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Thesis Abstract

Aotearoa New Zealand has experiensigghificant biodiversity loss from the impacts of invasive
speciesThis thesidas appliegpatial ecology principles to conservation biology, focusing on

invasive hedgehog&(inaceus europaedisn a duneland ecosystem in northern New ZealBuog. to

its generally milder climate compared to Europe and the absence of natural predators that hedgehogs
face in their native habitats, hedgehogs have thriveah Bivasive species in numerous ecosystems
across New Zealan®Reliable estimates of home range sizes for hedgeimoduneland ecosystems

are criticalas less than 30 percent of New Zealand’s natural duneland systems remain for native
species such as the New Zealand dotterel (Charadrius obscurus aquikomiue critically

endangered New Zealand fairy te8tdrnula nerels My research aimetb quantify and understand
hedgehog spatial ecology and habitat use in Northland’s dunadasthl ecosystems and provide

insights that can guide more effective control measures of hedgehogs.

My study was conducted at Tara Iti Ecological Sanctuary (Tara Iti), located in Mangawhai, Northland,
New Zealandfrom Spring 2022 to late Autun2023.Elevenhedgehogs (four males and five females
during November 2022 and two males during May 2023) were live candefitted with Lotek

Pinpoint VHF75 tag for a maximum of seven days. GPS data were usetitoee the home range

and nightly distances travelled by hedgehdgail camera sampling/as carried outo indicate the

presence of pest species and six yealedfehog trapping data from tsteidy areas were analysed

Hedgehogs occupysaallcore area of their home range intensiughjle covering its entirety over
several foraging night$Home ranges overlap significantly between individuals of either sex, but core
ranges are more independent. The overall mean home range size was 7.1 hahg.@exrage

home range was higher for malesl(8.2.3 hathan for females (5.6 2.1 ha), but the difference was
not statistically significant due to small sample sizes and high variation between indivitheals.

mean nightly home range was similar for males (3.4 ha) and females (Sl@dayerage nightly
distance travelled by female hedgehogs (2054 m + 580am higher thamalehedgehogs (1632 m

237 m). Onefemale kedgehog travelled over 4 km in one sampling nittis isthe highest distance

that haseverbeen recorded by a European hedgehog in a single highsuspected that this was a
dispersal event given the linearity of the tijpis hedgehog covered the full width of Tara Iti from the
neighbouring farmland to the edge of the golf course, indicating that hedgehogs can travel from the
neighbouring farmland to shorebird nesting areas in one night of activity.

| found a strong seasonal trend in the hedgehog trapping data, with peaks in January, February (austral
summer), and May (austral autumn) and a low in July (austral winter). Based on my results, DOC250
are more effective traps for targeting hedgehogs and roads and habitat edges should b&autilized.
control hedgehogs in vulnerable areas, a trap density of 100 m by 100 m, with one DOC250 trap per

hectare, should be use®h intensive trapping program, primarily in early spring and summer, should

3



target hedgehogs to impact the adult population and protect breeding sho&dmaiglary intensive
control should be undertaken in late autumn to primarily target females and juvenile hedgehogs while
they are preparing for hibernation.

My findings support the need fepecific home range estimafes vulnerable ecosystems due to
variability and plasticity in hedgehog behaviour based on habitat and climate factors. Trapping
regimes should consider home range estimates, average nightly distances travelled, recorded dispersal

distances, and habitat pregaces when planning hedgehog control programs.
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Chapter 1: Introduction

1.1 Spatialecologyand invasivespecies

Invasive species significantly threateiodiversity and ecosystem functioning worldwi@&mberloff

et al., 2013)Therefore, understanding the spatial dynamics of invasive species and their interactions
with native ecosystems is crucial for effective conservation management. My rexmaliebspatial
ecology principles to conservation biology, focusing on invasive hedgelBogadeus europaejisn
duneland ecosystems in northern New Zealand. Spatial ecology, the study of spatial patterns and
processes in ecological systems, offers valuable insights into understanding the spread and potential
impacts of invasive speciéSollinge, 2010) In the context of invasive hedgehogs in New Zealand,
spatial ecology can be used to understand how landscape features, habitat suitability, and dispersal

mechanisms influence the invasion process.

1.1.1 Invasive species in New Zealand

New Zealand has experiencgidnificantbiodiversity losfrom the impacts of invasive species

(Clout, 1999; Goldson et al., 2015his island archipelagis particularly vulnerable to invasive

species because of its high levels of endemisrigue island ecosystems, and geographical isolation
(MacinnisNg et al., 202} Less than half of New Zealasdndigenousvegetativdand cover

remains, with 811 specietassified as threatened and 24i18isk(DOC, 2020).Current conservation
practices arelominated byontrolling or eradicating existing populationsimfasive specieJlout,

1999; Goldson et al., 201&arter et al., 2016Anthropogenic impacts such as habitat loss and
fragmentation have exacerbated the decline of native species, while invasive species have increased
due to human manipulatig€raig et al., 2000)ntroduced bushtailed possumsIfichosurus

vulpecula) are a weknown example, introduced in the nineteenth cerntiustart a fur tradeand

have since had detrimental impact on native bird populations and forest ecosydRichaidson et

al., 2017).Efforts to conserve native species have been undertaken in vaegsissuch as creating a
predatotproof island mainland sanctuarieand pest management progra@(t, 1999)The

impact ofinvasive species on New Zealand’s ecosystems are diverse and not always well understood
(Goldson et al., 2015). Hedgehogs are a ldgsewn invasive specieand more research is needed

to determine the specific impacts on native species populasiocis as invertebrates and lizards

(Jones et al., 20053pitzen- van der Sluijs et al., 20pBlackburn et al., 201flottingham et al.,

2019)

1.1.2 Spatial ecology

Spatialecology investigates spatial patteemsl processes in natuaad th@ ecological consequences
(Collinge, 2010). Fletcher and Fortin (2018) broadly define spatial eca®tye study and modelling
of the role of space on ecological processash as population dynamics, species interactions and

dispersaland how they affect ecologicphtterns, such as specasundance andistribution.They
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also describe the spatial subdisciplidesived from ecological disciplines, such as animalement

and plant dispersal modelling, landscape genetics, metapopulatiospaiatl epidemiology

(Fletcher & Fortin, 2018)The combined effects of endogenquiscesses, such as movement,

dispersal, and migration, and exogenous processes, stiehrasponst climateand local habitat

features, result in the spatial patterns observed in organisms (Fletcher & Fortin, 2018). Spatial ecology
theory is based on the concept that organisms are not distributed uniformly or randomly, and that
spatial distribution and abundance priamarily based on resource availability and competition

(Tilman et al, 1997; Laguna et al., 202iVang et al., 2021).

Spatial ecology provides a powerful framework for understanding the spatial dynamics of ecosystems
and biodiversity, thereby informing conservation strategies and management practices. By integrating
spatial principles into conservation biology, we can enhance the effectiveness and sustainability of
conservation effortKnowledge othe spatial ecology of animals under framging conditions is

crucialto understanidg their habitat requirementpopulation dynamicsndlife-history strategies

(Barthel et al., 2018 Kays et al. described movement as a defining characteristic of aniamafsals

move to find resourceend mateand avoid predatorgligh-resolution location data reveals detailed
information about animal movememtyond home range size and habitat preferences, wtich ha
implications in conservation biology (Kays et al., 20Fs)r examplehigh+esolutionspatial data on
movement and dispersalwolves(Canis lupu}in both North America and Europeshelped to

reduce humaildlife conflicts by showing evidence of consistent avoidance of anthropogenic

features in the landscapiréves et al., 2009; Carricon@anchezt al., 202]. This cetailed

information alsallows scientists to consider the behavioural and ecological mechanisms that underlie
animal movemenissuch as life history, ecosystem services, social behaviour, and physiology (Kays et
al., 2015).

1.1.3 GPSdcmology

Wildlife spatialdataprovides essentiahformation on animal behaviour, habitat preferences,
movement patterns, activity levels, and spatial distribution (Allan et al., 3dd3nson et al., 2013;
Kays et al., 2016 Theseempirical data areollected using techniques such as GPS trackeiggera
traps, radio telemetry, and satellite imagétat{ebert et al., 201Bartoszek et al., 202Gracanin &
Mikac, 2022) Manyspatial ecology studidsaveutilised radiotelemetryto collect animal location
data(Berry, 1999; Haigh, 2011; Rautio et al., 2013; Bartoszek et al., 2B@dgxample, radio
telemetry was used tuantify the movements and habitat use of an invasive population of Burmese
python Python bivittatusin southern Floridawhich has contributed to thlikecline ofnative wildlife
across the Greater Everglades ecosysBamgszek et al., 2021{oweverradio telemetrys a
labourintensivemethod of collecting location dasand dserverpresence is known fofluence
animal behaviourKays et al., 2015)It is also not coseffective to useadiotelemetryfor many

animals and environmentsi¢Shea & Madison1992.
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Within the last twenty yearglobal positioning systeffGPS)technology has become more readily
availablefor use inwildlife researchHowever, thecost of GPS units lsabeen a limiting factor

(Thomas et al., 2011). Over the last y@ars, GPS technology has advanced significantly, becoming
less expensive and more lightweigKkays et al., 2015)This has led to the ability of researchers to

use GPS trackers more widely on smaller aningaish as birds and small mamm@ecio et al.,

2011; Glasby & Yarnell, 2013tevenson et al., 2013; Kays et al., 2086r example, GPS taggere

used tddentify spatial and temporal aspects of the foraging behaviour at sea of Hutton’s shearwaters

in New Zealangdwhich were previously unknown (Bennet et al., 2019).

Compared to raditracking, GPS has the benefit of collecting a high number of location fixes, with
minimised disturbance to animal behaviour, eeqlires less effort from researchdussk{ano et al.,

2010; Recio et al., 2011). Howevtre limitatiors of low-cost GPS unitare battery life anthe
requiremento be paired with a VHF unit to facilitate recovery (Recio et al., 2011; Foster et al., 2020).
Another consideratiois thatGPS units require signal transfer with satellitasd they do not perform

as well in dense canopy cover and may not be able to record location fixes when animals are
underground (Glasby & Yarnell, 2013; Forrest et al., 2022).

1.1.4 Relevance to conservation

Spatial ecology is applied in conservation biology to delmere effective biodiversity conservation
and management (Fletch&iFortin, 201§. Global climate change and anthropogenic impacts are
causing an alarming rate of biodiversity lo®J p Nt al., 2012; Habibullah et al., 2022).

Urbanisation and agriculture have led to fragmented landscapes in which populations of organisms
have shiftecsignificantly (Collinge, 2010). Studying the spatial ecology of a species can inform

researchers how habitat loss and fragmentation affect species and ecosystems (Collinge, 2010).

Knowledge of the spatial ecology of invasive species helps to answer key ecological and management
guestions (Stevenson et al., 2013). The spatial ecology of an invasive species must be understood to
implement an effective management plBartoszek et al., 2021GPS tracking of tagged animals can
also document how climate change affects spelistisbution and ecological function (Kays et al.,

2015). This is particularly relevant to pest animal species where climate change may be exacerbating
the negatie impacts andllowing range expansion into new and vulneraléas ldellmannet al.,

2008; Walther et al., 2009; Humes, 20M&cinnisNg et al., 2021)For exampletherange

expansion furthesouthof theintroduced cane toad (Rhinella marjma Australiahas been facilitated

by warming temperatureM@cgregor et al., 2021Another example in marine environments is the
European green cral#rcinus maengswhich has invaded parts of North America and expanded its
range because @farming sea temperatures arfthnging ocean currents (Compton et al., 2010).
Understanding the underlying causes and patterns of animal movement is key to managing and

restoring landscapes and the spread of introduced pest species (Nathan et al., 2008).
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Research into spatial ecology atselps to identify dispersal corridors between populations, which

has implications for species conservatéom invasive species managemanindicating where
humanwildlife conflict may arise and barriers to dispersal o¢€iucci et al., 2009Fattebert et al.,

2013; Kays et al., 2015). An advantage of GPS tags is their ability to track dispersal movements of
study animals beyond the typical home range size and document range expansion of a species (Kays
et al., 2015). For example, the lodigtance dispersal of a subadult male leopard was tracked over
three countries in southern Africa, indicating the possibility of meta-populations (Fattebert et al.,
2013). Whereas the lordjstance dispersal of a rescued wolf was also documented atnassa-
dominatedandscape from the northern Apennines in Italy to the western Alps in HGiucei et al.,

2009).

1.2Hedgehogs

There are T known species of hedgehogs in five genétalérix, Erinaceus, Herachinus,
Me=chinusand Paraechingspresent in various regions of Europe, Asia, Africa, and the Middle East
(He et al., 2012Ai et al., 2018Velo-Anton et al., 2019Zolotareva et al., 2021The genus
Erinaceuscontains four species: the Amur hedgehednaceus amurensjssouthern whitdéreasted
hedgehogErinaceus concolgr western European hedgehégifiaceus europaeus), and northern
white-breasted hedgehogrinaceus roumanic)gZolotareva et al., 2021Hedgehogs inhabit a

variety of habitatsfrom deserts to tropical forests (He et al., 2012). Many of these species are
declining due to habitat loss and fragmentation due to urbanisation in their native reigib&s (

Bright, 2009; Abu Baker et al., 201Bgrger et al., 202®raguas et al., 2032

1.3 Westerreuropeanhedgehogs (Erinaceus europaeus)their native range

Western European hedgehogsifaceus europaelisave been widely researched in their native
environment in Europe, where they are a species of conservation focus (Gurnell et al., 2015; Marco
Tresserres & Lopetborra, 2022)There has been a decline in the number of hedgehogs in Europe
due to habitat loss and fragmentation causegrbgnisation and intensification of agricultukof &

Bright, 2009; Haigh, 201Berger et al., 2020faucher et al., 2020). Hedgehogs have a wide
geographic distribution, tolerating a wide range of climatic conditions (Rautio et al., 2013). Their
natural range extends wdgtm England to Finland, at the northern limits, to Spain, in the south
(Haigh, 2011). They have been introduced to New Zealand and Scotland (Jackson., 2006; Jones,
2021).
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1.3.1 General ehaviourand ecology

Hedgehogs arsmall solitarymammals that are nocturr@&eeve, 1994)Their body is covered in

sharp spines, which are modified hairs made of keratin (Jones, 2021). When hedgehogs feel
threatened, they curl up in a tight ball and present their spines as a protection against predators (Jones,
2021). A combination of two sepme muscles allows hedgehogs to roll up, and they cannot be easily
uncurled. Natural enemies of European hedgehogs include badgers, foxes, and dogs (Hof & Bright,
2009; Hof et al., 2019)n the United Kingdom, lagehogs are less likely to be found where badgers

are present (Hof et al., 2019¥hen hedgehogs are unstressed, their spines flatten black, enabling

them to move through dense vegetation. They have been recorded swimming across open water three
metres wide and are good climbers (Reeve, 1994). Hedgehogs degritorial, and their nages

often overlap with both sexes (Riber, 2006; Rautio et al., 2013). Hedgehogs have a strong sense of
smell and depend on olfactory cues when foraging for food (Reeve, IT9@4 will concentrate their
feeding on locally abundant food and alter their foraging behaviour to revisitifdodreas, such as

artificial feeding stations (Cassini & Krebs, 1994). Despite their solitary behaviour, hedgehogs have
been known to conggate locally at a rich food source (Cassini & Krebs, 1994). During these

instances, access to food may depend on a social hierarchy favouring feeaalerhedgehogs

(Cassini &Foger 1995).

1.3.3 Diet

Hedgehogs primarily consunievertebrates, with their natural diet including beetles (Coleoptera),
caterpillars (Lepidoptera), and earthworr@étellata) (Reeve, 1994; Rautio et al., 2016). They will
consume various other food items, sucle@gs and nestlings of grounéstingbirds, mice and frogs,
fruits, and food offered by humafiorris, 1985; Reeve, 1994).

