag, and changes in rodent abundance (rodent trapping success). Using these measures, the
29 studies reviewed by Labuschagateal. (2016) demonstrated an aver&f6%decline in

trapped rodents and a 7.6% decrease in crop damagee Tanipulative studie®und a
combined %-fold decrease in rodent abundance following avian predator manipulation

(Ducket1991; MunozPedrero®t al.2010; Pazt al.2012)

These studies, however, demonstrated a lackitber replicable experimentareatments,
controls, standardisation of variables or length of study. Changes in rodent abundance were
attributed to raptor presence but failed to address more significant variables, such as rodent
food abundance (Labuschageteal. 2016). The nature ohese field studies made evaluating
predator effectiveness difficult to accurately measure, suggesting that alternative methods may
be necessary to further this field of researthparticular, establishment afmeasure of prey
intake, matched to a suibkde native avian predatopreferablyone with anatomical and

behavioural attributes bestited to the target prey.

Prior to 2018, no manipulative study using a nocturnal avian species to target the nocturnal

nature of house mice had been undertakenustralia.Australian observational studies have
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focussed primarily on the effects of avian predation on house mice population regulation
(Sinclair et al. 1990); mouse ssize, age and sex dynamics; and predator preferences for
subordinate and weaker rodent individuals (Dickn&nal. 1991). The only published
manipulative study in Australia used perches to attract two native diurnal raptors, nankeen
kestrels and blackhoudered kites, to soy beanogrs in NSW (Kaet al.2004). Contrastingly,
outside Australiathe barn owl Tyto albg hasbeen the focus d86% of all raptor studies

(Labuschagnet al.2016).

Australiads n aedsievbarn @v{llyto albadeleatulg ,Gould h1837)Parker
1977)would make an ideal candidate focamparativemanipulative study in Australiasit
canflourish in agricultural landscapes wheoglent prey is abundant (Baxte995) and nesting

sites are available (McLaughlit®94). Over 90% of he e a st e rdiet cdnsisisrof o wl 0 s
introducedhouse mice (Mortin & Martii979; BaketGabb 1984; McLaughlii994) but it is
capable of eatingther speciespportunistically if mouse numbers are low (Toeesl. 2005;

Avery et al. 2005; Kitowski2013) and fly up to 1@m from a roost to hunt (Hyed9386. It is

able to produce up te8clutchesannuallywhen food is abundant, and reaskexual maturity

95 cdhys after hatching (McLaughlii994). Owlets grow rapidly, with higher ergy
requrements than adults (McLaughlin 1994; Durant & Handdi®®8). In natural settings,
barn owls nest anvarage 1.4 km apart (McLaughlin 1994; Wendt and Joh28aii) but can

live in much higher densities if food is abundavitLaughlin 1994 M. Browning unpublished
data,2017. Thus, if a sound method of evaluating prey intake and rodent pest impacts could
be determined, manipulation of barn owl numbers could be optimised for inclusion into

ecologicallybased integrated management systems.

INAustr al i a Gasteribérrecavis ardlienitet! primarily by the availability of suitable
nesting cavitiesTheseregionsaredominated by mallee scrub, characterised by sparse, mostly
cleared, narrowirunked Eucalyptusdominated habitatsand inhabted by competingcavity
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nesters such as gatliEolophus roseicapillp and brushtailed possums(Trichosurus
vulpeculg (McLaughlin 1994 and feral honey bee#\fis melliferg, which can negatively
impact nesting success by barn ovdhérteret al 201(a). By providing nesting cavities and
perching spaces to the native barn owl on maiftected properties, its huntimgnpactcan be
greatly increasedHowever, some previous nest box studies have had serious negative
implications for barn owl welfare and reproduction, likely due to human factors (Martin 2009)
and nesbox design faults (Kleiret al. 2007). Additionally, only a select few studies have
discussed the digg and positioning of nest boxes, with regards to temperature control, safety
to owlets, ventilation and ease of access for researchers and landholdefisaatikeechtset

al. 2012)

At the time of writing, the Northern and Yorke Natural Resources Mamagt Board is

working with stakeholders to implement plans for the Great Southern Ark Rewilding project.

