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Abstract

Habitat disturbancehas been recognisedas a significantfactor contributing to biodiversitydecline
worldwide. In New Zealand land-useactivitieson conservationland and privately-ownedproperty
havebeen disputeddue to their potential effects onvulnerablespecies.Currently,there is limited
information regardingthe impact of land-useactivitieson populationsof Archey’sfrogs (Leiopelma
archey), a small ground-dwellingamphibian. Historical exploration miningin Wharekirauponga
(WKP)androadingand housingrelated activities irMlahakirauForestEstate(MFE)in the Coromandel
Peninsulaywere the land-use activities focusedon in this thesis.Disturbancefrom these activities
includedsite clearancewhichremoved>50%of vegetationin ca.100m2areasduringthe 1980s,1990s
and2010-16.My primary aims were to investigatewhether these disturbanceshave affected the
current abundanceand microhabitatuseof L.archeyi

| surveyed16 pairs of disturbed and undisturbed sites for emergedfrogs over three consecutive
nights. These sites wex 10 m x 10 m. Capturettogs were photographed,measuredand
weighedfor individualidentificationand recapturesoted.Vegetatiorof siteswascharacterisedising
reconnaissancéRECCIp)ot vegetation descriptionsTopredictfrog presencewithin the 100m2areas,
microhabitatfeatureswere assessedin 1.5 m3 plots where frogswere found and randomly:selected
plots where frogs were not found. A purpose-builtclosedmark recapturemodel was developedto
calculate detection probabilities that were used to estimate abundancewithin disturbed and
undisturbed sites. This modellingincorporated a disturbance effect and habitat characteristics
assumedto be important to L. archeyi Vegetation compositionfrom the RECCHata and finer
habitat features were characterisedusing ordination techniquesand coefficient of determination,
both to assesshow vegetationwas affected by disturbanceand assessvhether this wasa useful
predictor of frog abundanceand presenceThe probability of finding a frog within a 1.5 m3 plot was
analysedusinga generalisedinear model (GLM)with logit link function.

Sites disturbed by historical exploration mining, roading and housingrelated activitiesdid not
have significantly lower abundanceof L. archeyi than undisturbed sites i.e. those withno
vegetationclearanceafter 1980. Abundanceestimateswere insteadcorrelatedwith higherelevation
and with plant speciestypically associatedwith matureforest, whichwerefound in both disturbed
and undisturbedsites. Ordination techniquesused to assess vegetation composition revealed
differences among sitesthat could be due tdorest successiomndreplantationin disturbedsites.
Matureforestspeciessuchastree fernsandrewarewa (Knightiaexcelsg, whichwere associatedvith
higherfrog abundancealso providedhe substrateshat frogs weremostfrequentlyfoundon. These
plant speciescontribute to greaterleaflitter depth, whichwas the only microhabitat variable that
differed significantlybetween 1.5 m3 plots where frogs were presentor absent.In comparison,
sites that had been replanted with < v pl(Kunzearobusta)and kauri (Agathisaustralis)did not
providesubstantialeaflitter.

Theseaesultsdo not imply that land-useactivitieshaveno immediateeffect on L.archeyipopulations.
However,overthe time elapsedsincedisturbancefrogsof variousageclas®slikely re-colonisedsites
after leaf litter build-up and reacheddensitiesdetermined by the local habitat quality. Becausehe

disturbancesconsideredwere on a small scale (ca. 100 m?for mining exploration, roading and

housing), frogs would have been available for re-colonisationfrom the surrounding landscape.
Abundanceestimation accountingfor detection probability was a valuablemethod to increaseour

understandingof the historical effects of disturbanceon L. archeyiandto determine the habitat

featuresthat insteadinfluenae abundanceFurther thisinformationshouldbe usedin translocatiorsite

selection andsurvey methodologyo predictabundanceand presenceof frogsin other areas Based



onmyresultsl recommendhat rehabilitationof sitesfollowingdisturbanceshouldbe undertaken
by naturalforestsuccessiomndshouldemphasisaetention andrestorationof leaflitter.
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Chapter 1

1.1 Habitat disturbance

Habitat disturbance is arguably one of the greatest threats to species survival and to the future of
biodiversity worldwide (McNeelgt al. 1990; UNE®WCMC, IUCN & NGS 2018). ‘Habitat’, as defined

by Hall, Krausman and Morrison (1997), is “the resources and d@mglipresent in an area that
produce occupancy including survival and reproductionby a given organism”. Habitats that
maximize the organism’s individual fitness, thus its lifetime reproductive success, will contribute the
most to future generations #cological restraints, such as predation, are not limiting factors (Johnson
2007; Mathewson & Morrison 2015). Habitat disturbance occurs when an event changes the
conditions or constrains the resources required for occupancy, thus, changing the quality of
habitat (Hall, Krausman Borrison 1997; White & Pickett 1985; Johnson 2007). Disturbance can occur
from natural events, such as tree fall or competition, or events caused by humans, such as disease or
clearcutting, and usually results in habitat loes some species. Changes to resources and/or
conditions are often temporary and few habitats are destroyed entirely through disturbance
(Laurence 2010). This temporary change can affect species on a variety of levels because habitat use
can vary by age, sex, and in time and space (Morrison, Block & Verner 1991).