1.3.4 Dens

As hedgehogs are only active at night, they need somewhghelter and sleeguring the daytime,

so they construct dens. They also require a safe place during winter hibernation to survive the long
cold periods. Reeve (1994) classified three types of hedgehog dens: daytinfier nessiduring the

spring and summer, breeding nests for female hedgehogs and their litters, and hibernation nests over
winter. Within the northerrextentof their distribution hedgehogs also construct firibernation dens

(Rauto et al., 2014). Hedgehogs require dry, velethiined habitats to construct dens, often at the base

of bushes, tussocks, or fallen logReéve 1994). Hibernation nests are larger and are constructed with
more insulation materials (Rautio et al., 2014). Multiple nests are constructed throughout a

hedgehog’s home range (Rautio et al., 2014).

1.3.5 Hibernation & torpor
Hedgehogs experience periods of torpor to conserve energy while inactive during the daytime and

winter (Ruf & Geiser, 201% During daily torpor, the metabolic rate drops to approximately 30

16



percent of the normal rate and body temperature is maintained above 30 degreesRL#l&us (

Geiser, 2015). Hedgehogs enter hibernal torpor when ground temperatures fall belegrees

Celsius Dmi'el & Schwarz, 1984)This allows hedgehogs to survive long cold temperatures over
winter when little food is available. Their body temperature drops to within a few degrees of ambient
temperature, and their metabolic rate falls to about 5 percéime obrmal metabolic ratéRuf &

Geiser, 2015). Hedgehogs may hibernate for several months during winter (Haigh et al., 2012b). In
Finland, the northern limit of their distribution, hedgehogs spend over 200 days hibernating (Rautio et
al., 2014).

1.3.6 Breeding biology

In Europe, the life expectancy for female hedgehogs is 2.1 years and 2.6 years for male hedgehogs
(Rasmussen et al., 2023). Juvenile hedgehogs usually reach sexual maturity around one year of age
(Jackson, 2006; Reeve, 1994). During the breeding season, male hedgehogs search actively for female
hedgehogs to mate with (Haigh, 2012a). Hedgehogs have a promiscuous mating system where males
and females mate with multiple individuals (Haigh, 2012a; Jones, 2021). Males exhibit distinctive
courtship behaviour, known as “cartwheeling”, where they circle female hedgehogs for long periods

and attempt to bite their feet (Haigh et al., 2012a). There is no pair bonding, and males play no part in
raising young (Jones, 2021). Throughout the breeding season, female hedgehogs have a succession of
oestrus cycles and do not experience-pastum oestrudieanesly1934). The gestation period for
hedgehogs is short and only 1a31s35 daygDeanesley, 1934

1.4 Ecology of hedgehogsm New Zealand

In New Zealand, introduced hedgehogs are a pest species, and research has focused on understanding
the impacts of hedgehogs on native species. Most research has been undertaken in pastoral habitats
where hedgehogs are abundant, and few studies have focussed on hedgehogs in coastal habitats.
Significant research has been undertaken in the South Island of New Zealand in braided river systems

where hedgehogs are a nest predator of native ground-nesting birds (Sanders & Maloney, 2002).

1.4.1 General behaviour and ecology

The general behaviour of introduced hedgehogs in New Zealand is similar to that of wild hedgehogs
in Europe, with some differences due to an absence of natural predators and a different climate
(Reeve, 1994; Jones, 2021). Hedgehogs are active from dusk until dawn, with some studies finding
them most active-3 hours after sunset (Brockie, 1974). Hedgehogs seen during the day are generally
in poor health (Jones, 2021). Estimates in New Zealand of a hedgehog’s average life3spear$2-

are similar to esthates from Europe (Brockie, 1974; Parkes, 1975). The introduction of hedgehogs to
New Zealand has resulted in their release from natural enemies, such as badgers and foxes.

Hedgehogs are occasionally predated by feral pigs, ferrets, feral cats, and dogs, but not to the degree
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that density is limited@Smith et al., 1995). With no natural predators to keep hedgehog numbers under
control, density dependence may become the only natural limiter of population growth (Jackson,
2006).

1.4.2 Diet

Hedgehogs in New Zealand have a relatively broad omnivoroysdredisting of insects and other
invertebrates, as well #égards, frogs, mice, and the eggs and chicks of grawesting birds (Jones et

al., 2005; Nottingham et al., 2019). They predominantly feed on beetles and larvae, earwigs, spiders,
millipedes, earthworms, and slugs, but it does depend on what is locally available (Berry, 1999;

Campbell, 1973; Jones et al., 2005; Nottingham et al., 2019). In lesser amounts, hedgehogs may feed

on natve wwW — JLDQW FHQWLSHGHV OL]DUGVYV DQG ELUGVY HJJV 1R
known to scavenge on other animal carcasses and have been described as “opportunistic insectivores”

as they mainly feed on insects but eat other animal matter when av@ltaide & Norbury, 2006

Moss & Sanders, 2001).

1.4.3 Dens

Densare typically ellipsoidal chambers in loose detritus or vegetation with ecamtlealed entry

hole (Moss & Sanders, 2001; Jones, 2021). Hedgehogs have also been observed to nest in rock
crevasses and old rabbit burrows (Moss & Sanders, 2001). Den construction in New Zealand is
similar to what is described in Europe, except in warmer regionsteleh$o besmallerand contain

less insulation materi@Parkes, 1979¥1oors 1979).

1.4.4 Hibernation & torpor

In the South Island of New Zealand, hedgehogs usually hibernate frodypmide early September

(Moss, 1999). Hibernation begins later, in June or July, further north in Wellington and Hawkes Bay
(Brockie, 1974; Parkes, 1975). Brockie (1974) found that hedgehogs in Wellington lost an average of
10% of their body weight over winter hibernation. Juvenile hedgehogs must reach at least 300 grams
of weight to have enough energy stores to survive hibernation (Brockie, 1974). Hedgehogs exhibit
partial arousal aring hibernation and may leave the nest for short periods to go for&gmgl &

Schwarz, 1984; Reeve, 1994; South et al., 2020; Walhovd, 1979). This explains why a small number
of hedgehogs are still trapped during winteNew Zealand (King et al., 1996; Reeve, 1994). There

are sex differences in the timing of hibernation for hedgehogs, with females beginning and emerging

from hibernation a few weeks later than males (Parkes & Brockie, 1977).

1.4.5 Breeding biology
In New Zealand, both sexes of hedgehogs have typically left hibernation [Semidmber (Parkes &

Brockie, 1977; Moss, 1999). The hedgehog breeding season begins as soon as they leave hibernation
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(Jones, 2021). This indicates that the earliest litters of hedgehogs could be born around mid to late
October. In the South Island, pregnant females were captured from early November to January, which
is likely later than the North Island hedgehogs (Jones, 2021). The average litter size of hedgehogs in
the North Island is 2. /Bfockie, 1974. Juvenile hedgehogs will first leave the nest to go foraging

with their mother at three to four weeks of age and become independent by six to seven weeks (Jones,

2021).Juvenile dispersal could occur as early as January in warmer regions.

1.4.6 Further research needed to understand hedgehog ecology in New Zealand

An in-depthinvestigation into the timing and duration of both hibernation and the breeding season is
necessary to fill knowledge gaps in hedgehog ecology in New Zealand. The duration of the
hibernating period of European hedgehogs is variable depending on latitldénzate (Brockie,

1974; Parkes, 1975; Moss, 1999; Haigh et al., 2012; Rautio et al., 2014). In warmer areas of New
Zealand, such as Northland, few hedgehogs are thought to hihemabaly for short periods

(Brockie, 1974; Moors, 1979). Mos (1979) found that some hedgehogs in coastal Manawatu, North
Island, did not hibernate, and others only had short periods of torpor. Brockie (1974) found a similar
pattern in hedgehogs in Wellington that fluctuated with the severity of climatic conditions. A shorter
hibernation period for northern hedgehogs would mean they would need to build fewer energy

reserves to survive hibernation, and there would be a lower winter mortality rate (South et al., 2020).

Due to a milder climate than in Europlee hedgehog breeding seasolikely extended, especially in
warmer regions in the North Island. For example, heavily pregnant female hedgehogs have been
found during August in Kaitaia (Jones, 2021). This indicates that the local climate influences the
length of the hedgehog breeding season. Jackson (2006) discovered that most female hedgehogs
resumed sexual activity after the birth of an early litter of hoglets. In Europe, late litters of hedgehogs
are considered common and are likely a second attempt at breeding for femakakethtd fear an

early litter of young (Reeve, 1994). However, Jackson (2006) confirmed that hedgehogs would
attempt to have multiple litters in favourable conditions on the Scottish Idiahdvhere they were
introduced. There is insufficient evidence to confirm that hedgehogs will have second litters during

one breeding season in New Zealand (Jones, 2021).

1.5 Implications for conservationn New Zealand

1.5.1 Introduction and distribution

Hedgehogs were introduced to New Zealand in 1870 by European coléonisarsnd them of home
and as a way of controlling garden pests, such as snails and slugs (Kriechbaum et, dlon2g18
2021).Theextent towhich hedgehogsffectively control introduced slugs and snaids never been
demonstrate@Jones, 2021). Hedgehogre abundant amddespread in New Zealariottinghamet
al., 2019).The success of hedgehogs in New Zealzardbe attributed to plentiful food, few

competitors and predators, amdlimate with mild winter¢Jones, 2021). Hedgehogs are present
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throughout lowland districts of New Zealand and some offshore islands, including Chatham, Waiheke,
and Rakiura Islands (Brockie, 1974). Survey®aikato farmlandound hedgehogs to be widely
distributed, and hedgehogs were the most frequently dewmoi@timamma(Tempero et al., 2007).

There are fever hedgehogs areas where there amore than 250 frost days per year, such as alpine
habitats, and areas with greater than 2500 mm of rain per year, such as Fiordland on the southwest
corner of the South Island (Brockie, 1974; Jones, 2021). Howsaag still survive in these areas

Foster et al. (2021) demonstrated, female hedgehoiggdbit and enter hibernation in the high

alpine zones of th8outhern Alps

1.5.2 Pest status

Hedgehogs are regardas a less seriodbreat to native wildliféghanothermammalian predators

such as mustelids, cats, and r&&e( et al., 2019). Public perception of hedgehogs is a hindrance to
conservation efforts, witheseral hedgehog rescues actively rehabilitating sick hedgehogs and
releasing themRats,mustelids,and possumBave beertargeed by a nationwide “Predator Free

2050” plan that aims to eradicate these introduced mammalian predators from the mainland of New
Zealand bythe year2050.While considerable evidence implicatesdgehogs as serious threat to

native invertebrates and ground-nesting bithis mammalian predator has been left off the target list
at a national leveHedgehogs are also not classifeed‘unwanted organisms” under the Biosecurity
Act 1993, meaning they are not managed by the Ministry for Primary Industries (MPI) national pest

program.

However, hedgehogs are classified as pests uademal pest management plans. In Auckland,
hedgehogs are regionally under “sustained cdntoateduce theispread and impact (f&kland

Council, 2020)In the Hauraki Gulf Controlled Area of the Auckland Region, hedgehogs are under
“site-led” control(Auckland Council, 2020 he “siteled” approactaims tomanage existing

populations of hedgehogs on offshore islands in the Hauraki Gulf and prevent them from spreading to
pestfree islandsFor example, Ragitoto and Motutapu Islands (close to mainland Auckland)
successfully eradicated mammalian predators, including hedgehogs, and now the focus is to prevent
reintroductions (Griffiths et al., 2015; Auckland Council, 2020).

Greater Wellington Regional Council (&atefWellington) and Otago Regional Council also have a
site-led approach to hedgehog contihereby if hedgehogs can cause damage to an area, they

should be excluded or eradicated @ntained, reduced or controlled within theato an extent that
protects the values of that place réater Wellington2020) Wellington has designated exclusion

zones where ‘o person shall possess and/or release any hedgehog” without risking prosecution under
the Biosecurity Actl993(Greater Wellington2020). Under Otago Regional Council’s pest

management plan, hedgehogs are only considered pséitslad programmes in Otago Peninsula,

West Harbour/Mt Cargill, Quarantine Island and Goat Isf@tdgo Regional Council, 2019)he
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pest status of hedgehogs is relevant at a national and regional level as it allows for penalties against
theintentional release of unwanted animals in vulneralbdas angrovides strategidirectionfor

areas to undertake control programs.

1.5.3 Threats from hedgehogs

Invasive hedgehogs in New Zealand have been implicated in the decline of native fauna, particularly
ground-nesting birds, and invertebrates. Hedgehegatareat to native biodiversity through direct
and indirect predation of native wildlif8érry, 1999,Jackson & Green, 2000; Jones et al., 2005;
Jones & Norbury2010; Spitzen — van der Sluijs et al., 2009; Nottingham et al., 2019). Berry (1999)
described the possible implications of hedgehogs to ecological restoration as the removal of large
guantities of invertebrates, competition with native insectivores, and predation of native vertebrate
species. Hedgehogs are alsators of several diseases that can be transmitted to livestock and
humans (Jones, 2021). They are a spillover hasbahetuberculosis (bTB)a disease of concern to
the agricultural industry in New Zealafidugton et al., 1995; Gorton, 1998; Jones, 2021). hass
prevented the export of hedgehdigsn New Zealandback to the United Kingdom to boost their
population numbers (Lugton et al., 1995; Jones, 2088w Zealand Hedgehogs also carry strains of
StaphylococcysSalmonella, ringworm fungus, and Sarcoptes scavidiCaparinia tripilismite
infestations causing “mangeG6rton, 1998; Kriechbaum et al., 2018; Jones, 20ligse zoonotic
diseases can all be transmitted to huntgnisandling iriected hedgehogs without hygiene measures
(Kriechbaumet al., 2018Ruszkowski et al., 2021).

Impacts onnvertebrates

Hedgehogs arenportant predators of small native invertebrates in New Zedlames et al., 2013).
Dietary analysis studies have found evidence of KHGJHKRJV SUHGDWLQJ UDUH QDWL
giant centipedes (Jones et al., 2005; Spitzen — van der Sluijs et al., 2009; Jones & RoOtifry,

Jones et al., 2013Jhe diet of hedgehogs varies witie prey typesavailable in their local

environment (Jones et al., 2005; Jones & Norbury, 2011; Nottingham et al., B6&8¢s and their

larvae Coleoptera were consumed in the highest volumes by hedgehogs in urban forest fragments of
Auckland, with introducedlugs Lixmax maximus) and earthworn@igochaeta following

(Nottingham et al., 2019%iant centipedesdormocephalus rubricepsverepresentin 5%D QG Z+W —
in 14%of hedgehog guts (Nottingham et al., 2018he Upper Waitaki Basin, hedgehogs consumed
beetles moths(Lepidopterd, eawigs (Dermapterg, HymenopteraandOrthoptera in the highest
guantities (Jones et al., 2005)edgehogalso consumed Z+«W — | R X QdBtsbwith22%inafle
hedgehog containing 283 Zle@é-indicating they can be preyed on in high quantities (Jones et al.,
2005). Jones and Norbury (2011) also fothmat beetles and earwigs were consumed in large volumes
in the dryland habitat of the South Island. Hedgehogs pretiatecre species of beetldhe sand

scarab Pericoptus frontalisand theAlexandra chafebeetle Prodontia modesta)dones & Norbury,
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2011)

Usingenclosurebasedexperimentaimanipulation, Jones et al. (20ddmonstrated thalhe number

of ground Z«W — G HF UH D V Hd significantly with increasing Medgebsgadensiyneeded to
qguantifythe effects of hedgehogs oativeinvertebrate population$hey can consume large
volumes of prey, with some estimates as high as 160 grams per day (Wroot, 1984). This is a
significant amount of foadyiventhatthe average weight of a hedgehog in the wild is around 680
grams (Brockie, 1974)niertebrates contribute ssystem functioning, and theieduction an
negativelyimpact trophic pathway@\ottingham et al., 2019)Vhetherthe reduction of invertebrates
by hedgehogs has ecosystem effects through loss of functions carried out by those invaggetates
to be determine(Blackburn et al., 2014; Nottingham et al., 2019).