The aims of this project are to repopulate areas of the southern Yorke Peninsulahof So
Australia wi loshnativédh fiora are dhigldymedastive native fauna, whilst
eliminating destructive invasive species. As
pilot study on barn owl s, one of the Rewildi
to: (i) design a nest box for eagt barn owls, which would be readily colonised by the target
species, support reproductive success and ease of monitoring amtri@la novel method of

evaluating the effectiveness of nest boxes at reducing mice numbers, by means of a minimally
invasive trail camera, installed near the nest box to observe the owls, their behaviours and prey

intake The methods and findings of this study are documented and discussed in this thesis.

2. Methods and Materials

2.1.Study area and site selection
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Thestudy took place between November 2017 and August &C8tal of eleven sites (Figure

1) surrounding the towns of Warooka and Point TurtosauthernYorke Peninsula, South
Australia 84.99° S, 13A0° E). These sites covered an area of agpnately 12 km x 12 km.

The area has a sesaiid, Mediterranean climatevith hot, dry summers and cool, wet winters.

The region is fland exposedn some places gently undulating, where the small townships
intersperse large, mostly cleared farming enterpri@egscontain common grains or legumes
often rotated with livestock or fodder crops. Remnant scrub, characterised by native grasses,
low-growing mallee Eucalyptusspp.) andCasuarinasp., exists on road verges amtdbreaks

The study area is bordered to the east by a large saBiparocations details are described in

Figure 1 and Table.1
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Figure 1. The locations of nest box sit8& (o S11) within the study area of the Southern Yorke

Peninsula, South Australia. Easite represents one nest box and a mouse survey site, located nearby.
The sites werpositioned on 9 propertiesferedfor studyby 7 volunteer landholders, and selected

based on their juxtaposition to trees > 5 m tall, proximity to representative mousg sitegO

1000 m) presence of a stone pile for future studies, vehicle accessibility, crop fypasing on

wheat or barlegrops distance from main road®1 km), and seasonal climatic patterns. Sites were
approximately > 1.4km apafhreesites (1, 5 and 8) were chosen within a scrub/revegetatiorasite

these were the only suitable sites available on each donated property with adequate tree coverage and
vehicle accessThe rest were selected at the edge of fields amongst eucalyptusianireas

windbreaks.
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Table 1. Site details, including coordinates, distances and directions to the closest field and mouse
survey sites, and field usage during the study period.

Site no. Coordinates Distance to Direction  Distancefrom  Direction to Field type during
closest field to field mouse survey mouse study
site survey site
S1 34°58'14.00"S 137°24'24.00" 152m SW 160 m SW Barley
S2 35° 0'48.00"S 137°26'7.00"E 4m w 12m W Barley
S3 35° 0'41.89"S 137°27'25.25"t 10m SWW 30m NW Sheep (Vetch)
S4 35°1'15.69"S 137°25'48.83"E 25m NE 80m NE Sheep (Vetch)
S5 34°58'3.00"S 137°19'52.00"E 140 m NE 135m NE Barley
S6 34°57'42.59"S 137°21'53.44" 4m W 130 m NE Barley/Sheep
(lentils)
S7 34°59'19.00"S 137°22'40.00" 27 m W 30m W Barley
S8 35° 1'42.90"3137°22'45.31"E 30m N 950 m SWwW Cattle/Barley
S9 35° 2'14.67"S 137°22'22.53"t 14 m NE 30m N Cattle,
Sheep/Barley
S10 | 34°57'59.26"S 137°23'19.09" 60 m SW 250m SE Wheat/Barley
S11 | 35° 2'55.00"S 137°23'32.00"F 5m W 160m NE Sheep
(Vetch)/Barley