Spatial scale is important to consider in investigations of habitat use because the effects from
disturbance events depend on the scale and resolution of the study (Wien, Van Horne & Rotenberry
1987; Steele 1992). Johnson (1980) called these scales ‘ofteeddroadest scale, referred to st

order selectionjs the selection of the physical or geographical range of a species. Sarctand
selectiondictates the home range of an individuaitkin the firstorder scaleThird-order selection is

the finer scaled habitat features that individuals use within the home range. Finallizotim¢h-order
selectionis the acquirement of these resources (Johnson 1980; Ash 1986}efim “macrohabitat”

is generally associated with Johnson's first ofdrabitat selection, and “microhabitat” refers to the
finer habitat features in the seconthird and fourth orders with these associations species and site
specific (Hall, Krausman & Morrison 1997%Which of Johnson’s orders are used to observe a
population’s habitat use influences the interpretation of data, and thus, management strategies
drawn from the conclusions of such observations (Babbit, Veysey & Tanner 2010).

Habitat disturbance events are dily to become more common with the combined impacts of the
increased human population, which is projected to reach 9.8 billion by 2050, and the effects of climate
change(United Nations, Department of Economic and Social Affairs 201& need to continue
acquiring and producing resources to fugiktgrowth creates tension between conserving biodiversity
and having to modify ecosystems that produce optimal halffardell et al. 2018). Currently, the
total global percentageof terrestrial and marine aies protected from human modification ar&.2%

and 7.4% respectivelyNEPWCMCICUN& NGS2020). Outside these protected areas, species and
ecosystems are still being modified at rates thet beyond their capacity to withstand chan@d#NEP
WCMCICUN& NGS2018). However, depending on the nature of the disturbance, species may also
benefit, or be unaffected, by changes in their habitat (Ash 1996; Brown & Hutchings1997; Hamer &
Hill 2000) An example of biodiversity benefiting from disturbance events was sethe iimcrease of
native annuals after fire disturbance in Australia (Hester & Hobbs (1@82)ncrease in species
richness following largscale disturbance is not uncommon, withtdibance events often major
sources of variation in biological communitie&rifne 1973; Connell 1978; Denslow 1980).
Furthermore, disturbance events are often temporary, with successional changes occurring after
appropriate time intervals, modifying and restoring resources and conditions and promoting
occupancy and species distribution within that area over tibenslow 1980; Hamer & Hill 20080r
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this reason disturbances can play a central role in structuring plant and animal communities
depending onlie type and spatial context of the disturban@®nsson & Essen 1998)

The protection of biodiversitynowever can generally best be done through the protection of habitats
(McNeely et al. 1990). In theory, this concept is easily implemented. But inéadaviven by economic
markets and resource exploitation, the protection of habitats is not always practical. Additionally, the
protection of areas often arises as a reactive response to the loss of biodiversity (McNeely et al. 1990).
This seldom changehlé social and economic pressures threatening these areas, with actions such as
mitigation or offsetting not always based on current ecological science or community involvement
(Calvet, Napoleone & Salles 201Gprruption, loop holes in policies and thieamge in governments

also contribute to uncertainty that such areas remain under protection (Smith & Walpole 2005).
Conservatiorstrategiesmust therefore look to integrate the views from various disciplines, such as
from the social sciences, to ensure tigemost protection is held for biodiversity.

Thisresearch relates to the conflict between resource use and biodiversity conservation throughout
New Zealand. For over 150 years, minerals, such as gold, have been important resources for the New
Zealand eonomy (Nathan 2006). In 2018, the gross domestic product (GDP) from mining and
exploration in New Zealand contributed $2.2 billion or 1% of the national GDP (Infometrics 2019).
These activities can occur on public conservation land under the Crown Minerals AcMifB1ry

of Business, Innovation and Employmd®@91). The history of habitat disturbance from the mining
sector and the conflict between conservation land use amnemic gain provides an ideal
opportunity to integrate social and ecological practises.

1.2 Biodiversity declines in New Zealand

1.2.1Agents of decline

New Zealand has a history of humemluced disturbances which has generally resulted in loss of
native biodiversity. This loss of biodiversity has been severe for a number of reasons. New Zealand
was the last major archipelago of islands to be colonised by humans and this allowed for an extended
period of evolution of plant and animal species in the abserfcerrestrial mammalian predators
(Davidson 1984; Diamond 1990). This biota was extensively altered after human colonisation. The
arrival of Polynesians between about 128800 AD led to the burning of forests, introduction of kiore
(Rattus exulans and the exploitation of large birds such as mbBayidson 1984; King 1984; McGlone
1989; Wilmshurst & Higham 2004furopean settlement followedome 300years later and
accelerated the trend of native species decline by habitat loss/disturbance, the intfodwdftexotic

plants and animals, and disease (Hobbs 2000).

1.2.2 Habitat loss and modification

In New Zealand, the burning of indigenous forest by early Polynesian inhabitants caused the reduction
in native forest cover from 78% to 53% (King 1984)rther 27% reduction of native forest cover has
occurredfollowing European colonisation (Ministry for the Environment & Stats NZ 2018). Destruction
of vegetation from activities such as fire can lead to other changes in the ecosystem including the loss
of organic material in soils (Fernandez, Cabaneiro & Carballas 1996; Certini 2005), soil instability
resulting in erosion (McGlone 1983), changes in microclimate (Ash 1995; Murcia 1995) and alteration
in floristic composition (Naveh 1975; Denslow 1980; Canamt & Imeson 1998). Moreover, coastal,
lowland and wetland ecosystems have also been heavily impacted by hoaused disturbances and
continue to decline in extenfMinistry for the Environment & Stats NZ 2018)st over 50% of the