Impacts onikards

Evidence of ative skinkandgeckopredation s been found during several dietary analgdes
hedgehoggJones et al., 2005pitzen — van der Sluijs et al., 2009nes & Norbury2010). Skinks

are vulnerable to hedgehog predation as they are torpid during thevhigihhedgehogs are foraging,
meaning thexannotactively avoid predation (Jones et al., 2013). Bkthk andgecko remainsvere
found in 9%0f hedgehog guts collected from the Mackenzie B@dwss, 1999)Skink remains were
also foundn 21%of hedgehog gutBom Macraes Flain Otago, 14% frontryland habitat in the
South Islandand 6% from the Upper Waitaki Bagifones et al., 2005; Spitzewan der Sluijs et al.,
2009;Jones & Norbury, 2011Jones et al. (2013) also showeadenile McCann'’s skinks to
significantly decrease with increasing hedgehog density through enchizsed experimental
manipulation. Lizards were found in 286 hedgehog guts examined in urban Auckland (Nottingham
et al., 2019). High densities of introduced plague skihspropholis delicatagxist in the

Auckland Region, whiclikely constituteghe majority of skinkpredation by hedgehogs in urban
forest fragmentgNottingham et al., 20191t is suspected that high numbeifshedgehogs can have a
significantimpact onnative lizardsbut he extent to which hedgehogs impt survival ohative

lizard populations is unknowrdd@nes et al., 2005; Spitzen — van der Sluijs et al., 2009).

Impacts on birds

Evidence of the impact of hedgehogs on gronesting birdsn New Zealanchas been collected in
the form of video footage of nest predation dietary analysis (Berry, 1998lendra 1999;Moss,
1999; Sanders & Maloney, 2008pttingham et al., 2019Hedgehog dietary analyses have found
evidence of bird predation in varying quantitiBgiry, 1999; Nottingham et al., 2018)oss(1999)
found bird remains (eggshelsd feathers) in 15%f hedgehogs examined from the Mackenzie
Basin in spring and summasird remains were found in 7% hedgehogs examined in urban forest
fragments in Auckland (Nottingham et al., 2019). Hendra (1999) found bittefem 8% of
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hedgehogs collected throughout a year from Trounson Kauri Park in Northland. Dietary analysis of
hedgehogs at Boundary Stream by Berry (1999) found the taxonomic compaosition overlapped with
North Island brown kiwi£pteryx mantel)i by 70%-80% indicating kiwi likely compete with

hedgehogs for the same prey items.

There is substantial evidenceradst predation to native ground-nesting birds by hedgehogs at several
sites Powding, 1998; Jackson & Green, 2000; Dowding & Murphy, 2001; Sanders & Maloney,
2002).$W 7—Z KD U D Q X L Hedgéhdg$pe@at8INZ Motterel nests before there was a pest-
proof fence and were responsible for two of every three nest failures (Dowding, 1998). In the South
Island, hedgehogs are a predator of birds nesting in braigeteds including bandedotterel
(Charadrius bicinctus)black stilts Himantopus novaezelandigdlackfronted ternsChlidonias
albostriatug, wrybills (Anarhynchus frontaljs and South Island pied oystercatchétagmatopus

finschi (Sanders & Maloney002).Sanders and Maloney (200@und hedgehogs responsible for

20% of recorded nest predation events at 172 monitored banded dotterel, black stilt, and pied
oystercatcher nesis the Upper Waaki Basin Prior to this study, hedgehogs were only treated as by-
catch by trapping programs in braided river systems, andiititiighted the need fdargeted control

of hedgehogs (Sanders & Maloney, 2002)

Introduced hedgehogs have also been a problem for grmstihg birds in Scotlanéd study on an
internationally significanpopulation of wader birds<Charadrii) on the Island of South Uist in

Scotland found introduced hedgehogs to be threatening them with regional ex{jdatikson &

Green 2000). Hedgehogsere introduced ithe 1970s andaused the decline six species of
ground-nesting wadg birdsandtheir nest success (Jackson & Green, 200 average hedgehog

density was 57 hedgehogs &mvhich is high compared to their natural range (Jacks@meen,
2000).Jackson and Green (2000) found the risk of nest predation by hedgehogs to be proportional to
hedgehog population density. There is evidence that hedgehogs do not seek out bird nests but instead

come across them incidentally during foraging trips (Jackson, 2006).

1.5 Dunelandsystemsand hedgehogs

Coastal duneland systems are widespread along various parts of New Zealand’'s extensive coastline,
such as Ninety Mile Beach, Farewell Spit, and Te Paki (Hilton et al., 2000). Duneland systems are
coastal ecosystenfsund along the shores of oceans and large lakes, createtural processes of

wind and waves depositing samad forming dunegGadgil & Ede, 1998 Dunesare dynamic
environments that constantly undemgshaping from windnd wave actiofHesp, 200Q)In active
foredunes, natural vegetation is dominated by grasses, sedges, andittn{ al., 200D There are

diverseflora and faunahat have adapted to low moisture conditidngh salinity, andwind exposure
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(Elser, 1970Jamieson201Q. Stable backdunes can include a range of native trees and shrubs such as
flax (Phormium tena) Griselinia, cabbage treeQordyline australiy, and thickleaved mahoe
(Melicytus crassifolius) (Stephenson, 198Bhm et al. 2005; Jamieson, 2010Many threatened

species are found in New Zealand’s coastal dunelands, such as rare species of plants, lizards, and
shorebirds (Milne & Sawyer, 2002amieson2010).For example, th&luriwai Gecko(Woodworthia

aff. maculatd, N D Wshi8ehs [atrodectus katipp fairy tern (Sternulanereis) and New Zealand

dotterel Charadrius obscurygCostall, 2006Jamieson, 202 ®rooks et al., 201Melzer et al., 2022).

In New Zealanddune areas have been heavily modified by human impacts and develogasmt (
2001). The total area of active duneland in New Zealand has reduced by 70% since the early 1900s
(Hilton et al., 2000)They are classified as endangered ecosysteitien, 2006).The leading causes

of duneland decline and degradation include stabilisation and afforestation, and on a smaller scale,
sand mining, agricultural development, urbanisatigaiste disposahuman recreation, and military
activities Gadgil & Ede, 1998; Hilton et al., 2000; Hilton, 200&mieson2010). For example, the
widespread loss of native vegetation cover due to stock graasigsultel in unstable dunes and
shifting sand (Gadgil & Ede, 1998; Hilton et al., 2000; Hilton, 2086)a result, exotic pine

plantation Pinusradiatg and marram gras&(mophilia arenariawerecommonly used for dune
stabilisation and afforestatio®adgil& Ede, 1998; Hilton et al., 2000; Hilton, 2006). Duneland
systems in New Zealand are vulnerablén®spread of invasive speciemate change, and rising

sea levelsJamieson2010). Exotic species of plants and trees have contributed to the widespread
degradation of active dunelands, such as gaiex europaeus lupin (Lupin arboreu}, bone seed
(Chrysanthemoides moniliferand acacia treeé\¢acia sophorag(Hilton et al., 2000; Jamieson,

2010). Due tontensive farming practices, most native vegetation sequencésiee to remnants

on foredunegJamieson, 2010).

There is Imitedresearch othe effects ohedgehogs onoastal duneland systems. Hedgehogs are
abundant in coastal duneland ecosystems of the North Islanie§&D11 Jones, 2021 High

densities of hedgehogs are found in coastal farmland and dunelands in Northland, where the weather
is mild, and frosts are rare (Jones, 2021). In coastal farmland with long pastures, invertebrate prey of
hedgehogs is abundant (Jones, 2021). Nest availability is also high in the dry soils of duneland
systemsManyrare species afndemic invertebrates inhabit sand dunes, which are vulnerable to
hedgehog predation (Brockie, 1957; Patrick & Dugdale, 2000

Spatial ecology approaches, sucthaiitat suitability modelling and spatial analysis of predation risk,
can help quantify the extent of hedgehog impacts on native species and identify priority areas for
conservation intervention (Kliskey & Byrom, 2004). Taxa with limited refugia or specialised habitat

requirements, such as ground-nesting shorebirds in an endangered coastal duneland ecosystem, may

24



be at greater risk than species with broad habitat tolerBncexamplethe New Zealanghiry ternis
critically endangered, with only 48irds nesting in northern coastal dunelands (Brooks et al., 2011).
Although there are no documented cases of hedgehog predaftairydarn the risk is high, and the

potential impact isevere if hedgehogs were to get into the breeding area.

1.6 Thesis structure and lgectives

Compared to other mammalian predators, such as pos$tiof®éurus vulpeculeandstoats

(Mustela ermineg hedgehogs are relatively understudied in New Zealand (Nottingham et al., 2019).
The existingknowledge gaps ithe spatial ecology and impaatf European hedgehogs in the

northern coastal ecosystems of New Zealand highlighteed for additional scientific researth
implement effective management actions, the nature and severity of impesttbe understood
(Nottingham et al., 2019 hese areas provide essential breeding halitabhanyground-nesting

birds, including the critically endangered New Zealand fairy terns (ifdrard New Zealand
dotterelsWe lack information on the home rangee for hedgehogs in coastal habitate@wit

varies with age, sex, and time of yegis knowledge gap is importaas there igvidencehat
hedgehogs pose a significant threat to our biodiversity, but there is a lack of quantitative knowledge of
how they use these habitats. Without this crucial information, conservation managers cannot
implement effective control measures in areas with breeding native shorbhirdssearch aims to
guantify and understand hedgehog spatial ecology and habitat Meghland’sduneland coastal

ecosystemand provide insights that can guide more effective control measures of hedgehogs.

1.6.1 Chapter 1: Introduction

This chapteintroducesspatial ecologyheory invasive speciegnd their relevance to conservation
worldwide and in New Zealand. The ecology of European hedgehogs is describedtliie mattive
range in Europe and thetroduced range in New Zealarithe implications of invasive hedgehogs to
conservation in New Zealarate discussed, and specific threats to native invertebrates, lizards, and
birds are describeduneland ecosystems and the potential impacts of hedgehogs otntbat=ned
landscapes are described. Finaltycaerview of the thesis structure and objectives for each chapter

are outlined

1.6.2 Chapter 2: Methodology

This chapter describes the study site and provides background information about the study. The
methodology for data collection and data analysis are provided in det@hépter 3 and Chapter 4.

This includes the process of searching the studyagitechment of transmitters, and recapture and
release of hedgehogs. &lprocess of data collection of pest animal trapping and camera trapping data

are also describad detail.
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1.6.3 Chapter 3: Hedgehogpatial ecology in northern coastalecosystems of New

Zealand

In this chapter provide evidence to expand knowledggthe spatial ecology of hedgehogs in

northern New Zealand present information on thefirehavioual ecology habitat preferences,

movement patterns, activity levels, and spatial distribufibe.evidence provide aimdo support

pest control operationtsy highlighting theimportanceof trap densityinformed byhome range

estimates, and the need for large buffer zones to account for dispersal based on the recorded travel
distancesFurthermorel discuss factors that affettte home range size and distance travelled by male

and female hedgehogacluding habitat qualityoreedingoehaviour, and seasonality

Objectives:

(1) Estimate the size of the home ramgpe average distances travelledngle and female
hedgehogs in aorthern oastal eosystem.
(2) Expand current knowledge tie movement patterns, habitat preferences, and spatial

distributionof hedgehogsising GPS location data.

1.6.4 Chapter 4: Hedgehogantrol

In this chapter analyse pest trapping data to reveal trends in seasonality and habitat preferences of
hedgehog northern coastal ecosystems. Spdta@lspotanalysisof trapping data provides

evidence obptimaltrap locations and trap types. | compare trapping data from two different study
sites, using different trap densities and trap types, and discuss the effectiveness of current hedgehog
control | also aim to help fill knowledge gaps in the general ecology, behaviour, and home range
variability of hedgehogs in a diverse duneland ecosystem (pasture, wetlands, scrub, and dune

grassland).
Objectives:

(1) Provide evidence of seasonal trends in hedgehog activity to inform optimal timing of control
efforts.

(2) Provide support for pest control operatidnsproviding evidence of habitat preferences,
effective trap types, and trap density for controllwgigehogs.

(3) Help fill knowledge gaps in the general ecology, behaviour, and home range variability of

hedgehogs in a diverse duneland ecosystem.
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1.6.5 Chapter 5:Thesis onclusions and ecommendations

In this chapter, summarise the key findings of mgsearchfrom the analysis dfiedgehog spatial

and trapping dataandprovide recommendations for bgstictice hedgehog contrdlhe implications

of my findings within the context ahvasivespecies management and conservation are disclissed.
also discuskow my research can contribute to the advancement of knowledlge @onservation of
hedgehogs in their native range in Eurofdee limitations of my researcareoutlinedandareador

further investigatiorare suggested

Footnote: Impacts ofextremeweather

The data collection in my study was impacted by multiple severe flooding events in Northland, New
Zealand, during January and February 20@2®8as intended that thieedgehog population density in

the Tara Iti Ecological Sanctuary would éstimated usingnarkrecapture. However, not enough
hedgehogs were captured after the flooding events in January and February to estimate the hedgehog
population density accurateljhetotal rainfallin Januaryand February waasxtraordinarilyhigh, and

they were two ofhe wettest monthsverrecorded in Northlan@NRC, 2023) Two significant storm
events during January 2023 led to an average total monthly rainfall of 366 mm across Northland,
485% of the expected January rainfate worst flooding occurred in Mangawhai during Cyclone
Gabrielle (12-15" February 2023). Mangawhai recordeshaximum Februaryainfall of 653mm,

976%0f the expected February rainfall (NRC, 2023). The rainfall for April and May 2023 also
remained higher than averageceiving 177% and 217% of the expected monthly rainfall,
respectively (NRC, 2023). These weather events impacted the ability of fieldwork to be carried out
due to extensive surface flooding and road closures. More importantly, the surface flooding covered
significant areas on the periphery of wetlands andligmg areas at the study site, modifying the
hedgehog habitat. In some ldying areas, théoodwaters renained for monthgok a long time to

recede (sealso Figure 1.1 & 3.13.
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Figure 1.1 An area of the golf course after the February 2023 cyclonelfliogvareas of the golf course

remained flooded for an extended periadd windthrown trees can be seen in the distance.
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Chapter 2: Methods
2.1 Study site

My study was conducted at Tara Iti Ecological Sanctuary (Tara Iti) located in Mangawhai, Northland,
New Zealand{36.1346,174.62058) from September 2022 to May 2023. The 622 ha ecosanctuary is
comprised of the Tara Iti golf course, Auckland Council Regioag{lBnd, and the coastal margin
managed by the Department of Conservation (DOC). Tara Itigastarn coastal margin dune system
that has been modified by various human activities over th20agtarsPreviously, the land was
covered in exotic pine plantatigrand extensive landscapiagd revegetation were undertaken to

return it to a more natural dufige environmentCurrently, agolf course covers 20% of the

sanctuary with nativdune grassland interspersed for dune stabilisationtérhainderof the

sanctuary is covered by exotic pine plantations, regenerating native vegetation, and wetlands.
Ecological restoration of the sanctuary is primarily led by Tara Iti Golf Connsartnership with
Auckland Council, DOC, Massey University, and The Shorebird Trust. Tara Iti Ecological Sanctuary
is a breeding sitfor the critically endangered fairy terBtérnula nereis as well as other endemic
shorebirds, such as the New Zealand dott€eh(adrius obscurys To help protect these species,

the site has undergone intensive trapping and monitoring programs for the last six years, which have
removed oveR,500pest animal specief. summary of Tara lti's trapping history can berid inthe
appendicessgction 6.1) The Tara Iti golf course is also undertakingest controprogramin the

Black Swamp Predator Control Zone (Black Swafrigure 2.1), 1303 ha of private farmland to the

west of Tara Itito provide a buffezonefor the threatened species breeding in Tardte Black

Swamp Predator Control Zofiea partnership between private landowners, Taolfi Course the
Shorebird Trustand Auckland Council.
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Figure 2.1 Map indicating study site boundariasd habitat typefor Tara Iti and Black SwamjRed lines
indicateRako Drive and Black Swamp Drivehich are included in the control area.
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Figure 2.2 The study site, TarailGolf Course, with thedreduns andthe edge of the golf course visible

2.2 Datacollection

2.2.1 Sampling design

Multiple severe weather events during January and February 2023 impacted the sampling design,
affecting both the habitat in the study area and the researchers’ ability to get to the study site and carry
out fieldwork. Consequently, the original sampling design had to be modified. The main difference

was the seasonal comparisons, witohld not be completed due téaak of site access and low

hedgehog captures.
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Table 21 Initial sampling design vs modifieshmpling design.