2.2.Assessing premanipulation barn owl abundance

Known barn owl populations living within Warooka and farm buildings were reported by
landholders. However, in November 2017, prior to installing the nest boxes, we performed a
preliminary owl census survey to obtain an estimate ohmagipulation owl denses. The

survey was carried out at night by spotlighting from the back of a utility vehicle (ute). Owls
were counted within a 180° arc across the front of the vehicle. Vehicle speed was set at 15
km/hr from a set point, covering a distance of 2 km fargwi.00 ha observed (Bloomfield
1999). For standardisation, these transects were performed across 3 consecutive nights (~28
km / night) to produce an index of owl numbers. Transects were driven within the same hour
after sunset and on nights when the weathas clear (Saundeet al. 1995). A total of 3
different spot lighting transects were assessed along three roads runnwwgsastthis region,
representing 3 different biomes (a, b, c¢) within the study area. Owl abundance was calculated

in owls perhectare.
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2.3.Nest box design and orientation

The barn owl nest box used in this study was developed by assessing barn owl nest box designs

from published overseas studies under the supervision of a South Australian native fauna nest

box manufacturing coma n vy ,

A

FauNatur e E .

The studi

€s

r ef

and suitable pole height are listed in Table 3. The dimensions of natural hollows as reported by

McLaughlin (1990) were also considered. Choicecofstruction materialplywood) was

basedon findings by Wendt & Jolson (2017) that barn owls were sevines more likely to

colonise wooden nest boxes than plastic.

Table 2.A summary of published literature containing details of nest box design, locations, heights

from the ground and colonisan rates

Source Location Height x width x Entrance Height from Colonisation rates
depth hole size ground
Marti etal.(1979) | USA (northern 43cmx56cmx 25cmx33 900 cm 50% occupancy in the
Utah); crops 56 cm cm first year and 80%
occupancy in theecond
year.
Taylor et al. Scotland (91 Ldrums) 10cmx 10 4007 500 cm 11.5% (1985A 50.9%
(1992) (southernregion; 46.4cmx46.5 cm (1988} correlated with
conifer plantation cm x 55.25 cm vole abundance
Parker & Castrale | USA (Indiana); 40cmx40cmx 18cmx 18  Not specified 53%
(1996) reclaimed 91 cm cm
grasslands
Klein et al. (200§ | Hungary 70cmx50cmx 10cmx 10  Not specified (Onlyused in outdoor
80 cm cm aviaries for rescued birjls
Meyrom et al Israel (Hula 50cm x50 cmx 25cmx15 2507 300 cm Fluctuating between
(2009} Charter et | valley); 75 cm cm 48.1%- 73.5% over four
al. (2012 immature palm years
date plantation
Raid (2012) USA 45cmx96cmx 15cmx 18 121 cm, 244 90% colonisation in
31lcm cm cmand 366  second year. 366 cm
cm boxes colonised first, ther

244 cmthen 121 cm
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The selectedbox designutilised 10mmplywood with dimensions(Figure 2 and 3Aof an
internal height of 50 cm, width of 45 cm, and depth of 65 cm. The entrance/dsdercular,

with a diameter of 12.5 cm, and located centrally 37 cm from the box base. A22@m
platform, designed by FauNatufe wassecured 12.5 cm below the entraramd extended
another 20 cm with twgectons ofc. 20 mm wooden ro(Figure 3Q. The rear waltan be
opened on hingds allow access into the box. 1.5 cm ventilation holes sit along the tops of the
long sides of the box, protected by @am overhang othe top which extends to about 7 cm

over the nest box entrance

Figure 2. Barn owl nest box dimensions, as indicated by the red abepth (A) is 65 cm internally

/ 67 cm externally; Height (B) is 50 cm internally / 53 cm externally; Width (C) m$ternally /

47 cm externally; and entrance hole diameter (D) is 12.5 cm. The roof overhang provides additional
protection to the entrance hole. The platfdpictured prior to thaffixing of theadditional wooden

rod perchegis attached 37 cm from the box base and reinforced underneath with a plywood brace.

The boxes were designed to be mounted on a pole where buildings or large trees were absent.
The poles used for mounting the boxes were 400 cm long, 7.5 x 7&hdrf,25cm thick

galvanised stegthosen over wooden poles to prevent cats or possums from climbing into the
box from below Squarehollowed posts were chosen over circular poles to ersstuetural

support of the box during windy weather. The galvanised steeltingtiracketwvas
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constructed from slightly wider sections of pastpped on the top amdinforced along the
top and bottom of one side of the box to ensure stability, and fixed to the post by sliding over
it like a sleevahensecured by tightening the@ of a large bolt onto the smaller poBloxes
werefirst attached to the pole, thenectedusing a minimum of two people to gently lever

the pole into75 cmi 100 cm deeoles as straight as possible with spirit levéts prevent

egg rolling) and set with concrete.