land area in New Zéand is now modified for human activities, such as urbanisation, agricultural
production and exotic forestry plantations (Ministry for the Environment & Stats NZ 2018).
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As of 2010, 33.4% of the total land area in New Zealand was under protection (Ministhe
Environment 2010). The distribution of these areas reflects the economic value of the land, with
protected areas skewed towards hilly, mountainous landscapes that are less desirable for agricultural
and forestry practises (Clout & Saunders 1995). Furthermore, the remaining native forest in lowland
areas consists of small, fragmented patchek(t & Saunders 1995; Craig et al. 20@yers (2004)
demonstrated that these patches have complex, irregular shapes, and noted that the effects of habitat
fragmentation can take many decades to become apparent over Johnson’s (1980) orders. On Stephens
island(Takapourewain Cook Strait, forest cover disappeared from browsing by sheep and cattle. This
caused fragmented forest patches that were vulnerablettorgy winds and has been linked to the
range reduction of native frogt€iopelmahamitoni) due to habitat loss (Newman, Crook & Imboden
1978). At a macro scale, immigration and emigration between-{qudpulations can be hindered by
fragmentation, leadig to smaller populations and increased inbreedi@gayghley 1994; Harrison &
Bruna 1999)At a microscale, such effects can include reduced food availability; an increase in exotic
plant species; disease prevalence, alterations in microclimate and sustigptio edge effects
(Saunders, Hobbs, & Margules 1991; Murcia 1995; Harrison & Bruna 1999; Hutchison 2008).

Humaninduced modification can also benefit species diversity in plant communities and can have
long-term positive effects for animal species when modification is managed with a range of ecosystem
services in mind (Denslow 1980; Clout & Gaze 1984; Spitzer, Novotny, Tonner & Lep#i1993).
apparent example of bridging the gap between resource use and biodiversity conservation is the
positive response of the New Zealand bushE @alco novaeseelandideroX) to exotic pine
plantations.K (E (@&re an At RiskRecovering species in the Department of Conservation Threat
Classification System, with habitat destruction a key factor contributing to their conservation status
(Lawerence 2002; Robertson et al. 2017). These birds of prey have been discovered breeding in exotic
pine plantations and are more resilient to modified landscapes than initially suspected (Stewart &
Hyde 2004; Thomas, Minot, Holland 20IM)e forestry and logging industry contribute $1.74 billion

to New Zealand’s economy annually and pine plantations have a potential role in mitigating effects of
historical deforestation (Zurita & Bellocq 2024inistry for theEnvironment & Stats NZ 2019 he
management of pine plantations to support biodiversity ahdE opulations in the absence of
indigenous forest is therefore beneficial for the conservation of the species and also allows forestry
companies to meet Festry Stewardship Council (FSC) certification and improve their public image
(Pawson, Ecroyd, Seaton, Shaw & Brockerhoff 20Ildn)néctions from integrating systems will
influence the maintenance of ecosystem health, human veihg, and in the long run, the sector
itself and the economy (Guerry 2005; Talli®&lasky 2009)

1.2.3 Introduced predators and competitors

Predation and competition are ecological constraints that strongly influence an animals’ behaviour,
resource use and fitness (Johnson 198[&son, Brown & Smith 2002). These constraints can be-short
or longterm selective pressures, shaping the habitat available to that animal throughout that period
(Clark & Shutler 1999).

Prior to the arrival of humans, the only land mammals in New Zdalere bats (King 1990). The
absence of mammalian predators and competitors influenced the evolution of New Zealand’s flora
and fauna (Clout & Saunders 1995). One such effect resulted in other animal groups evolving to
become functional equivalents of mammals or evolving traits such as longevity, low reproduction rates
and freeze tactics, leading to the vulnerability of many species after the arrival of huKiagsl984
Diamond 1990 The introduction of mammalsin particular,has transformed ecosystems and
landscapes by reducing vegetation density and altering vegetation composition from selective
browsing (King 1990; Wardkt al. 2001). The browsing of native biota from herbivores has also

4
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created habitat suitable for introduced plant species to colonise, posing a further threat to indigenous
plant communities (Craig et al. 2000). Preddtee off-shore islands and fenced sanctuaries have
played an important role in indigenous species survival by offering refuge from the drastic effects of
introducedmammalian predators and competitors.

1.2.4 Disease

An additional hypothesis in New Zealand’s biodiversity decline is the impact of emerging disease
(Tompkins & Jakaebloff 2011) Having evolved in isolation, New Zealand native species can lack
defences agast introduced diseasesuch as avian malaria a@hytridiomycosigBell et al. 2004;
Tompkins & Jakeobloff 2011) Thelack of diversity and species richness in lemshmunitiescanalso
increaseand alter the frequency oihfection and diseaséOppliger et al. 1998; Price et al. 2014).
Furthermore, thechangein environmental conditiongan cause an animal stress anthi individual
cannot adaptor immune systems arsuspectable, it can lead to both temporaaynd long-tem
physiological changes for that individu@ilton & Lutz 2003).Conservation managers need to
consider disease as a potential cause of population de€liompkins & Jakebloff 2011)