Initial design Modifieddesign

1) Estimation of hedgehog population siz Estimation of the home rang@d nightly home
through markrecapture. Four recapture range size of 11 hedgehdgs the Spring-
surveys wergo be undertaken Autumn period.
throughout one year

2) Estimation of the seasonal home rang Trail camera sampling to indicate the presenc
sizeof hedgehogs throughout one yearof pest specieand analysis dfiedgehog
using GPSags.Aimedto capture at trapping data from Tara Iti and Black Swamp
least 10 hedgehogs every 3 months  studyareas.

each season of one year.

2.2.3 Searching

The study area was searched for 4-6 hours after suséeg 2-dresearchetd\ tabledetailingdates,

search effortand weather conditions can be found in the appesdiable 6.1). Approximately 57.5

search hours were completed in spring 2022 during a weeklong sampling period in early November
using 34 researcherdn summer 2023, 42.5 search hours were carried out dhriegweekends in
February using-2 researcherdn autumn2023, 42searchhours were carried out by threzssearchers
during twoweekends in March and May. Handheld spotlights were used to search for hedgehogs, and
a thermal imaging scope was used for approximately 28.5 search hours toward the end of the

sampling period once it became gatle.

Researchers worked on differeérdansects but stayed within calling distarBecause of severe

weather, the sampling was less systematic than plapaest transects were not able to be repeatedly
searchediue to changing habitat conditiol$owever, we attempted to evenly split ggarch time
between different habitat types found in the study area, such as ticegsk farmland, angbine

forest The approximate area searched over the sampling period is displayedppénelicesKigure
6.4).Terrain and vegetatiomffected search efforts due to visibility and health and safety
considerations. fier storm eventghere were manwindthrown trees throughout the pine habitat
which had to beavoided tqrioritise health and safetyearch efforts in the pine habitat were

primarily focused on blocks where the undergrowth was cleared, making it safer to search and
provided greater visibility to observe hedgehogs. The area searched each night pathalso
determined by the local weather conditions, such as wind strength and direction. For example, the golf
course was exposed to strong winds, so search efforts there were primarily focused during calm
conditions. Some lovying areas were not able to be searched after the weaties during

January-March 2023 when flood waters remained for extended periods dhtaas . where
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hedgehogs had been captured on-tarheras anth previous samplingsuch as paddocks and road

edges next to farmlan@ere often searched multiple times a night

2.2.4 Processing and attachment of transnstter

Once spotted, ligehogs were live captured by hand aettl for approximately 105 minutes while
they weremeasured and thditted with GPS/VHF transmitter&each hedgehog was inspected for
general physical conditiosg»ed and weighed. The hedgehogs were marked using 10mm lengths of
1.6mm colouregblastic sleevingh{eatshrink polyolefin), glued tgix spines using household
supergluefollowing themethod recommended by Reeve et al. (20I8s enabled the shetrm
identification of individual hedgehoga household epoxy adhesive (Araldite 90 secomnds) used to
glue thetags to the dorsal spines of the hedggldoges & Norbury, 2006; Recio et al., 201he
sharp tips of the spines were trimmed in a small areac(@®/ 1.5cm) usinga small pair ofwvire
cutterpliersto maximiseadhesive to the tags. The hedgehogs were kept under obsefoatighort
period to ensure the glue had set and were then released near the point ofAlaphineal handling
and transmitter attachment and remowathods werapproved by th#assey University Animal
Ethics Committee (reference numb&EC 22/50).

Figure 2.3 A study hedgehog after marking and transmitter attachment.
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2.2.5 Equipment

Household kitchen scal¢8vanti precision estimatel g wereused to record theeight of the

hedgehogs on capture and release. If two hedgehogs were captured in the same location, a plastic cat
carry cage was used to temporarily hold.dree thermal imaging scopesed(Sytong, RM03-

35LRF)was designed for use with a rifle and has a deterdiogeof greater than 1000.

Figure 2.4 The hermalimaging scope usdd this study. SytonRM03-35LRFE

The GPS loggerased weré® PirPoint VHF-75 tag manufactured by Lotef otek NZ Ltd). These

tags contain both a GPS logger and a VHF transmiltter battery life of the GPS loggers was
approximately 7 days.he PinPoint tagsicorporate theSwift Fix’ firmware, enabling rapid fixefor

more frequent location recordingad improvedatterysaving optimisationThe tagsare designed

for use with birds andreighapproximately 6g well below the limit of 6.6% of a tagged hedgehog’s
body mass, a guideliriRecio et al. (2011) deemed appropriate for hedgehogs. This methosl allow
natural movementdefensive curling, and minimidesnaggingn burrows During November 2022,

the GPS unitsvere scheduled to log nightly positions anbiute intervals for 10 hours (20:00 h—

06:00 h)for a maximum of 4 nighturing May 2023,ite GPS unitsvere scheduled to log nightly
positions at 18ninute intervals for 3 hours(18:00 h—07:00 h)for a maximum of 6 night§ he

schedule aimed to capture hedgehog activity while conserving battery life during periods of inactivity
Static tests estimatednaeanlocational error of 3.3in in open areaand 14.04n under canopy

cover whichis considered an acceptable locational error for recording hedgehog movements (Foster
et al., 2021; Reeve et al., 202Ihe fix succes ratdFSR)was 99.4% in both open antbderate

canopy cover

2.2.6 Recapture and release
Once sampling sessions were complete, thEdiim tags werescheduledo emit a signafor trackng

using VHF radio telemetry. A Yagi aerial and VHF receiver were used to track the signal to the
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daytime densf the hedgehog¥he tags were removed by cutting the tips of the dorsal spines to
which they were glued, a process that took approximately 10 minutes of handlinghermint
locationsof the hedgehog demgererecorded using a handhel@@in GPS device (eTre32x).
Once the tag was removed, the hedgehogs were inspeetigtiedand then released back to their

daytime dern Care was taken to try to minimise disturbance to the dens.

2.3 Dataanalysis

2.3.1 Basicdhedgehog data

Basic data on the hedgehaogas recorded in an Excel spreadsiise¢Table 62 and Table 6)3The
weight of each hedgehog on initial captuaed recapture and release were recomlgdams The

sex dateand time of capture and recapture, number of sampling nights, location of chyuatien

of the dencolour marker, and total number of fixes were recordlbd.point location coordinates for
the capture location and recapture (den) locations were also reddrekesliremestof the front and
hind feet of the hedgehogs weénéially recordedbutit was abandoned asaaused handling time to
be too long, and not all the hedgehogs would uncurl enough to be able to tal@ieate

measurement.

2.3.2 Data processing

Once thetags wereremoved from théedgehogs, they weedtached to theotek DLC interface for
data downloadThe Swift Fix location datgrom the tags had to be processed inRhdoint Host to
get a text fileThetext files were converted to'‘@SV’ file andthenprocessed in Excelhe location
fixes were recorded ibniversal Standard Time (UMBnd wereconverted to Bw Zealand &ndard
Time (NZST) The number ofdiled fixes for each tagrere notedand a fix success rate (FSR) was
calculatedor each hedgehog dataset and each sampling figgidatasets for each hedgehog were
split up into sampling night®\ sampling nightvas definedas one night of activity for a hedgehog,
from the first location fix (taken after sunsa)the lastocationfix at sunriseThe Excel spreadsheets
containing the location data were then impoited ArcGIS Pro (Esri, version 3.1.2) using the table
to-featureclass toolThe feature classes were added to a map and plotted using the Plot XY function.
Thelocationdata verecleaned in ArcGIS Prby removing outliedata points that appeared to be

caused by high locational err@#.g., location fixes in the sea)

2.3.3 Statistical analysis

GPS location data from the tagged hedgehogs were plotted and analysed using Ar¢&IS Pro
calculate the seasontadme range, nightly home range, and average distance traVéledeasonal
home range is defined as the estimdteche range size during the period sampled in this stingdy.
nightly home range is defined in this study as the area utilised by a hedgehog in a single sampling

night. Incremental analysis was performedfmiwo most extensivéiedgehog datasets to determine
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the minimum number of sampling nights and locational fixes needed to reach a horizontal asymptote
and estimate the seasohame range. The captypeints and knowwlenlocations wer@verlaid

from GPS pointocationstaken during hedgehog capture and recapture. The Kernel Density
Estimation (KDE) tool, using the Natural Breaks Classification Witttlasseswas tilised to

produce a density raster from point deteeach hedgehog datadedicatingthe core area of the
home rangeThe 100% minimum conwepolygons(100% MCP)were calculatedsing the Minimum
Bounding Geometry todb estimate the area of the seasdmahe rang@nd the nightly home range
Sampling nights were colowoded tadistinguish thenfrom one anotheirhe PointsTo-Line feature
was utilisedo visualisethe sequencef travel over eaceampling night and allowed for the nightly
distance travelled to be calculat&the nightly distance travelled was determibgdsumming the
straightline distances between each location Tikis value was then averaged over the total number
of sampling nights for each hedgehog dataset to calculate the average distance {faeeUadint
Overlapping Features tool calculated the home range overlap between hedgifiggses

containing habitahndhome range layers were made in ArcGIS Pro.

RStudio (Build 524, Posit Software) and Minitab (version 21.4.1) were used to perform all statistical
analyses. Linear regression models were created to test the effects of sex, weight, and distance
travelledon overall home range size. Additionally, the effects of sex, weight, and seasonal home range
size on the average distance travelleste tested using a linear regression model. The Spearman

Rank test was performed to assess the correlation between the weight of the hedgehogs and the
seasonal home raa@nd nightly home range. Descriptive statistics for the seasonal home range and
nightly home range, including 95% confidence intervals and standard error for the mean home range
for male and female hedgehogs, were calculated using RStudio. The varitrcengman seasonal

home range and nightly home range for male and female hedgebgsalgulated, and Levene’s

Test for Homogeneity of Variance was performed in RStudio. Minitab was utitisgeherate box

and whisker plots for the nightly home range and nightly distance travelled for each hedgehog.

2.4 Animal trapping data

2.4.1 Data ollection

Trapping data from Tara Iti Ecological Sanctuary (Tara Iti) and the Black Swamp Predator Control
Zone (Black Swamp) from 2016 to 202@nerecorded on Trap.NZnd wereavailablefor analyss
(Groundtruth Ltd., 2023)rap.NZis afree onlinedata managemeservice whereommunity

trapping programs can lgploaded oto a mapping systepand pest contralatacan be storednd
viewed(Groundtruth Ltd, 2023l pest animalcatch data and trap information for Tara Iti and Black
Swamp weralownloaded fronTrap.NZ Tara Iti's pest control program aims to protect native wildlife
and enhancthe biodiversity of the ecosysteby controling mammalian pedatorgFlavellJohnson,

2022) The goalof theBlack Swamps to provide duffer zone to manageammalian predators at
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low densitiesreducing the likelihood of pest animals reaching ecologically sensitive along the coast

where fairy terr(tara iti) and other native shorebirds br&thvellJohnson, 2022).

2.4.2 Control devices

Tara Iti uses predominantly DOC250 traps, as well as live capture cag&teggdsators, Steve Allen
(SA2), and DOC200 traps. Double-set DOC200 traps (containing two traps side by side) are used in
areas close to fairy tern breeding sites. The Black Swamp Predator Control Zone primarily contains
DOC200 traps, with only a small number of DOC250s, Trapinators, and Timms traps. In the Black
Swamp project area, traps are provided to private landowners free of charge by Auckland Council.
Both DOC250 and DOC200 traps are enclosed in a wooden box with two mesh baffles to exclude
nontarget animalg¢see Figure$.1 and 6.2 in the appendiceBOC250 traps are designed primarily

for ferrets (Mustela furo) with a standard baffle aperture size of 80 mm by 8@Gamvey& Byrom,

2021). DOC200 traps target stodWutela erminepand weaseldMustela nivalis vulgariswith a

smaller baffle aperture of 60 mm by 60 mm (Warburton et al., 2008). Trapinators and Timms traps are
designed to target brughiled possumsIfichosurus vulpecula Steve Allen (SA2) traps target feral

cats and possums. Although there is no trap specifically designed for hedgehogs, both DOC 200 and
250 traps have met the National Animal Welfare Advisory Committee (NAWAC) criteria for kill traps
targeting hedgehogs (Jones et al., 2021).

Table 2.2 Thenumberof traps used in the study sites.

Trap type Black Tara lti Marginal
Swamp (621.9 ha) Strip (175
(1330.01 ha) ha)
DOC200/| 183 30 244
DOC250| 8 110 1
Trapinator | 31 37
SR |0 31 21
CageTrap | O 15 3
Timms| 4 0
BT200 2
BT250
Leg hold 8
Total | 226 223 280
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2.4.3 Traping Regime

Tara Iti

Mustelids (stoats, weasels, and ferrets), possums, rats, and feral cats are all targeted by Tara lIti's pest
control programHedgehogs are treated as bycatch and are not specifically targeted, although they
constitute a high proportion of the total trap catch. Trap lines in Tara Iti follow transect lines with a
spacing of approximately 200 m for DOC250 and DOC200 {f@ipgsre 4.3). Live capture cages are
spaced 500 m apart, and possum traps are approximately 200 m to 500 m apart. In Tara lti, the
DOC200 traps are mostly located in and around the golf course. Traps are typically checked
fortnightly yearround (with some variabilityby the conservation managers for Tara Iti. Rats are
targeted through a 50 m by 50 m network of bait stations used to distribute rodenticide. All data from
the trap checks are recordedlmap.NZ allowing ongoing monitoring of progress. Pest moniigis

also conducted using “rethrough” tracking tunnelt indexrodent and mustelid abundance. There
were two months (April 2020 and September 2021) when traps could not be serviced due te COVID

19 lockdowns, and no data were recorded.

Coastal Marginal Strip

The coastal marginal strip in Tara Iti Ecological Sanctuary has a higher level of pest control due to its
proximity to fairy tern breeding sites and is managed by the Department of Conservation (DOC). This
includes the trapline running along the beach and the surrounding area near the river mouth on the
southern end of Tara Iti. These traps are checked weekly during the shorebird breeding season
(August to February). The highest level of control is implemented, involving adeigsiy trap

network with a 50 m spacing of doutdet DOC200 traps, live capture traps every 200 m, and rat

poison bait stations on a 50 m by 50 m gRj(re4.3.

Black Swamp

Mustelids are specifically targeted by the Black Swamp trapping regime, pobsatim, and
hedgehog numbers are also reduagdthe trapping progranthe minimum control level i®ne
DOC200 trap pesix hectare of land but some areas have a higtrap densityThere are larger
distances between traps, but the network covers twice the size of the &eam lii Black Swamp,
traps are checked monthly during the winter monther¢h to July) and once every fortnighterthe
summer months (August to Februaryhis is to target pest control efforts during bibté native bird
breeding seson and thenustelid breeding seasdkpproximately half the traps in the Black Swamp
Control area are maintained by private landowremms the rest are maintained by the conservation

managers for Tara lti.

2.4.4 Data analysis
Processing

The animal trapping dafeom 2016 to September 2022w exported from Trap.NAs CSV files and
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imported into Excel to bprocessedAll trap information and location data were exported from
Trap.NZand converted to CSV files that could be imported to ArcGIS Pro. Hedgehog capture data by
month and year were combined with the trap location coordinates. Habitat layers for Mangawhai were

exported from the Land Information New Zealand Data Service (LINZ, 2023).