SN Y e S B

Figure 3 (A to D). A: The internddox dimensions, as described in Figurst®wing dadder fixed to

the front of the box to allow owls to climb out of the box. B: the back wall of the box can be opened
on hinges to allow for access and maintenance of the boxes byldedhor researchers. C: the
galvanised steel sleeve bracket, follog/attachment to the box using nuts and bBltdoxes were
marually erected using-3 peoplestabilised according to a spirit level while set into the ground with
fastsetting concrete and compacted soil. Holes were aithaually dug using shovelscrowbars,

or drilled using a portable fengmst digger, to a depth of 1 m.
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Boxes were installechear trees for shadand camera placemeand oriented north-east
allowing the box to warm in the morning but ensuring that thenenot exposed to full sum
summer (Charteet al. 201(). Following installation, a 8 cm deep layer odommercially
sterilisedwood shavings were laid on the floor of each box, with a slight depression in the
middle, to prevent eggs from rolling to the edges of the box wheubation would be difficult.

Nest box success was represented by time to colonisation, total colonisation rate, time to first
fledgling emergence and estimated number of fledgliAgsummary of nest box detaiis

shown in Table 3.

Table 3. A summargf box orientation, relationship with surrounds and hunting grounds, and proximity
to other species, both wild and domesticated.

Site no. Box Box entrance Direct Other birds Land animals Other bird species detected by camera
orientation facing viewing of  nesting nearby det. by
field from camera
box
S1 NE Open No Unknown  Kangaroos, Galah, crow, grey butcher bird,
scrub/rock fox European starlig, willy wagtail,
pile magpie brown goshawk
S2 NE Scrub/trees  Yes/no Unknown  Sheep None
S3 NE Scrub/Field No Unknown  Sheep European starlinggalah
S4 NE Field Yes Yes (Black Sheep None
shouldered
kite; magpie)
S5 NE Scrub/trees  No Unknown  Sheep Magpie
S6 NE Scrub/Field Yes/no Yes (magpie) Sheep Magpie
S7 NE Scrub/Field  Yes Unknown  Sheep Magpie
S8 NE Scrub/trees  No Unknown  Cattle, fox European starling
S9 NE Field Yes Unknown  Cattle, Owlet-nightjar
sheep
S10 NE Scrub/Trees Yes/No Unknown  Cattle Willy wagtail
S11 NE Scrub/Trees  Yes Unknown  Sheep Willy wagtalil

2.4. External nest box monitoring system.

Nest boxes were monitordécbm February2017to August2018usingScout Guard SG560k
HD trail camera. These cameras were attachedé¢arbytreesapproximately 1.5 3 m from

the nest box entraneesing zip ties or Tek screwisrough theprotectivehousirg box. Limited
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by the location of surrounding trees, the cameras were either slightly facing the nest box
entrance (Sitel, 5, 6, 7 and 9), directly side on (Sitg 3, 8 and 10) or siden + upwards
towards the entrance (Sité and 11) Camerasvere acessed throughout the study period by
ladder where theywere then kept overnight for battery charging, settings review and
maintenancebefore beingeinstalledthe following morning. The cameras were set to take
bursts of 3 photos at 12MP, with PIR trigger sensitivity adjusiédormal or High based on
background movement of foliage. Timer triggering wass€t Timer Interval set to OFF and
monitoring periodset from 17:00 to 8:00A second camera, set to Video, was also installed
next to thephotocameras at 6 sites, however this data @esmsmed duplicative and excluded
from the study. Camera accuracy was assessed by two measures; the percentage of monitored
nights per study period in which at least ONE owl + prey event was captured; and the

percentage of total owl events per study period containing owl + prey events.

Figure 4. A: Scoutguard camera, as highlighted byedbecircle, attached @nearby tree to monitor
anest box from Februar3017to August2018 B: Cameraeingaccessed by ladder a3Imonthly
intervals.
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