1.3 New Zealand Native Frogs: Leiopelma

Endemic New Zealand frogs have long been isolated and are among the most anighiian
species in the world (Fleming 1975; Worthy 198Tae exdemic frogs in New Zealand belong to the
genus Leiopelma(Anura: Leiopelmatidae) and are part of New Zealant@irchaic” fauna that
originated from Gondwana (Fleming 1975). Extant species of Leiopettnde two terrestrial and
morphologically similar taxa: L. archayid L. hamitoni(L.pakekawas synonymised with bamitoni

by Easton 2018and one semaquaic speciesl.. hochstetter{King et al. 2009; Easton 2018). Extinct
Leiopelmainclude L. auroraersis, L. markhami and L. waitomoensiswith the first two being
osteologically similar to L. hochstetteaind the latter to Lhamitoni(Worthy 1987a; Easton 2018)

ExtantLeiopelmaspecies are smallvith snoutventlength (SVL) ranging from up to 40 mm for the
smallest species, L. archeio 51 mm for Lhamitoni, the largest species (Worthy 1987a; Bell 1978;
Bishop et al. 2013). They are carnivoroeating a range of invertebrates such as beetles and mites
(Stephenson & Stephenson 1956; Bell 1978; Shaw, Skerratt, Daglish & Bishop 2012). All three
Leiopelmaspecies are generally nocturnal. They are terrestrial breeders, with egg clutches laid under
stones, logs, or vegetation (Bell 197B).archeydisplay parental care, with tailed froglets developing

on the male’s back, conversely L. hochstet@nae are aquatic without close association to parents
(Bell 1978; Bell 1985a). All three species ararsitwait predators that display “freeze” tactics when
threatened and are crypticallgoloured in predominantly shades of brown and green (Bell 1978;
Thurley & Bell 1994). The frogs lack certain middle ear structures and external eardrums that are
characteristic of modern frogs, with Leiopelmat known to vocalize in a social context, although they
have been observed to vocalise when in distress or to startle predators (Bell 1978). Evidence suggests
L. hamitonicommunicate through chemical signals ambw strong site fidelity (Bell 1978; Newman
1990; Lee & Waldman 2002; Waldman & Bishop 2004).

The extinctions of Lauroraersis, L. markhami,and L. waitomoensi&nd the New Zealand threat
classificationof extant Leiopelmaoincide with habitat loss after human settlement and predation
from kiore (Table 1) (Worthy 1987; Bell 1994). The primary agent of recent declines in Leiopelma
include mammalian predation and disease (ThurleBell 1994; Bell et al. 2004; Bishop et al. 2013).
but have not been conclusively demonstrated as threats to Leiopedsatated in the New Zealand
Native Frog Recovery Plan 262318 (Bishop et al. 2013). Population declines for Leiopemdave
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huge implications for the overall survival of the species due to the current isolation and size of
populations. Additionally, the slow maturity -@ years) of the specieand their reliance on
environmental cues for breeding and low clutch sizes1@ eggs), can result in lower lifetime
productivity in high predation or stressful environmentStéphenson & Stephenson 1957; Bell 1978;
King et al. 2009; B.D Bell pers. comm

Habitat modification is regarded as an ongoing threat to Leiopedpecies (Bishop et al. 2013).
Amphibians are highly sensitive tbanges in their environments for severabsons, a key factor is

their semipermeable skin. Habitat modification impacts microclimates and ecosystem processes that
are essential for amphibian survival and reproductiBoughet al. 1987; Ash 1996; Krishmaurthy
2003).Leiopelmaare particularly vulnerable to habitat loss and modification because they occupy
discrete home ranges and depend on particular microclimates (Stephenson & Stephenson 1956; Bell
1978;Creel989; Thurley & Bell 1994; Ramirez 2017gyTare also a relatively immobile species and
therefore cannot easily relocate when their home ranges are adversely afféetstheret al. 2010;
Ramirez 2017)For example, evere modification ofL. hamiltoni habitat on Stephenssland
(Takapourewa)with the clearance of indigenous vegetation thought to have contributed to confining
the population to a boulder baniBell 1985b)Reduction in indigenous forest cover also occurred on
Maud Island, with remaining.lhamitonipopulations ocurring in forest remnants on the island (Bell
1985b). Furthermore, habitat loss has contributed to the fragmentation of populations of L.
hochstetteri on the mainland,with isolation shown to cause smaller, cytogenetically distinct
populations that are atrisk of potential inbreedingGreen 1994; Easton 2018). Lastly, habitat
disturbance from mining in southern Coromandel has been highlighted as an activity that could impact
L. archeypopulations (Bishop et al. 2013; Burns et al. 2018).

Leiopelmeevolvedin the absence of mammalian predators. Their immobility, cryptic colouratiah
lack of vocalisatiomould havehelped themevadenative predators such as the extinct laughing owl
(Sceloglaux albifacigsbut is less beneficial against introduced mamnmalgpecies with highly
developed olfactory receptors such as raRaftusspp.) and pigsSus scrofa(Bell 201D L. archeyi
andL. hochstetterco-occurwith mammalian predators on the mainland (Bell 1985b; Thurley & Bell
1994) L. hamitoni are restricted to rat-free islands (Bell 1985b; Bishop et al. 2(B8)ence of
predation from ratshas been observedn the mainland with remains of L. archegispaying bite
marks characteristic of the roderfThurley & Bell 1994)The remains of L. archayi the stomach
contents of an introduced frog, Litoria aarevas also examinefThurley & Bell 1994). In a study on
the microhabitat of L. archeyn Whareoriro forest, Ramirez (2017) found that frogs in-caintrolled
grids were more likely to utilise the soil, leaf litter and ferimscomparisongrids not controlled for
rats had frogs more likely to be above ground level (Ramirez 2017). These results duggedteyi
select different microhabitats in the presence of rats, possibly allowing them {occor these
predators (Ramirez 2017).