Statistical Analysis

A bar chart of the hedgehog cagslper year from 2018 to 2023 was created in Microsoft Excel

show the drop in hedgeheogtchesn 2023. Excelvasalsoused togenerate ahart oftheseasonality

trends in hedgehog catéfom monthly catch data exported from Trap.NHe Excel forecast

function was used to predict the expected hedgehog catch for 2023 based on the previous six years of
data. The forecast function predifisure valus by using linear regression and creates a line of best

fit for future databased on historical data. Trap locations were mapped using ArcGIS Pro and overlaid
with habitat layers and a heat map of the number of hedgehogs caught at each trap location from 2020
to 2023 revealinghot spots in hedgehog catci{eNZ, 2023). Additionally, anap of the trap

locations within the seasonal home range of the study hedgelsgseated in ArcGIS Pro to

indicate the gaps in the trap network. The hedgehog cdtcme2020 to 2023 for Black Swamp and

Tara Iti wereplotted in Exceto demonstratdifference in the numbers of hedgehogs caught between

the sites.

2.5 Cameratrapping data collection

A network of baited trail cameras wiadtially set upto indicate hedgehog presence to assist live
capturefieldwork. These ftail cameras collected pest animal footfrgen Tara Itifrom November
2022 to May 2023. Hedgehogs were targebedithe cameraalso captured the presence of other pest

animak. Thetrail camera data @eanalysed alongside the animal pest trapping data.

2.4.1 Equipment

Two types of Bushnell trail cameras (Trophy Cam E3 essential and @i¢eéN® Glow)were used to
collect pest animal footag€hese cameras hawefraredLED night vision flasho ensure clear
footagecanbe recorded during the nigfithey were programmed toapturethree pictures when
activated by motion and have a trigger speed of 0.3 secbnelpassie infrared sensor (PIR) is

motion-activatedup toapproximately30 metres
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2.4.2 Placement
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Figure 2.5 Map of thel3trail camera locations with the number of hedgehogs recorded and the trap locations
where hedgehogs had been trapped duhiagsame periodMarch-May 2023). Novembe2022data was

excluded as many traps were disabled during this period.

Camera sites were set up in different habitats where live capture sampliogndlasted, such as

pine forest, golf course, wetland, and edges of farmland and roadstdea. of thirteen camera sites

were used during samplirjgigure25). The camera locations were chosen-namdomly along linear
features (such as fence lines and traek®re animals could be caught moving through the area. The
cameras were attached to trees where possible, or statkésncepostsin open aregsapproximately

20 cm off the groundA dry or tinned cat food was placed approximately 1 m to 1.5 m on the ground

in front of the camera. Vegetation, such as long grass, was cleared in front of the cameras so it would
not block the camerdsom taking a clear imag

2.4.3 Experimental design

Trail camera footage was collected for approximately a week during the months of November 2022,
March 2023, April 2023, and May 2023 (Table 2.3). Notlditeencamera sites werdilised for the

full duration of sampling. Following thovember 2022 sampling, fonew camera sites weaglded
around the golf course to indicate hedgehog presence. However, ttrieocamera sites on the golf

course were excludetlring April and May 2023 due to golfing activities restricting researchers
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accessThe trail cameras were baited daily with tinned cat food (“Fancy Fehsif)g November

2022. FromMarchto May 2023, the cameras were baited weekly with either tinned or dry cat food
(Whisker’s cat biscuits). The SD cards and batteries were also checked weekly when the bait was
refreshed. The trail cameras were set to record during the nightsaniset to sunri3&nd were

activated by motion detection

Table 2.3 Sampling effort of trail camera footage.

Camera sites Month Sampling nights Camera nights
9 | November 2022 5 45
13 | March2023 9 117
11 | April 2023 8 88
11 | May 2023 6 66

2.4.4 Data analysis

The animal trail camera footage was downloaded from camera SD cards, and pictures were processed
manually. Trail camera data were recorded in a Microsoft ESpreladshediable 64) Thetiming of

visits (by hour of night)of hedgehog#o baited cameras was plotted in Exicetletermine which

hours of the night theyrere most likely to visitThe proportion of camera recordings by species was
compared between the different sampling periadsl bar charts were plotted using Minitab software.

A map of the camera locations, including nearby trap locations, and a heatmap of hedgehog camera

recordings and trap catch for the same periodwere generatesh ArcGIS Pro (Figure 2)5
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Chapter 3: Hedgehog spatial eology in northern coastal
ecosystems of New Zealand

3.1 Introduction

3.1.1 Home range

Home rangeefers to the area that an animal occupies and within which they confine the majority of
their essential activities such as foraging, den construction, reproduction, and rearing young (Burt,
1943; South, 199Boérger et al.2008; Heathcote at al., 2028)territory is distinguished from a

home range in that it is actively defended by an indivithoah other competitors, usually

conspecifics (Burt, 19438B0rger et al.2008). Not all species are territorial and actively defend their

home range (Burt, 1943n the context of spatial ecology, the home range represents the spatial

extent over which an animal carries out its daily and seasonal actiitiege¢ et al. 2008). Home

range is a core concept in spatial ecoja@mnd quantifying home range size is a basic step towards
understanding the ecological requirements of a species (Borger et al., 2008). Studying the home range
of a species can provide insight into several aspects of ecslagjyas resource utilisation

movement patterns, population dynamics, behavioural ecology, and conservation managstaeht (

et al., 2019; Butler et al., 2020lejarz et al., 2022). For example, Olejarz et al. (2022) found there to

be kin-related home range overlap when studying the spatial ecology of female browktsess (

arctog in Finland Animals confining their activities to a discrete home range is thought to reflect the
fithess benefits that come with obtaining a spatial knowledge of the landscape (Heathcote et al.,

2023). It allows an animal to learn the location and exploit patchily distributed resources such as food
and shelter (Heathcote et al., 2023). For example, Heathcote et al. (2023) showed the mortality risk of
pheasants from predators to be highest at the outer edge of the home range, where individuals had less

spatial information.

Variability in home range size withimany mammal speciesdgiven by demographicharacteristics
such as age class, sex, and reproductive fdatéliard et al., 2008; Abu Baker et al., 201Home

range size often differs between males and females within a s@aaas, many casemales have

larger average home ranges tfeamales Rautio et al., 2013; Abu Baker et al., 20IiMis has been
observed in mammalian species such as m@sderlund & Sand, 1994)acoongGehrt& Frttzell,

1997), bats%afi et al., 2007), and hedgehogs (Rautio et al., 2013; Abu Baker et a)., l26d/éver,

age class angkproductive state can also afféoe home range siz€¢derlund & Sand, 1994;

Devillard et al., 2008). For examplEuropearrabbits(Oryctolagus cuniculyshave larger home

ranges during the reproductive season for both sexes, and juveniles have larger home ranges than
adults Devillard et al., 2008)If variability in home range exists within a species due to demographic

characteristics, it is important to have sepagatenates for juveniles, males, and females within a
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speciego assist in botinvasive species management and conservation of endangered spaities (
al., 2007; Devillarcket al., 2008; Abu Baker et al., 2017).

3.1.2 Relevance to invasive species management

Home range is an important ecological concept that can also help guide the spatial management of
invasive species (Smith et al., 2015; Hradsky et al., 2019). In many cases, invasive species exhibit
higher biological success in their introduced ratiga intheir natural range (Parker et al., 2013).
Quantifying home range estimates and habitat preferences can optimize targeted control of elusive
animals (Bartoszett al., 2021). For example, Rodrigueeeioet al. (2022) studied the home range
behaviour and resource selectionmifoduced feral catd-glis catu$ onthe remotesubantarctic

Auckland Islands of New Zealand to assisthe eradicatiomf this pest species. They found the

average home range size to be larger than estimates from other offshore islands and the mainland of
New ZealandRodriguezRecioet al., 2022). Smith et al. (2015) demonstrated how home range data
can be used to optimise control of invasive stddiss{ela erminepby employing a modelling

approach to advise on the line spacing of control devices (such as traps). If conservation managers can
ensure a trap is within the estimated home range size of individuals within a population, then they

increase the probability of those individuals interacting with the traps (Smith et al., 2015).

3.1.3 Knowledge gaps and rationale

There are currently no studies estimating hedgehog home range size using GPS technology in the
northern coastal ecosystems of New Zealand. Jefferies (2011) previously estimated the home range
size of hedgehogs in the coastal dunelands of Auckland using radio telemetry. Overall, home range
estimates used to guide pest control measures of hedgehogs in the North Island of New Zealand are
limited and based on field technigques and radio telemetry only (Brockie, 1974; Parkes, 1974; Gorton,
1997; Berry, 1999). Duneland coastal ecosystems are distinct, diverse, and threatened landscapes
(Hilton, 2006) that provide refuge to many endangered spédissa]l, 2006; Jamieson, 2010;

Brooks et al., 2011; Melzer et al., 2022). The nature of duneland systems means that the nesting birds
that use dunelands are often ground nesters, making them vulnerable to predation by hedgehogs.
Likewise, reptile species in duneland systems also tendgmhbhadbased Hedgehogs are

hypothesized to have a detrimental effect on these ecosystems and native species but there is a lack of
guantitative evidence on theipecific impacts on duneland systems. Previous research estimating

home range size in hedgehogs in both Europe and New Zealandhsgbwariability in estimates

based on the environment and climate (Brockie, 1974; Parkes, 1975; Haigh, 2011; Rautio et al., 2013;
RodriguezRecioet al., 2013; Gago et al., 2022). This indicates the critical need for specific estimates
of hedgehog home range in a coastal duneland system to help guide best practice control of

hedgehogs in this environment.
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3.1.4 Objectives

In this chapter address two key objectives (1) to provide estimates of the home range size and
average distances travelled by male and female hedgehogs in a navdstah eosystenmand (2) to
expand current knowledge of the movement patterns, habitat preferences, and spatial distribution of

hedgehogs using GPS location data.

3.2 Results

3.2.1 Searchféort

A total search time of 142 hounsascarried out in variable weather conditions from September 2022

to May 2023 (Fig. 3.1)Elevenhedgehogs (four males and five females during November 2022 and

two males during May 2023) welige capturedandfitted with Lotek Pinpoint VHF75 tags for a

maximum of seven day$he average fix success rate was 92% for the GPS tags, which is considered
highfor hedgehoggéReeve et al., 2021Dn three occasions, the tag detached from the hedgehog

before the end of sampling. All 11 hedgehogs captusedlly appeared healthy during the initial
captureThe weights of the hedgehogs ranged from 466 g to 834 g. The heaviest tagged female (834Q)
was nursing 4 hoglets weighing 66 g eddhon recapture, Hedgehog 2 was found curled outside, not

in a den, and had lost 42 g of weight. This hedgehog could have been suffering from disease,
although, hedgehogs have been known to sleep in the open or under minimal cover in warm weather
(Moss, 1999; Barthel et al., 2018). The average weight of the female hedgehogs sampled (728 g) was
heavier than the male hedgehogs sampled (599grpup of three female hedgehogsre located by
researchers because they were heard making vocalisations (snorting). It was uncertain what the
context was for these vocalisations, such as aggressive or social behaviour. However, other hedgehog
studies have noted loud rasping and snortimiges during aggressive encounters as well as during
courtship (Haigh et al., 2012).
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Figure 3.1 Search effort vs hedgehogs caudiiting each season where sampling occurred. 58 search hours
were carried out in Spring 2022 and 11 hedgehogs were live captured (adges). No hedgehogs were

caught during Summer after 43 search hours. 2 hedgehogs were captured after 42 search hours in Autumn 2023.
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Figure 3.2 The cumulative seasonal home range for Hedgehdyg,110(M), and 11(M).

Hedgehogs do not cover their entire home range in one night but instead cover an increasing area of
the seasonal home range over three or more days. Incremental analysis of the home range of three
hedgehog datasets indicates that a minimum of three sgnmidints is required to estimate over 80%

of the home range of a hedgehog. During the first sampling night, Hedgehog 10 only covered
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approximately 20% of its overall home range. Whereas Hedgehogs 1 and 11 covered closer to 50% of
their home range during the first sampling night. Hedgehog 1 covered 100% of their home range after
three sampling nightsvhereas Hedgehog 10 took five nights, and Hedgehog 11’'s home range was

still increasingso it could not be determined.

3.2.2 Seasonal homange

The seasonal home range varied in size and shape between individual hedgehogs and seeas. The
home rangé+ standard erroffpr all hedgehogs was 7.1161 ha(95% CI 3.5, 10.7). The average
seasonal home range was higher for males,8284ha (n= 6), than for females, 5.62 + 2.13 ha (n=

4) based on 100% MCP, but this difference was not statistically significant (p > 0.05). The seasonal
home range for male hedgehogs ranged from 4.14 ha to 19.2 ha and female hedgehogs ranged from
1.84 hato 11.3 ha. Thariance for males (32.72) was higher than for females (18.20) but this was

not statistically significantlevene's Test for Homogeneity of Varianceydfue=0.014, p > 0.05).

The lack of statistical significance may have been due to the small sample size (n=10).

Hedgehog 8 had the largest home range (11.29 ha) out of the female hedgehogs sampled. Her home
range covered predominantly exotic pine forest whereas Hedgehogs 4 and 5 were in pasture and had
much smaller home ranges (1.84 ha and 2.89 ha). Not enough data were collected for Hedgehog 7
(female) to determine the home range size. Hedgehog 1 (male) had the largest home range out of all
the hedgehogs sampled (19.21 ha) which waslgnan farmland habitat with some small fragments

of hedgerows andative bush where the den was located.

Linear regressionsing the variables sex, weight, and average distance travelled showed only distance
travelled to be a significant predictor of the overall home range stzeqB69; p < 0.05). The
Spearman Rank Correlation test did not find a significant correlation between the weight of the

hedgehogs and the seasonal home rahge@.17, p > 0.05).

Hedgehogs do not use the area of their home range egalfg areas are occupied more intensively
(Figure 3.4). Kernel density estimation (100%) based on location point data defined the core and edge
habitat of each study hedgehog's home raiige core habitat used by the hedgehogs was a

significantly smaller area compared to the 100% MCP. The core area ranged from 0.86 ha to 3.77 ha
(n=7).
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Table 3.1 Data collected from 11 tagged hedgehogs.

ID Sex Season Seasonal home Average distance Sampling Weight  FSR (%)
range (ha) travelled per night (m) nights
7 F Spring * 4,071 1 572 99.1
4| F Spring 1.84 1,140 3 672 99.4
5 F Spring 2.89 1,326 3 785 92.6
9 M Spring 4.96 1,454 1 672 95.1
3 M Spring 4.14 1,749 3 691 98.7
11 M Autumn 4.41 799 6 484 70.3
6 F Spring 6.47 2,680 15 622 99.1
2 M Spring 7.16 2,093 3 555 91.3
10 M Autumn 8.48 1,282 6 466 79.3
8 F Spring 11.29 3,586 2 834 96.4
1M Spring 19.21 2,418 4 672 90.7
Legend
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Figure 3.3The seasonal home range of 11 hedgehogs as 100% minimum convex polygons.
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Figure 3.4 Kernel density estimation (KDE) of the seasonal home ratigedgehog 7 and wereexcludedas
there was insufficient data talculate a core range.

3.2.3 Nightly homeange

The nightly home range size and shape varied over different nights and between indiFiduats

3.6). In some cases, the hedgehogs foraged in different areas of the seasonal home range over
consecutive nights. The area foraged over the sampling nights often overlapped, especially over roads
and nesting areas (Figure 3.6). The mean area foraged each night (the nightly home range) was 3.46
ha with a standard deviation of 3.26.