L. archeypopulations have also been impacted by disease (Bell et al. 2004). Chytridiomycosis (disease
caused by chytrifungus) is suspected to have contributed to a population crashancheyion the
Coromandel Peninsula between 1992601 (Bell et al. 2004). Chytrid fungus has also been detected in
the L. archeyWhareorino population and in introduced LitospeciegBishop et al. 2009).aboratory
research has demonstrated, however, thatthllee Leiopelmaspeciescan eliminate and be treated

for chytrid, so there is still uncertainty surrounding the population decline (Bishop et al. 2009).
Furthermore, he Coromadel Peninsulagpopulation ofL. archeyhas since stabilised (Bishop et al.
2013), with infected individuals persisting in the wiiishop et al2009).Chytrid fungus has not been
detected in the other Leiopelmspecies (Moreno, Aguayo & Brunton 2011 hBjs et al. 2013), but
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new amphibian diseases pose a significant threat to native frogs should they reach New Zealand
(Bishop et al. 2013).

With the growing human population in New Zealand, climate change, and continued mammalian
predation, research is regred to ensure management of existing and futlseopelmapopulations.

This is a difficult task when the appreciation of Leiopeabwastricted (Bishop et al. 2013), and funding
towards frog conservation and research in New Zealand is limited.

Table 1Threat classifications of Leiopelrapecies by the New Zealand Threat Classification System
(2018) and the IUCN (International Union for Conservation of  Nature).
*Note: Leiopelma Hamiltoris still recognised as a separate species. fpakekaby the IUCN, thus is
included separately in this table

Leiopelma Species New Zealand Threat Classification IUCN Red List Category
System

L. archeyi At Risk-Declining Critically Endangered (IUCN

2017)

L. hochstetteri At Risk-Declining Least Concer(lUCN 2015)

L. hamiltonk Threatened Nationally Vulnerable  Vulnerable (IUCN 2015)

L. pakeka Taxonomically Indistinctive Vulnerable (IUCN 2015)

L.auroraensis Extinct Extinct

L.markhami Extinct Extinct

L. waitomoensis Extinct Extinct

1.3.1Global trends

Research presented at the first World Congress of HerpetdfyH)Conference in 1989 indicated

that many amphibian populations were experiencing declines (Blaustein & Wake 1990; Blaustein
1994). Approximately 41% of amphibian species are threateaad causes of population decline
observedin Leiopelmapopulations(habitat loss and modification, predation, and disease) are also
affecting amphibian speciagobally (Blaustein 1994; Pechmann & Wilbur 1994; Stuart et al.;2004
IUCN 2014).

Often referred to as environmental indicators, amphibian species are important contributors to the
trophic dynamics of both terrestrial and aquatic ecosystems (Blaustein & Wake, 1990; Graeter 2005).
This is largely due to their roles as predators, prey and herbivores, and their abundance in these roles,
with a loss in amphibian populations affecting other species that they eat or eat them (Blaustein &
Wake 1990). The joint interaction of these biotic relationships with abiotic factors are the primary
driversof species distribution, especially for ectotherms, which rely heavily on abiotic conditions for
survival (Farallo & Miles 2016).

The significance of amphibian declines has been disputed, with natural fluctuation observed in
amphibian populations and caon surrounding shorterm studies that did not account for these
population trends (Blaustein & Wake 1990; Blaustein 1994; Marsh 2001). What is not disputed,
however, is that the human population is causing major modifications to amphibian habitats. More
research is therefore needed on the potential threats these activities could pose to amphibian
populations, regardless if there is an overall species decline or not.
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1.3.2 New Zealand Native Frog Recovery Plan 2013-2018

The key agent(s) of decline foribpelmaare not well understood, with recovery actions focusing on
managing threats that are considered most likely to impact populations (Bishop et al. 2013). Key
information is required toincreaseour understanding in native frog behaviour and microhabi
requirements Action 16.2) and how land use activities, such as mining, may impact on these
requirements Action 14.9 (Bishop et al. 2013). Without this knowledge, translocations, habitat
restoration, and recommendations on land use activities areldniad, thus, the group regard these
actions as “essential” and “high” respectively (Bishop et al. 2013).

1.4 Study species: Leiopelma archeyi

Leiopelmaarcheyi(Figure 1.) is the world’s most wlutionary distinct and Globally Endangered
(EDGE)@xmphibian species (ZSL 2012). Natural populations occur within a &@@réarea of
Whareorino Forest and in scattered populations throughout the Coromandel Peninsula, New Zealand
(Figure 1.2). Leiopelma archeyi occurs sympathrically throughout both theo@mandel and
Whareorino Forest with L. hochstettdBtephenson & Stephenson 1956; Bell 1978; Thurley & bell
1994; Bishop et al. 2013). The total population size of L. aréhesstimated to be 500Q0000
individuals (Bishop et al. 2013).

Leiopelmaarcheyiare the least nocturnal of the Leiopelrspecies (Cree 1989; Bell 197Byring the

day, individuals retreat under logs, rocks and leaf litter/ fronds or in other refuges (e.g., hollow tree
ferns, vegetation) (Bell 1978; Rami2X17; J.T. Cisternas pers. comiergence from retreat sites

is strongly correlated with humidity, rainfall and wetness of vegetation (Cree 1989; Ramirez 2017).
Cree (1989) found individuals could rehydrate rapidly from wet foliage, such as Freycinetd, bank
and similar numbers of frogs emerged on wet nights during both summer and winter. Emerged frogs
have been observed climbing tree trunks, stems of shrubs over 2 m, and sitting on foliage and leaf
litter (Stephenson & Stephenson 198xIl 1978Cree 189; Ramirez 2017). Nightly movementd_of
archeyiranged, on average, between 0.5 and 1.5 m in Whareorino Forest, with larger frogs moving
further (Ramirez 2017).

Leiopelma archeyilay eggs in moist, sheltered areas, such as under logs, with partiabléadp
development taking place within eggs (Stephenson & Stephensor Bafi61985) Males guard the

eggs and care for hatched froglets for several weeks until metamorphosis is near corBpleiex8).

Maturity is reached after -3l years, with adult frogsbserved reaching ages of3Gyears (Bell 1978;

B.D. Bell pers. comjnLeiopelmaarcheyicannotbe sexed on external morphology, except for greater
body size in females than males and if eggs are visible through the skin on the female’s abdomen (Bell
1978).Distinct black patterns on the dorsal, ventral and flanks allow for identification to the individual
level.

Initial management of L. archewias focused on statutory advocacy and legal habitat protection
(Newman et al. 2009; Bishop et al. 2013). Sitlee discovery of chytridiomycosis, research and
management efforts have increased (Bishop et al. 2013). From 2001, L. gvopelations have
stabilised and are nmhgerin decline (Newman et al. 2009; Bishop e8l13). However, the species

is stillconsideredAt Risk’ (Table 1with concerns raised over continued predation from introduced
mammalian and amphibian species, proximity of populations to land use activities and the lack of
populations on predatacfree islands (Newman et al. 2009).
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Figure 11 An individualL archeyiemerged during nocturnal surveys at Mahakirau Forest Esta
Photo: EHotham
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Figure 1.2Current dstribution ofextantL. archeyiAccessed and modified from google.com/ma
in May 2019, NZ map frogoogle.com/images, May 2019.

1.4.1Habitat disturbance: Land use activities

As nentioned abovethe impact of land use activities dn arteyiis not well understood. There is
concern surrounding theéCoromandelPeninsulapopulation in regards to mining activities, with
scrutinyplaced on tlis sectorby their involvement irhabitat disturbancen conservation land

Minerals, including gold, silver and petroleum, are valuable national assets. The mining of such
minerals is an indusgrthat has been a major contributor to New Zealand’s economic development
and growth since the arrival of European settlers (Christie & Barker 20d&) tli past 25 years the
mining industry in New Zealand has grown strongly, with minexetactionhaving the potential to
increase the national GDP by between 1.3% and J@Bfistie & Barker 2013Yhe effects of this
growth also include additional income generated in regions from employment (&asgli2015).
Growth is largely drivelby rising demand from consumers, with these minerals used in mobile phones,
construction, wiring and appliances, and is essential for the equipmequtired to generate
sustainable forms of energy, e.g. wind turbines (World Bank 2017). On the other hand, extraction and
processing of minerals is associated with various economic, environmental and social issues (Azapagic
2004). These issues include effectshabitat disturbance, such as foreslearance on plants and
animals mortality of animal speciesffects on water quality from dischargers or spiligise and
vibration; and economic impacts to some regions after the completion of mineral extraction (Muduli
& Barve 2011).

Within the past few decades there has been a strong push for corporationdcydarty those
perceived in a negative light, to incorporate sustainable development in their business models
(Azapagic 2004). This approach comes in the form of social responsibility in recognising the needs of
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everyone; effective environmental protection; prudent use of natural resources; and the maintenance
of high and stable levels of economic growth and employment (Jenkins & Yakovleva 2004). Corporate
social and environmental disclosure has also grown considerably, with Annual Reports required by
legidation (Jenkins & Yakovleva 2004; Muduli & Barve 20Hdithermore, increased awareness of
environmentalimpactsand the personal ethical ohdividuals in corporations should hetpinimise
adverseeffects of resource extraction

In New Zealand, to prosgt, explore or mine a Crown owned mineral a permit must be granted
(Ministry of Business, Innovation, and Employment 2019). FurthefcarssAgreement is required
from the Department of Conservation (DOf@y mining on public conservation lantHowever
continued mining and exploration on conservation land leal to social and ecological conflicis
some areas.

Habitat disturbance fronpastroadingandhousing waslso exploredn this thesis. The construction
industry does not get as much scrutiny as the mining sector, especially in the Coromandel. However,
similar to mining, the development of roads and housing is driven by demand from consumers and
can have adverse effects @ants and animalsReports on the environmental effects of a roading
development is required by Council, but how these reports are followed through depends on the
Council andOC

1.5Thesis outline

1.5.1 Objectives of this study
The main aim of this thesis is to investigate whether human-induced habitat disturbance impacts the
abundance and microhabitat use of L. archeyi. Questions to be addressed are:

1. What habitat characteristics affett archeyabundancewithin survey site®

2. Does historical disturbance from exploration minjrigousing-related activitie®r roading
affect habitat characteristics and abundance of L. arc¢heyi