The nightly home range for males ranged from 0.5 ha to 13.7 ha. The nightly home range for females
ranged from 0.6 ha to 10.9 ha. The mean nightly home range was similar for males (3.4 ha; n=23) and
females (3.6 ha; n=9). However, the median nightly home range was higher for males (2.6 ha) than
females (1.4 HaThe variance in the nightly range was higher for female hedgehogs than male
hedgehogs but this was not statistically significant (p > 0.05). The Spearman Rank Correlation test
indicated a mild positive correlation between ligelgehog weight and nightly home range, but this

was not significant (= 0.2, p > 0.05).
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Figure 3.5 Box and whisker plot of the nightly home range data from each hedgehog. Female hedgehogs in blue

and male hedgehogs in red. Only 1 sampling night was gathered from hedgehogs 6 and 9.
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Figure 3.6 Nightly activity of each tagged hedgehog with coloaded sampling nights.
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3.2.4 Distanceraivelled

The average distance travelled per nighstandard erromyvas 1853 n¥ 267 m(95% C11245 m,

2459 m). The male hedgehogs ranged from 799 m to 2417 m, with an average ofA83Z m

The female hedgehogs ranged from 1140 m to 4071 m, with an average of 2@BDmtravelled

per night. The average distance travelled by females was higher than males, but this was not
statistically significant (p > 0.05). The highest distance travelled in one sampling night (4071 m) was
completedby Hedgehog 7 (female) and appeared to be a dispersal trip. This hedgehog covered the full
width of Tara Iti from the neighbouring farmland to the edge of the golf course, indicating that
hedgehogs can travel from the neighbouring farmland to shorelsiidghareas in one night of

activity. Linear Regression using the variables sex and wsigiwedneither to be a significant

predictor of the average distance travellHte Spearman Rank Correlation test indicated a moderate
positive correlation between the hedgehogs' weight and nightly distance travelled that was significant
(!'=0403, p < 0.05). Theariancen the nightly distance travelled was higher for female hedgehogs

than males but wasot statistically significant (p > 0.05).

Figure 3.7 Box and whisker plot of the nightly distance travelled (m) by each hedgehog. Female hedgehogs are
in blue, and male hedgehogs are in realy@nesampling night was gathered from hedgehogs 6 and 9.

Hedgehog 7 was considered an outlier and excluded from this plot.
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3.2.5 Homeange werlap

Legend

w Dens
Overlap Count
1

2

3

4

Em5-6

[ Male

i__1 Female

Eagle Technology, Land Information
New Zealand, GEBCO, Community maps

A 0 100 200 Meters contributors
Y Y I B |

Figure 3.8 The seasonal home range overlap between hedgetingad 911. The overlap count is indicated
by colour intensitythe darker the colouthe higher the overlap count. Dens are indicated by a star symbol with

a hedgehog ID number.

Of the 11 study hedgehogs, all the seasonal home ranges overlapped with at least one other hedgehog
of either sex. There was an area of 0.53 ha where 6 home ranges overlapped over a road (Rako Drive),
and an area of 1.37 ha where 5 or more home rangdapped. The foraging areas of some

hedgehogs overlapped significantly. However, there is less overlap in the kernel density estimated

core range of hedgehogs (Fig®d) compared to the seasonal home range estimated by 100% MCP.
Some of the hedgehog ddtes were located close together. Two of the hedgehog dens (1 and 9) were
located only 28 m apart. Hedgehogs 5, 2 and 11 all had dens in the same hedgerow, approximately 50
m apart, and there was overlap in activity of these areas between hedgehogs (Figure 3.4
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3.2.6 Hedgehog dens
Table 3.2 Hedgehog den descriptions.

Hedgehog ID Sex Weight(g) Den Description

1| Male 672 Ball of dried grass beneath fern undergrowth.
Male 555 Found in curled up by a gorse bush, not in a den.
3 | Male 691 Ball of driedgrass in overgrown pasture by large
pampas grass.
4 | Male 672 Ball of driedgrassin overgrown pasture.
5 Female 785 Under a log covered by overgrowdikuyu grass.
6 | Female 622 Under a dump pile of dead vegetation.
7 | Female 572 Nestdugin the side of a sand dune, covered by dead
tussock grass (Figure 3.9
8 | Female 834 Nest dug into the sandy soil on a leitlvered by leaf
litter and dead vegetatioBreeding den with four
hoglets.
9 | Male 672 Dense ball of dead grass in a small fragment of nativ
trees and fern undergrowth.
10 | Male 466 Hole at the base of éboegrass, covered byigd grass
(Figure 3.10).
11 | Male 485 The base of a dead gorse bush, coverediby grass
and vegetation (Figure 311

AN Y
i (ady AR S -l

Figure 3.9 Uncovered den of Hedgehog 7.  Figure 3.10Uncovered den of Hedgehog.10 Figure 3.11Uncovered entry to den of
Hedgehog 11, hedgehog inside.

A Bl
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3.3 Discussion

3.3.1 Home range

Overall, | observed that hedgehogs occupynall core area of their home rariggensivelywhile

covering its entirety over several foraging nigftsis findingis consistent with previous hedgehog
researchHrom England (Morris, 1988) and the South Island, New Zealsliodg, 1999). Morris

(1988), also found that the nightly range used by hedgehogs varied and increased cumulatively with
the number of sampling nights, reaching an asymptote after six to seven nights. Moss (1999) also
foundthat hedgehogs occupied a core area that was a fraction of their total home range. However, the
core range reported by Moss (1999) using radioking data was higher than my estimates that used

GPS location data and kernel density analysis.

Previous research on the home range of European hedgehogs shows estimates to be highly variable
depending on the habitat and environmental conditions in both their introduced range in New Zealand
and their native range in Europe (Moss, 1999; Rautio et al., 2013; Rodriguez Recio et al., 2013; Gago
et al., 2022; Table 3.3). In my studyetoveralimean home range size was 7.1hh6 haThe

average seasonal home range was higher for males @83 ha) than for females (5.1 h3, but

the difference \as not statistically significant due to small sample sizes and high variation between
individuals. Male hedgehogs ranged from 4.1 to 19.2 ha and female hedgehogs ranged from 1.8 to
11.3 ha. Few studies investigating home range have been completedpastanal habitats (Table

3.3). My estimates fit most closely with Jeffries’ (2011) study in coastal dunelands in Auckland and
Gorton’s (1998) study in a mixture of pastoral farmland and native bush inNaikarapa in the

North Island of New Zealand; both study’s findings fall within my estimated range for male and
female hedgehog®eliable estimates of home range sizes for hedgehogs in duneland ecosystems are
critical as less than 30 percent of New Zealand'’s natural duneland systems remain for native species
such as the endangered New Zealand dott€redr@drius obscurus aquiloniuBowding, 2020) and

the critically endangered New Zealand fairy te8te¢nula nereisHilton et al., 2000; Brooks et al.,

2011).

Overall, the home range estimates in northern New Zealand (Parkes, 1975; Gorton, 1998; Jeffries,
2011) are smaller than estimates in the native range of hedgehogs in Europe (Reeve, 1982; Riber,
2006; Haigh, 2011; Rautio et al., 2013), except for some wteas Korslund et al., 2023 Home

range estimates from hedgehogs in the colder climate of the South Island of New Zealand (Moss,
1999; Rodriguez Recio et al., 2013) are more similar in size to estimates from hedgehogs in Europe
than to hedgehogs in nbern New Zealand. The main reasons for differences between these studies,
and my own, likely include habitat and the latitudinal effects on climate conditions (Rautio et al.,
2013; Gago et al., 2022). Home range estinfateledgehogs in milder parts of their European

native range, such as Spain, are similar to my estimatago(et al., 2022ylarco-Tresserres &
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Lépezlborra, 2022)This further supports the idea that climate conditions underpin the variability of
the home range sizes in European hedgefidgss, 1999; Rautio et al., 2013; Rodriguez Recio et al.,
2013; Gago et al., 2022

Hedgehogs in Europe are on average heaMerr{s, 1984;Dowding et al., 201,0Gurnell et al.,
2015;Marco-Tresserres & Lépetlhorra 2029 than hedgehogs in New Zealdmd50 to 200 grams

(Brockie, 1974; van Heezik et al., 2028his indicates thaBergmann’s rulecould partlyexplainthe
difference in home range size between hedgehogs in New Zealand and Europe. Bemgesstates

that mammals in a cooler climate tend to be larger than those within the same species inhabiting a
warmer climate (Meiri & Dayan, 2003). Hedgehogs in Europe will require larger body fat reserves to
survive a colder and longer hibernation period, and they must concentrate their activity on building up
these reserves during a shorter period before winter. Larger animals produce more metabolic heat and
experiencdess heat loss than small animals (Meiri & Dayan, 2003). Smaller heddednama

greater surfacés-volumeratio and lose more heat in cold conditioasd thus would experience

higher mortality over winter conditions in Europe

This in part explains the differences in home range size, but other factors, such as habitat quality and
natural predators are likely to influence the home range of hedgehogs in their natural range in Europe
(Dowding et al., 2010). The reported differences in home rangéeatizeen New Zealand and
Europearealso likelylinked to higher food availability due to warmer temperatures, a longer active
seasonand a shorter hibernation period in New Zealand (Jones, 2021).

Nightly differences irhome ange

The size of the home range and distances travelled varied between individual hedgehogs and over
different sampling nightior individual hedgehogs. The mean nightly home range was similar for
males (3.4 ha; n=23) and females (3.6 ha; n=9). The range wafowii#h malesr@nging from 0.5

ha to 13.7 ha) and femalesaitging from0.6 ha to 10.9 haHedgehogs foraged in different areas of
their home range over consecutive nights, potentially seeking fresh foraging areas where food
resources have not been depleted or seeking out new nesting areas. In their natural range, Gurnell et
al. (2015) found hedgehogs in The Regent’s Park in London to have a nightly home range of 1.5 ha
for males and 2.2 ha for female hedgehogs. Dowding et al. (2010) estimatedyahuigte range of

2.87 ha for male hedgehogs and 0.77 ha for female hedgehogs in the United Kingdom. Although |
detected no significant sévased difference in the nightly home rarigdividual variability inthe

nightly rangingbehaviourof hedgehogfrom night to night and between the sekesheir native

range in England was reported by Morris (1988). Morris (1988) estirttatadean nightly home

range to be 5.15 ha and ranged from 4.844 ha for hedgehogs inhabiting pastoral farmland in
Englandand concluded that it is difficult to make generalizations about the nightly activity of

hedgehogs due to the variability in hedgehog behaviour from night to night.
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Factors such as weathmnd temperaturigkely play a part imregulating the nightly activity of

hedgehogs. Hedgehogs likely spend more time in dens during bad weather such as high wind and
heavy rain based on observations during my study. Only one small juvenile hedgehog was found

during searching on nights with poor weather conditions (high winds andiradontrast, Dowding

et al. (2010) found hedgehog ranging behaviour and activity were not significantly affected by

rainfall. Whereas temperature, in combination with other variables such as sex and time of night,
significantly affected hedgehog movement patterns (Dowding et al., 26&@ased nightly

temperature is associated with an increase in the abundance of invertebrate prey items and an increase
in hedgehog activity (Dowding et al. 2010). Conversely, it is expected that low temperatures,

associated with low invertebrate abundamesult in lower hedgehog nightly activity.

Home ange werlap

The high degree of overlap in the home raagmnghedgehogs provides evideritat hedgehogs are

not territorial. These findings lgn with results fromother studies in Blw Zealandthat have all
demonstrated overlapping home ranges in hedgdl@agyapbell, 1973Parkes, 19755orton, 1997

Moss, 1999). Moss (1999) found hedgehog home ranges to overlap by 26 to 39 percent. In my study,
several hedgehogs had home ranges that almost entirely overlapped (100% MCP). However, the core
areas used frequently by individual hedgehogsiwitieir home range, such as their den sites, tend to
overlap less witlthose ofother hedgehogs itompaisonto the foraging aregs 30% versus >80%)
Patterns of overlapping home ranges have been observed in other small mammal populations
(Wauters & Dhondt, 199Xoskela et al., 1997; Steinmaanal., 2005). Imed squirrels$ciurus

vulgaris), there is extensive range overlap between both sexes, however, core ranges overlap between
individuals of different sexes more and dominant females defend their core range from other females
(Wauters &Dhondt, 1992 Home ranges overlap in bank vol€gthrionomys glareoly<ut the

range overlap between females decreases when they are pregnant and raising young (Koskela et al.,
1997). Similar observations were also found in corn mice, with home range overlap higher between
males and femalesteinmanret al., 2005)These studies conclude that a likely cause of home range
overlap is the need for social contact between males and females for breeding. The home range
overlap observed in hedgehogs is caesiswith a promiscuous mating system where both males and
females will mate with multiple individualfRautio et al., 2013). Both promiscuity and mixed

paternity have been confirmed in hedgehogs in previous research (Jackson, 200&tMbr2009).

Six of the tagged hedgehogs had home ranges that overlapped over a portion of the road (Fig. 3.8).
The implicationof a high degree afverlg is that common travel routes for hedgehogs, such as road
edges, can be exploited to increase the chance of encbatieen traps and multiple individual
hedgehogs.
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Core range

In my study, the core range of hedgehogs was estimated at between 0.86 ha to 3.77 ha. The core range
represents the area within the home range that hedgehogs utilise most intensively and is typically
much smaller in size compared to the 100% MCP (Minimum Convex Polygon) home\\augers

et al., 2007). Hedgehogs in my study exhibited multiple hot spots of activity, which included known
den and other likely but unconfirmed den sites. Hedgehogs are known to use more than one den and
do not occupy the same den every night (Jones, 2021). Other small ingpapies such asd
squirrels(Sciurus vulgarishave been shown to intensively use a core area, smaller than their total
range Wauters & Dhondt, 1992). Sugar glideBefaurus breviceps), an Australian small mammal
species, used an average core home range (50% KDE) of 1 65acarfin & Mikac, 2022). The
conservation implication of hedgehogs having a core range is that it indicates the density of traps
needed to result in a high chance of hedgehogs encountering traps. For example, in vulnerable
shorebird breeding habitat, the density of traps shoeildased on the core range of a hedgehog. A
similar recommendation ofteap dengy of onetrap per kctarehas been suggested by Moss (1999)

based on the core range estimate of hedgehogs.
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Table 3.3 Previous home range estimates for hedgetrggsised by latitude

Location Latitude Species Habitat Season  Sex Mean home Range Method n Citation
range iSE  (ha)
(ha)
New Zealand
Northland -35° 34 European Pastoral farmland, arabl Spring Both sexes 7.1 +1.61 1.819.2 GPS tracking, 10  Present study
hedgehogs land, pine forest, and  Autumn 100% MCP
(E. europaeus scrublandn a coastal Males 8.06 +2.34 4.1-19.2 6
duneland system. Females 5.62+2.13 1.811.3 4
Auckland Region -36° 51" European Coastal dunelands. Summer Males 16.7 Radioc Jeffries, 2011.
hedgehogs tracking.
(E. europaeuy Females 6.7
Hawkes Bay -39°19’ European Mixed forest, grassland, Summer Males 29.3 9.4-46.9 Radio 7 Berry, 1999
hedgehogs and scrubland. Autumn tracking, 95%
(E. europaeus MCP
Manawatu -39° 36’ European Pastoral farmland and Al Males 25 0.84.8 Mark- 4 Parkes, 1975
hedgehogs pine plantation. seasons for recapture,
(E. europaeus 18 months Females 3.6 1.06.5 convex 10
polygons
Wellington -41°17 European All Both sexes 18.7 5.1-25.9 100% MCP 10  Brockie, 1974
hedgehogs Suburban area, with seasons fol
(E. europaeus amenity grassland. 2 years.
Lake Wairarapa -41°12 European Pastorafarmland and Spring Males 9.6 7.412.7 Radio 3 Gorton, 198.
hedgehogs native bush. Autumn tracking,
(E. europaeus Females 4.2 3.05.1 95% MCP 3
Canterbury -43° 36’ European Pastoral farmland. Summers Males 2.4 Mark- 7 Campbell, 1973
hedgehogs over 2.5 recapture,
(E. europaeus years Females 2.8 convex 7
polygon
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Mackenzie Basin

Mackenzie Basin

Europe
Finland

Kristiansand, Southern
Norway

Denmark

Rural
Ireland

West London, England

-43° 52'

-43° 52'

64° 54’

56° 00

53°19'

European
hedgehogs
(E. europaeus

European
hedgehogs
E. europaeus

European
hedgehogs
(E. europaeus

European
hedgehogs
(E. europaeus

European
hedgehogs
(E. europaeus

European
hedgehogs
(E. europaeus

European
hedgehogs
(E. europaeus

Grassland and scrublan Summer

within a braided river

floodplain.

Scrub, willow, and
grassland near braided

rivers.