3. Is microhabitat use selected due physiological constraints or behaviowsponse8

4. Are there intrinsic (age class) factors influencing microhabitat selection?

1.5.2Study area

This study was carried out in two areas within the Coromandel Peninsula, New Zealand,
Wharekirauponga WKBP catchment (3817'51.8"S, 175°49°'18.2"E9nd Mahakirau Forest Estate
(MFB (36°50°20.9"S, 175°31'45.9"HJigure 1.3) Leiopelmaarcheyi has been recorded in WKP
(although size or distribution of population iskimown)andwas chosen because of tharious time
scales of disturbangé¢he presence of frogandthe type of disturbanceThis (sub) population isalso
recognised athe southernmostL.archeyipopulationon the Coromandel Peninsul@imilarly, MFE

had a known (suf) population of L. aradtyi MFE was chosen because the area differed in the
disturbance typeandin topographyfrom WKP
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Figurel.3 Coromandel Peninsula in the North Island of New Zealand (NZ) (inset). The blue
indicates Wharekirauponga (WKP) and the orange circlealkiedu Forest Estate (MFE). The darker
green on the map indicates forested areas. Accessed from google.com/maps on August 2019, NZ
map from google.com/images, August 2019.

1.5.21 Wharekirauponga

WharekiraupongaWKB is located within the Coromandel Forest Park, a public conservation area
managed by the Department of Conservation (DOC) with limited predator control applied when
funding is available (a 1080 poison aerial drop occurred in 2017, with no fofjosentrolcurrently
scheduled). WKP has a history of disturbance, including logging Raath{s australispnd Pinus
radiata prior to the 1980s. Vegetation in the lower catchment of the WKP area is largely regenerated
forest including species such as Kunzea roh@tathea dealbatandKnightia excelsagflecting this
period of earlier disturbance~(gure 14). The WKP area was prospected for gold and from the 1980s
onwards patches (approx. 10 m x 10 m) of vegetation were cleared for exploration sites or other
mining activity. Leiopelma archegmdL. hochstetteroccur sympathrically throughout WKP.
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100m

Figurel.4 A: Aerial photograph of WKP taken in 1948, showing the extent of vegetation clear.
(OceanaGold Ltd 2019). Berial photograph of WKP taken during 2012-2013, accessed from
data.linz.govt, showing vegetation regeneration.

This study focused on historicaxploration mining sites (1980s, 1990s and 2010-16) and the effect
this activity had on the habitat use of L. archeyi. The continued exploration at WKP and interests in
mining activities on the Coromandel Peninsula might be better managed if the effegptmration

on L. archeyis better understood.

Exploration mining is required to locate and define a particular economically mineable commodity in
a mineral province (Christie & Barker 2013). Once the mineral has been found, exploration begins by
seleding an area to investigate based on an assessment of geological history and past mining activity
(Christie & Barker 2013). Geophysical, geocheraicdeological methods have been developed to
assist with the investigation of prospects, including the ofsérills that collect core samples that are
examined for mineral composition (Christie & Barker 20T8 selection of sites from which to drill

for exploration of veins aschosen based on location and spatial orientation of favourable geological
targets at WKP (Newmont 2012).

Historical exploration sitei this studywere chosen based on site availabibtydaccessThe period
between 2000 and 2010 was not included as minimal vegetation disturbance occurred during this time
at WKP, so no pairs were available to surn@ysfewartpers.comm, 2018) Sitesexploredfrom the

1980s and 1990s were unlikely to have required flora and fauna surveys prior to vegetation removal
(S.Randalbpers. corm 2018) Further, vegetation disturbance outside the proposed exploration area

is likely to haveccurredfrom activities such as roading {lorcklempers. comm2018).Two sites used

in this study from the 1980seave replanted withK robustaandA. australis However, flora and fauna
surveys includingL. archeysurveys were completed from 201@016, and equipment was placed
within the cleared sites via helicopter to avoid additional vegetation loss. Proposed exploration sites
from 2010-2016 were at least 20 m from a water course, not exceeding 1,5@latively flat and free

of mature trees to minimise vegetation disturbance. Four sites from this paaddeliberately been
replantedwith K. robustaandA. australis
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1.5.21 Mahakirau Forest Estate

Mahakirau Forest EstateiFB comprises almost 600 hectares, divided into 24 privately owned
properties. A stoat trapping programme was established in 2001, with rat and possum baiting
implemented in 2007 and 200®redator contol, however,is not carried out on all the privately
owned properties. MFE aldws a history of disturbance, including kauri loggarg] from the 1990s
patches of vegetation were cleared for farming, housingjvitesand roading areas. The focus forghi
study was on sites that had been cleared for pasidingconstructionor during building construction
(housing)activities althoughno sites had been physically built on. Housiatated activities include
areas used for material storage, machine pagkand gardensRoading sites were more severe in
terms of disturbance, with continued use over an extended period of tmemparison to housing
sites that had less vegetation clearance (still over 50%) and wereays&da shorter timeframe.
Roading es were no longer used as roads during this study period and never had tarseal. The 2010-
16 sites were closer to areas that were still udgdpeople, such as a house, and one site had a
pathway through it.

1.5.3Chapteroutline
The chapters are laid out as continued research chapters. This format was chosen to reduce repetition
when methodology was the same

Chapter 1is thesidntroductory chapter.

Chapter 2 addresses the impact of historical exploratiawading and housing-related activites
disturbance onlL. archeyiabundance,accounting for variation in detection probability, and
investigates habitat selection in disturbed and undisturbed sitEsis chapter is important in
addressing how land use activity impacts the abundance of L. amhéyathers information on the
species and habitat characteristics that are relevant for future monitoring and population
management.