Urban area.

Urban area.

Deciduous forest, arable
land, and grassland.

Pasture, scrub, woodlot.
and arable land.

Suburban arewith
amenity grassland, and
patches of deciduous

forest.

Autumn

Spring
summer

Late
summef
autumn

Spring

autumn

Late
summef
autumn

Summer

Spring
autumn

Over 3
years.

Males
Females

Both sexes

Males
Females

Males
Females

Males

Females

Males

Females

Males

Females

Males

Females

Males

Females

45.3+5.88
127+ 0.4

23.5+3.51

94.0
43.6

37.9
11.4

97.9+ 6.1

55.2+17.1

10.2

9.5

96+49

26£5.7

56 £ 0.67

16.5+0.49

32+ 3.6

10+0.83

16.6196.9
(males)

5.6-73.6
(females)

88.3111.2

23.682.2

15.5415

5.5-12

GPS tracking,

k-LoCoH

Radio
tracking,

100% convex

polygons

Radic
tracking,
100% MCP

Radio
tracking,
100%MCP

Radio
tracking,
100% MCP

Radic
tracking,
100% MCP

Radic
tracking,

minimumarea

method

13
2

15

11
3

Rodriguez Recio et
al., 2013

Moss, 1999

Rautio et al., 2013

Korslundet al.,

2023.

Riber, 2006.

Haigh, 2011.

Reeve, 1982.
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Valencia City, Spain

Southern Spain

Other hedgehog species

Israel

Israel

Valencia City, Spain

Qatar, Middle East

390 28’

37° 29

31°30'

31°30'

39028’

25° 19

European
hedgehogs

(E. europaeus

European
hedgehogs

(E. europaeus

Southern white

breasted
hedgehog

(E. europaeus

concolor)
Long-eared

hedgehodH.

auritus
aegyptiuy

Algerian
hedgehog
(Atelerix
algirus)

Ethiopian
hedgehogs

(P. aethiopicus

Suburban area with
patches of pine forest,
scrub, and crops.

Urban area.

Suburban area.

Suburban area.

Suburban area with
patches of pine forest,
scrub, and crops.

Natural desert habitat

Irrigated farmland

One year,
all seasons

Spring and
early
summer

Over 3
years.

Over 3
years.

One year,
all seasons

Spring
early
summer
for 2
years.

Males

Males

Females

Males

Females

Males

Females

Males

Males
Females

Males
Females

9.93

277111

5.5+ 1.96

1.56+041

1.58+0.72

497+1.49

2.85% 0.57

7.83

231.2+ 9.57
150.6+ 8.51

103.4 +4.94
42.0 £3.32

11.348.9

3.494

61-515
(both
sexes)
9.3249
(both
sexes)

Radic
tracking,
100% MCP

Radio
tracking,
100% MCP

Radio
tracking.

Radio
tracking.

Radio
tracking,
100% MCP

GPS tracking,

100% MCP

17

12
10

12
12

Gago et al., 2022

Marco-Tresserres
& Lépezlborra,
2022.

Schoenfeld &
Yom-Tov, 1985.

Schoenfeld &
Yom-Tov, 1985.

Gago etl., 2022

Abu Baker et al.,
2017.
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3.3.3 Nightly @stance travelled

The average distance travelled per nighhedgehogs in my study was 1853 + 268\atably, the
average distance travelled by female hedgehogs (2064880 n) was higher thamalehedgehogs
(1632 mx 237 n). The estimated nightly distance travelled by males is geneatlyistent with

other reported distances in New Zealg§@drton, 1997; Berry, 1999). However, my estimate for
female hedgehogs was higher than what has been previously reported (GortorHiS9irding

was unexpecte@dsmost previous studies hairalicated thamalestend b travel greater distances
than femalesRiber, 2006 Gurnell et al., 2015; Maredresserres & Lépelorra, 2022)In their

native rangeGurnell et al. (2015) reported thratle hedgehog®en averaganoved 892 nper night
and travelled as far askn, while females movedn average @21 mper night and travelled as far
as 1300 m. Marcdresserres and Lépéhkorra (2022) found male hedgehamgs/eredwice the
distance 1,077 £ 251 mthat females travelleger night(504 + 156m). Morris (1988) found that
radiotracked hedgehogs in England travelled on average 1602080 m, and one male travelled up
to 3.1 km in one night. Riber (2006) found the average distance travelled per night for male
hedgehogs in rural Denmark to be 20d2nd 1187 m for femes. The longest recorded distance by
Riber (2006) was 3.2 km by a male hedgehog.

In my study, he female hedgehog with the largest home ramgkthe highest average distance
travelledwas discoveredursing four hoglets in her den in early Novemblering late spring.

Female hedgehogs may havéarger home range and travel greater distanbesthey areraising
theiryoung. Lactationn female hedgehogdemands greater daily energy expendituaed a

substantial time investment faraging Pettett et al., 2017Marco-Tresserres and Lépédhkorra

(2022) found thatemale hedgehogs in southern Spain spent significantly more time foraging than
male hedgehogs and visited artificial feeders more often but did not travel.fbidiaezver, the

foraging behaviour of females iheir study was likely affected by the presence of artificial feeders,
which could explain the low average travel distance of female hedgehogs. Cassini and Foger (1995)
found female hedgehogs foraged more in areas of open meadow that contained a higher density of
earthworms, a prey item, comparednales.Two dietary analysis studies in New Zealand fothrad

female hedgehogs consumed 8mes more native lizards compared to male hedgehogs (Jones et al.,
2005; Spitzervan der Slujis et al., 2009). It was suggested by Jones et al. (2005) that lizards may be a
significant source of lipids and proteins for females with higher energy demands while raising young.
In my study, here was a significant positive correlation observed betwedrettgehog'sveight and
distance travelled per nighgnd females were on average heavier than mafleite Marco Tresserres

& Lopezlborra (2022) alsoeporteda positive interaction between weight and distance travelled, this

interactionwas not statistically significant.

Two female hedgehogs in my study had home ranges in predominantly exotic pine habitat and the rest

were found to roam mostly in pastoral farmland. Habitat quality also likely influences the average
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distances travelled by foraging female hedgehogs. The highest average distances travelled by females
were those found in pine habitat. At my study site, the pine habitat had lower diversity and abundance
of invertebrates compared to scrubland, sedgelambidane grassland habitats. Invertebrate sampling

has not been undertaken in pastoral farmland at my study site for comparison. However, in New
Zealand pastures hedgehogs consume large numbers of invertebrates such as gr&sstpiybs
zealandica), beetles (@er Coleoptensand porina mothWiseana cervintelarvae (Campbell, 1973).
Research into hedgehog foraging behaviour in the braided river systems of the South Island of New
Zealand found that hedgehogs preferred grassland habitats where prey items were most abundant
(Jones & Norbury, 2006). A combination of factors such as habitat quality and reproductive state

could explain the high average distance travelled by female hedgehogs in my study.

Dispersal

In my study, one female hedgehog travelled over 4 km in one samplindFiminte 3.6, ID 7)This

is the highest distance that has eween recorded by a European hedgehog in a single night. It is
suspected that this was a dispersal event rather than a regular foraging night given the linearity of the
trip. Doncaster et al. (2001) found evidence that dispersing hedgehogs preferred habitat edges, which
acted as corridors. In their natural range, dispersals between populations up to 4t lare apes
events(Doncaster et al., 200I)his hedgehog in my study weighed 572 grams during late Spring.
Anecdotal evidence froBerthoud(1978 and Reeve (1994uggests juvenile hedgehogs disperse

during their first year, before winter hibernation. So, if it is a true dispersal event then it appears to
have occurred &t winter hibernatiorirhe implications of this are significaas it indicates the need

for a larger buffer control area for vulnerable breeding shorebirds.

3.3.4 Dens

The hedgehog dens (also referred to as nests in literature) were found at the base of vegetation varying
from overgrown pasture grass, toetéegtroderia spp, native ferns (Order Polypodiajeand gorse

(Ulex europaeus The dens observed during my study were similar to what has been described in
previous studies in New Zealarafkes 1975Moors, 1979Moss 1999Moss & Sanders, 2001;

Jones, 2021 The hredgehogs$n my study typically constructed ellipsoidal chambers in loose detritus

or vegetation with a weltoncealed entry hole and under the cover of another bush or tussock. As my
study was carried out from spring to autumn, most of the nests observed (except one confirmed
breeding den) were likely daytime nests as opposed to hibernation nests (Reeve, 1994). Dense bushes
with low branches, leaf litter, and dense tussock grassestilized by hedgehogs for den

construction (Moors, 1979; Moss, 1998arco Tresserras & Lopelborra, 2023).

Three of the hedgehogs had dens relatively close to one another in the same hedgerow within open
pasturelandln areas where the landrigulaty disturked, such as agricultural fieldbere may be

limited areas available for suitable den sites. This may explain why hedgehogs 2, 5 and 11 had dens
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nearbyin the same hedgerow because adjapadtiocks are cultivated for maasingmachinery. On
arable farms in Britain, dense hedgerows and field margins were shown to be utilised intensively by
hedgehogs, likely due to higher food and nest site availability (Hof & Bright, 2{4igh et al.,

2012b).

The two male hedgehogs captured during May 2023 (autumn) had a lower average location fix
success rate (FSR), around 70 percent compared to 90 percent during spring sampling. GPS tags
require communication with satellites to record location fixes and do not perform as well when
animals are undergroun@l@asby & Yarnell, 2013; Forrest et al., 2022). The lower FSR appears to be
partially due to these hedgehogs returning to their dens earlier in the morning (before 6 am) than
hypothesised (7 am sunrise). This could be temperdtiven as the coldest period of the night is
typically before dawn. However, these hedgehogs also had periods of failed fixes through the middle
of the night on multiple sampling nights. Portions of lost time in failed fixes arelr@aden sites,

which is supported by the locations before and after the lost data. This indicates that hedgehogs are
less active during the night in autumn compared to spring and may spend more time resting. Another
possibility is that the hedgehogs were constructing hibernation dens. In autumn hedgehogs are
preparing hibernation dens before the onset of wiRRau{jo et al., 2014 Rautio et al. (2014) also

noted there was a transition period during autumn in Finland before winter hibernation when

hedgehogseduced foraging, constructed new nests, and spent more time in their dens.

In Europe, the northern climate is harsh and winter mortality in hedgehogs is high (Rautio et al.,
2014). Hedgehog hibernation dens must be well constructed with thick insulation materials to protect
them during extended periods of cold weather (Reeve, F4tjo et al., 2014). Hedgehogs were not
tagged during winter in my study, so | was not able to compare winter hibernation nests in New
Zealand compared to that in Europe. However, previous research provides evidence of plasticity in
hedgehog behavioand ecology in the construction of dens in response to different climate
conditions (Rautio et al., 2014; Mardoesserras & Lépelborra, 2023. For example, hedgehog

nests in Spain, at the southern limits of their range, were looser and smaller compared to those
described further nortim Finland (Rautio et al., 2014), and were mostly constructed from leaves and
grass Karco-Tresserras & Lépetborra, 2023. Similar observations have been made in New
Zealand by Parkes (1975) and Moors (1979) about the construction of dens in a warmer climate

compared to Europe.

3.3.5 Factors affecting the home rargjee of hedgehogs

Weight
Hedgehog weightlid not show aignificant correlation witkeithernightly home ranger seasonal

home range. However, previous research on hedgehogs in Europe and other small mammals has found
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weight to have a significant effect on home range. Maresserres & Lopetborra (2022) found a
significant positive interaction between weight and the MCP100 home range. The relationship
between weight and home range size was stronger for male hedgehogs than females (Marco
Tresserres & Lopelborra, 2022). Gago et al. (2023), also found a significant positive correlation
between home range size and weight in European hedgehogs. The bodyiusiglet red squirrels

is positively correlated with home ramgize(Wauters & Dhondt, 1992). Hedgehog body weight did
not have a significaribfluence on the home range size of Ethiopian hedgelRagaéchinus
aethiopicu3 (Abu Baker et al., 2017).

Sex

The sex of the hedgehog did not have a significant effect on the home range size in nihsudy.

result contrasts withrpvious New Zealanstudies that have fourrdale hedgehogs do have a larger

home range and travel further than females (Moss, 1999; Jones & Norbury, 2006; Shanahan et al.,
2007; Rodriguez Recio et al., 2013). Rodriguez Recio et al. (2013) trackedigehogs in the

Mackenzie Basin, South Island, New Zealand, fandd that the home range of male hedgehogs in
summer was nearly four timése size of the female hedgehogs' home réRgedriguez Recio et al.,
2013).Moss (1999plsofound theaverage home range for méedgehogs in the dryland habitat of

the central South Island of New Zealand to be significantly larger than that of female hedgk&ogs.
effects of habitat and a larger sample size could explain why the studissby1999and

Rodriguez Recio et al. (20183vealed significant sex differences in home range size. It is suspected
that achieving a larger sample size in my study may have revealed a significant difference between the
home range size of male and female hedgehogs. However, Moss (1999) found a significant difference
between males and females in the autumn home range size with a smaller sanipis aize.noted

that there was a maldased sexatio (13 males and 2 femaleig) the study by Rodriguez Recio et al
(2013).

In Europe, Rautio et al. (2013) found that male European hedgehogs in Finland had a larger home
range than females for all seasons excephijfrernation when females hadaager home range. Male
hedgehogs also had a larger home range than females in rural Denmark (Riber, 2006), rural Ireland
(Haigh, 2011)and southern Spai@rco-Tresserres & Lépetborra, 2022. Male Ethiopian
hedgehogsRaraechinus aethiopicyifiave larger home ranges than females and roam greater
distances (Abu Baker et al., 2017h€eTsex differences in home range size in hedgehogs are likely a
reflection of their promiscuous reproductive strategy where males roam large distances in search of
females Riber, 2006 Abu Baker et al., 2017; Maretresserres & Lépelborra, 2022). Hedgehog
populations are declining in Europe (Taucher et al., 2020), so a possible explanation for the sex
differences in home ranges could be that males have to travel further during the breeding season to

find female hedgehogs for mating.
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Habitat quality

The quality of foraging habitat has been shown to affect the home range sizes of small mammals
(Wauters & Dhondt, 1992bu Baker et al., 20)7For example, in red squirrels, home range size of
females was inversely correlated with food abundance (Wauters & Dhondt, AB@Baker et al.
(2017) studied the effexbf land use and sex on the home range size and movefrtitiopian
hedgehogsRaraechinus aethiopiclisn the Middle East. Ethiopian hedgehogs inhabiting reseurce
poor desert environments had significandlggker home ranges and travelled longer distances
compared to those inhabitimgsourcerich irrigated farnand. As food availability increases, the
home range size is expected to decrease and in heterogeneous envirdhensp#gial distribution of

small mammals will vary witlan uneven distribution sksources.

Within their natural home range of England, the spatial distribution of hedgehogs is influenced by the
distribution of predators and food resources (Doncaster et al., 2008). In New Zealand, due to the
absence of natural predators, hedgehog spatial distribis based on the availability of food and

nesting resources alone (Jones & Norbury, 2006; Dowding et al., 2ZBE0yuality of the foraging

habitat will affect the spatial distribution and home range size of hedg@Wimgd et al. 1994

Cassini &Foger, 1995;Jones & Norbury, 2006 he presence of suitable nesting sites is also linked

to hedgehog spatial distribution (Shanahan et al., 268 Hedgehogs havepaomiscuous mating

system the home range of female hedgehogs is most influenced by the availability of food and shelter
availability, whereas the home range of male hedgehogs is most influenced by female distribution
(Rautio et al., 2013; Abu Baker et al., 2017).

The quality of foraging habitat for hedgehagn be estimated by invertebrate sampling to estimate
food availability Campbell, 1973Jones & Norbury, 2006Jlones and Norbury (2006) found

hedgehogs preferred foraging in scrub habitat which had the highest invertebrate abundance compared
to other habitataVhereas Cassini arkbger(1995) found that the relative density of hedgehogs in an
open meadow habitat increased with the relative abundance of earthB8banahan et al. (2007)

found hedgehogs tendéaremain in dense grassland, likely because of its suitability for nesting sites.
Invertebrate sampling was carried out at my study site in May 2022 using pitfall traps in four habitat
types, dune grassland, sedgeland, pine forest, and scr¥adij personal communication, Marth
2024). Scrubland habitat had the highest diversity of invertebrates and the highest Shannon index,
indicating better evenness of species abundance. The community structure differed between the
habitat types, but a similar number of orders and families were found in dune grassland, pine forest,
and sedgeland. The dune grassland had the highest abundance of invertebrates but was heavily
dominated by one specidarfily Tylidae in order IsopodaTerrestrial crustaceans (order Isopoda)
have not been shown to be an important prey item of hedgehogs in relation to their abundance in
dunelands (Brockie,1959; Reeves, 19%fries, 2011 Further investigating the food abundance in
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pastoral farmland near my study site would be a useful comparison to help explain the apparent

habitat preferences of hedgehogs.

Latitude

Rautio et al. (2013) found that European hedgehogs inhabiting northern latitudes have larger home
ranges than those in more southern latitudes. In the northernmost reach of the European hedgehogs'
home range, there are longer winters, and hedgehogs speadime in hibernation (Rautio et al.,

2013). Seasonality correlates strongly with latitude, with southern Europe and northern New Zealand
experiencing milder temperatures in winter and hotter summers. This pattern has been observed in
New Zealand wheredugehogs in the South Island have a larger home range and spend more time in
hibernation than those in the North Island (Moss, 1999; Rodriguez Recio et al., 2013; Foster et al.,
2020) New Zealands within the Southern Hemisphere temperate zone and spans 1,600 kilometres
through latitudes 34 to 47 degrees sdiMhcara, 2018)Whereas the United Kingdom spans a length

of 1000 kilometres between 49 and 59 degrees north. The effects of climate and environmental
conditions on hedgehog ecology support the need for local home range estimates when managing
invasive hedgehog populations. Winters are milchast of New Zealand compared to Europe. This
means that hedgehogs have ar&idiibernation period, lower winter mortality, and a longer breeding
season (Brockie, 1974; Jones, 2021).

It is important to note that the effects of sex, weight, habitat quality, and latitude are all likely to
covary and influence the observed patterns. For examplarraer climates linked to higher food
availability for hedgehogs (Dowding et al., 2010; Jones, 202 real influence of the environment

on hedgehog spatial ecology will be multifactorial and this should be considered when studying the

home range of hedgehogs.

3.3.6 Constraints and limitations

Based on previous literature, there is evidence that seasdraity strong effect on the home range

and activity of hedgehod§ig. 4.2)(Brockie, 1974; Parkes, 1975; Moss, 1999; Rautio et al., 2013).

The effects of seasonality are also likely to correlate strongly with the effects of latitude. Due to the
impacts of multiple flooding events at the study site during January and February 2023, no hedgehogs
were captured during the summer seatange areas of the site remained flooded with water for

weeks, as the water table was so high, and there was no natural drainage. As a result, the effects of
seasonality on the home range could natdsapared across different seasons. It is suspected that the
flooding events resulted in a high mortality rate of hedgehogs due to the amount of habitat submerged
in water, likely drowninglens The occurrence of hedgehogs during nightly spotlighting was too low

to estimate the population density through madapture accurately
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Future hedgehog research should focus on gathering more information on the ecology of hedgehogs in
vulnerable habitats, such as duneland systems. Further investigation into the effects of seasonality on
hedgehog spatial ecology would be beneficial in extiimg how the home range size changes with the
season, to further optimise control measures. Tracking hedgehogs through the winter period could
also provide insight into the nature of their hibernation in a warmer climate. Further study with larger
samplesizes may reveal more significant sex differences in the home range size of hedgehogs.
Continued research on hedgehogs in the northern climate of New Zealand could provide further
guidance on best practice control and assist in better understandingeti@apwhpacts of hedgehogs

in duneland ecosystems.

Figure 3.12 Examples of areas within the study site that had been flooded

3.3.7 Conclusions

I have advanced the understanding of hedgehog spatial ecology by providing home range estimates
and average nightly distances travelled in a northern duneland ecosystem, as well as expanding
current knowledge of the movement patterns, habitat preferemzkspatial distribution of

hedgehogs. In summatyedgehogs occupysmall core area of their home range intensively while
covering its entirety over several foraging nigiieme ranges overlap significantly between

individuals of either sex, but corenges are more independent. My findings highlight the need for

local home range estimates in vulnerable ecosystems due to variability and plasticity in hedgehog
behaviour based on habitat and climate factors. Trapping regimes should consider home range
estimates, average nightly distances travelled, recorded dispersal distances, and habitat preferences

when planning hedgehog control programs
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Chapter 4: Hedgehog control

4.1 Introduction

4.1.1 Invasive species control

Invasive species management is a complex and global challenge that requires significant financial
investment, effort, innovation, and collaboration (Green & Grosholz, 2021). Population control is the
most common strategy used to manage the ecological and economic impacts of invasise speci
(Clout, 1999; Goldson et al., 2015; Carter et al., 2016; Green & Grosholz, 2021). The reported
economic damage and management costs from biological invasions in New Zealand have been
estimated at approximatedy billion dollars over the last 50 years (Bodey et al., 2022). Invasive

weeds and pest animals such as possiinhpsurus vulpecula stoatdMustela erminep rats

(Rattus rattuy and fire antg¢Solenopsis inviclacost New Zealand around 170 million per year

(Bodey et al., 2022). Invasive species control is essential in the ecological restoration of native
habitats and the protection of biodiversity in New Zealand (Pech & Maitland, 2016). The removal of
mammalian predators such as stoats, weasels, ferrets, rats, and possnatessargonservation

focus to facilitatehe recovery of native species and ecosystem function (Clout, 1999; Goldson et al.,
2015; Carter et al., 2016&len et al., 2019). Knowledge of the spatial ecology of an invasive species

is crucial to implementing effective control measufsith et al., 2015; Rodrigudzecio et al.,

2022). Research and monitoring are essential to understanding the impacts of invasive species, as well
as the effectiveness of pest control measures (Pech & Maitland, 2016). Removing invasive predators
is costly and timeonsaming (Glen et al., 2015; Goldson et al., 20Bodey et al., 2022), especially

in remote environments (Russell et al., 2015). Understanding the effectiveness of control measures is
a crucial step in managing the impacts of an invasive species (Goldson et al., 2015; Russell et al.,
2015). Furthermore, control methods mios costeffective; hence, developing low-cost methods of
removing invasive species is a key component of our ability to deliver practical pest management at a
scale large enough to achieve New Zealand’s Prefla¢ervision (Goldson et al., 2015; Russel et al.,
2015).

4.1.2 Factors that can affect the effectiveness of control measures

Control of invasive mammalian predators in New Zealand generally involves a combination of
vertebrate toxic agents such as sodium fluoroacetate (1080), humarepkilland barriers (predator

proof fences) to exclude pest animals from protected avéabrton et al., 200&oldson et al.,

2015; Russel et al., 2015everal factors, such as trap design and spacing of control devices can
influence the effectiveness of control measures for certain invasive species (Smith et al., 2015; Jones
et al., 2021). For example, Jones et al. (2021), foundhbatandard wire baffle size on DOC200

trapsexcluded large hedgehogs from entering traps. Furthermore, the spacing and density of traps in
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the landscape can affect the probability that an animal encounters that trap in their daily activities
(Smith et al., 2015). The higher the density of traps in an area, the more likely the animal is to
encounter it; however, this is not always practicakiims of costs and time (Goldson et al., 2015;

Russel et al., 20)5Trap placement density also assumes that invasive animals use all habitats in their
home range equally, which is not always the case. For example, Glen et al. (2019) found detections of
stoats, rats, and possums in tracking tunnels highest irhlabstiats compared to edge or pasture

habitats Whereas feral cat detections were higher in the edge habitat compared to the bush or pasture
habitats (Glen et al., 2019). Trap placement and other invasive species control methods make
assumptions about animal movement, bait attractiveaasishabitat use based primawly current
knowledge of the target species. In many cases, detailed knowledge only exists for invasive species in
their native rage rather than the invasion area, so a key assumption is that this behaviour and ecology
remainlargely unchanged. However, successful invasive spdwyegefinition, often have broad

ecological requirements and plasticity in their behaviours (Parker et al., 2013). This is where
knowledge of the spatial ecology of invasive animals is crucial in implementing efficient control
measuresgmith et al., 2015; Rodrigudzecioet al., 2022).

Seasonality and demographic dynamics can also affect the effectiveness of control measures of
invasive species (Jackson, 2006; Wells et al., 2016). It iskwelvn that seasonality affects the

activity and reproductive behaviour of many small mammals (Everts et al., 2004; Cardvaggi

2018; Jones, 2021), which in turn can affect the effectiveness of control measures during different
times of year (Moss, 1999Vells et al., 2016). Demographic dynamics such as age class and how it
affects fecundity can also determine the effectiveness of control measures when not all age classes are
being targeted (Jackson, 2006; Wells et al., 2016). For example, seasonally timed efforts of removal
(after the breeding season) and targeting individuals with the highest reproductive value in invasive
rabbits Oryctolagus cuniculushavethe greatest impact on population size (Wells et al., 2016). In

species with high reproductive rates and fluctuations in population numbers, control methods during

the periods when they are at their lowest may be an efficient control option.

4.1.3 Hedgehog control in New Zealand

The Department of Conservation (DOC) is the government agency responsible for the protection of
Aotearoa New Zealand’s natural and historical heritage (Towns et al., 2019). DOC has managed to
successfully eradicate hedgehogs as part of wider mammaliaatgredadication programs on island
and mainland sanctuaries targeting stoslisstela ermineg cats Felis catu$, hedgehogsHrinaceus
europaeuy rabbits Oryctolagus cuniculys mice Mus musculusand three species of rédttus
norvegicus, R. rattuand R. exulansFor example, Rangitoto and Motutapu Islands and Zealandia

ecosanctuary have successfully eradicated all mammalian pre@ators et al., 2011; Griffiths et
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al., 2015). Hedgehogs have been trapped in high numbers in conservation areas across the country but
are not specifically targeted by many trapping progré®pgZen-vander Sluijs et al., 2009; Glen et

al., 2019). For example, during a 3-year period, over 1300 hedgehogs were trappedteh lvy-

Macraes Flat in Otago, New Zealar®@pitzen — van der Sluijs et al., 2009). The total yearly catch
remained relatively constant over the 3 years, aroundt800iedgehogsSpitzen-van der Sluijs et

al., 2009). Predator control in a 6000-ha pastoral landscape in Hawkes Bay resulted in the removal of
748 hedgehogs as bycatch over 4 yéaten et al., 2019). This trapping program resulted in lower
detection of both cats and hedgehogs in the treatment sites (that had undergone trapping) compared to
the nontreatment sites arftad apparent benefits for some native species such as cockroaches and
skinks (Glen et al., 2019).

Although hedgehogs often represent a large proportion of trap catches (Glen et al., 2019) and can be
controlled effectively (Griffiths et al., 2015), there are still knowledge gaps in the specific impacts of
hedgehogs on ecosystems and limited information on the ecology of introduced hedgehogs in New
Zealand. However, experts do hypothesise that grassland and duneland, lsaloieais Macraes Flat

in Otago and Tara iti ecosanctuaaye refuges for reptiles, ground-nesting birds, and invertebrates,

and are particularly vulnerable to invasive hedgehogs (Sanders & Maloney, 2002; Spitzen — van der
Sluijs et al., 2009; Jones & Norbury, 20I0nes et al., 2013).

4.1.4 Knowledge gaps and rationale

With many trapping programs treating hedgehogs adarget animals (Russell et al., 20@en et

al., 2019) there is a lack of quantitative data on the impacts of hedgehogs and how to effectively
control populationsAlthough hedgehogs make up a large proportion of Tara Iti's total pest catch, they
have previously been treated as bycatch rather than a target speeiearrent trapping program at

Tara Iti has resulted itarget species, such as stoats, possums, andgatfeingdetectecht low
numbers A. FlavellJohnson, personal communication, September 2, 282New Zealand dotterel
nests are still being predated, with hedgehogs being a suspect, there has been interest by conservation
managers in better controlling the hedgehog populafioa.main aim of this chapter is to inform

better control of invasive hedgehogs in general based on analysis of past trapping data and provide
specific recommendations to improve the trapping regime at my study site. To inform best practice
control, it is essential to understand how factors such as seasonality, trap tyipe ofleostrol

devices, and habitat types might affect the effectiveness of hedgehog control. | also aim to help fill
knowledge gaps in the general ecology, behaviour, and home range variability of hedgehogs in a

diverse duneland ecosystem (pasture, wetlands, scrub, and dune grassland).

4.1.5 Objectives
In this chapter | address thrkey objectives (1) to provide evidence of seasonal trends in hedgehog

activity to inform optimal timing of control effort$2) to provide support for pest control operations
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by providing evidence of habitat preferences, effective trap types and trap density for control of
hedgehogsand (3) help fill knowledge gaps in the general ecology, behaviour, and home range

variability of hedgehogs in a diverse duneland ecosystem.

4.2 Results

4.2.1 Trapping data

Tara Iti trapped a total of 1,364 hedgehogs from 20083 and hedgehogs made up over 50% of Tara
Iti's total pest catch. Until 2023, Tara Iti was consistently trapping over 200 hedgehogs per year, with
only a mild decreasing trend. There is a strong sedsend in the hedgehog catch at Tara Iti with
peaks in Januaslfebruary and ApriMay, and lows in July (Figure 4.2). Over 50 hedgehogs were
trapped in one month during January 2018, May 2020, and February 2022. From July 2022 to June
2023, Tara Iti trapped an unusually low number of hedgehogs, only 40% of the@ZR tatch

(Figure 4.1). There is an absence of a seasonal trend in the 2023 trap catch data, with no peak in
January and only a mild peak in May (Figure 4.2). The decline in hedgehog trap catches during 2023
coincided with multiple severe weather events that hit the Northland of New Zealand during January
and February 2023.

Forest margins and roadsides have the highest hedgehog catch at Tara Iti4(B)gilitee coastal

margin and golf course have the lowest hedgehog trap catch (Figure 4.3). IndMXD250 traps

have caught as many as 13 hedgehogs over the last three years. Many of¢aechi@fOC250 traps

are located near a road. The DOC250 traps along the roadside have a high hedgehog catch compared
to the DOC200 traps in similar locations. The golf course traps are mostly DOC200 traps and have

caught very few hedgehogs.

There is more than one trap in all the study hedgehogs’ home ranges except for Hedgehogs 4 and 5
which overlap with no traps (Figuredd. There are gaps in the trap network where hedgehogs may
not encounter any kill tragsased on my home range estimates f@mapter3. During May 2023 a
marked hedgehog from November 2022 was found killed in a DOC250 trap on Rako Drive. This
hedgehog was likely Hedgehog 1 or Hedgehog 9.

Tara lIti has a higher hedgehog trap catch compared to Black Swamp. From November 2020 to June
2023, 154 hedgehogs were trapped at Black Swamp, compared to 486 at Tara Iti (Figlihere53.

a mild seasonal trend in the Black Swamp trap catch data, with the highest catch during January and
February. Given the Black Swamp project area is over twice the size of Tara Iti and has more active
traps(excluding the marginal strip project argiayvould be expected to have a higher hedgehog catch
than Tara lti.
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Figure 4.1 The total number of hedgehogs trapped over the last 5 years at Tara Iti. There is an unusually low

20222023 hedgehog catch. The total number of traps maintairsahilar throughout the 5 years.
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Figure 4.2 The seasonal trend in hedgehog trap catch data from Tara Iti from August 2017 to December 2023. The blue line is theedbsbogdatch and the orange

line is the expected (forecasted) hedgehog catch based on previous years data. The observgaatigetuiong 2023 was significantly lower than expected due to severe

flooding events in Northland, New Zealafiddicated by redbox).
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Figure 4.3 Map of trap catch data from 2020 to 2023 with habitat layers

74
















































	Thesis Abstract