Chapter3 focuses on tk microhabitatselectionof L. archeyand whether microhabitat use differs
from the microhabitat availability within sites WKP and MEH his study increases our understanding
of the suitability of habitats for L. archdgi establishment or maintain populations in the future.

Chapter 4is a summary of the results and conclusions of each chapter. yrihatliscuss the
implications for future management of populations within the Coroman@ehinsulaand offer
suggestions for future research to increase our understanding of L. archalyitat use and ecological
drivers.
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Chapter2

Abundance of_eiopelma archeyn relation to disturbance caused by lande

An individualLeiopelma archeyiapturedduring a nocturnal surveyhoto: E. Hotham
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2.1 Introduction

Habitat degradation and loss from land use activities iprimary case of decline in amphibian
populations worldwidgBlaustein & Wake 1995; Blaustein et al. 1994; Stuart et al. 20@djtat loss
cannegativelyaffect populationsand this has been showwo be through changes in the conditions
required for breeding and surviv@Hall et al. 1997Ash 1997)Such changes have knock on effects
through trophic chains, predategorey relationships and in the dispersal of individud&dsdlay &
Houlahan 1997Houlahan & Findlay 2003; Crawford & Semlitsch 20@@)itatdegradation andloss
islargely fueled by the needs and demands of the growing human populdfiteNeely et al. 1990)

But biologicalsystemshave a limit andwill not sustain e current rate of consumptioiiMcNeely et

al. 1990) Conservation management decisions therefore need to balance these impacts with
economic objectives and sustainable resource use.

Amphibians are particularly susceptible to habitat changes because teegesmerally slowmoving

and smaHbodied, making them unlikely to disperse great distance when exposed to adverse effects
(Poughet al. 1987; Ash 1997; Gibld®998). Their sensitivity tothe microclimate also increases
vulnerability, such as the risk of d&sation or inducing stress (Findlay & Houlahan 1997
Krishnamurthy 2003)An exampleof microclimate senévity is shown in salamander populations
during timber harvesting, with modification t@oil moisture, temperature and humiditgausing
detrimental effects on individuals (Petranka, Elderidge & Haley 1988)demand forasources, such

as timber, isunlikely to significantlglecline in the foreseeable futuré&nderstanding how amphibians
utilise and select the resources and conditions within a given landscape is therefore important in the
management of populations and in the development of conservation plans to mitigate the effect of
habitat changegPetranka, Elderidge & Haley 1993; Ash 1997; Hero & Morrison 2004; Crawford &
Semlitsch 2008

It has been acknowledged in theational Frog Recovery Plan that land use activities and habitat
disturbanceare possible threaand agens of decline to Leiopelmapeciesn New Zealand (Bishop
et al. 2013) Currently, the habitat requirements of Leiopelrage largely unknownlin the past,
management plans have focused on mitigating for diseaseplautsare in need of revision in the
changing landscape.

Leiopelmaarcheyi, the smallest of thieeiopelmaspeciespopulatean area of Whareorino Forest and

are scatteredthroughout the Coromandel Peninsula, New Zealédll 1978) Theirlack of vocal
chorusand nocturnal emergence cause difficulty for monitoring, their colourationis unique to

each individual, allomgidentification of individuals (Bell 1978; Thurley & Bell 1994). Semi-permeable
skinis acontributing factor tothe correlation of energence with humidity, rainfall and wetness of
vegetation (Cree 1989; Ramirez 2017). Emerged frogs have been observed climbing tree trunks, stems
of shrubs over 2 m, and sitting on foliage and leaf litter (Stephenson & Stephenson 1956; Bell 1978;
Cree 1989; Raimez 2017). Averageecorded nightly movements of individudl. archeyiranged
between 0.5 and 1.5 m in Whareorino Forest, with larger frogs moving further (Ramirez 2017).
Maturity is reached after -3l years, with adult frogs observed reaching ages (§¥tgears (Bell 1978;

B.D. Bell pers. comra018).

As a ground dwelling amphibian drcheyicould be more susceptible to changes to the resources and
conditions present in the environmenteiopelma archeyare thought to be particularly vulnerable
because theyoccupy discrete home ranges and depend on particular microclimatesduce the
chance of desiccatio(Stephenson & Stephenson 1956; Bell 1978; Q889; Thurley & Bell 1994;
Ramirez 201)7 And therefore, esources and conditions that aftelemperature and moisture within
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areas determinghe availability of habitats, such as areas with high humidtityl.. archey{Pough et

al. 1987). Land use activities that remove quality habitat, for exacatepy cover that then caas
aredudion in moisturethrough reducedleaf litter, may affect the abundance and demographics of
frogs.Leiopelmaarcheyihave shownsufficient resilience to survive severe habitat disturbance in the
past, including kauriogging, disease and mammalian predation (Bell, Carver, Mitchell & Pledger
2004).1t is unknown, howeverif these past disturbances have impacted or continue to impact,
current populations.

The mining industry is a major contributor to New Zealand’s economy, but this often comes at a cost
to the envionment (Christie & Barker 2013). Exploration mining, the process before gold and silver
extraction, can disturb habitats by the complete removal of vegetation and associated substrates, such
as woody debris and litter, from an area over a prolonged tiniigrations, constant light and noise
pollution immitted by drills are also factors associated with exploration. As the human population
expands, increased pressure is also-ppbn decision makers to approve the clearance of forest to
make way for roadingral housing. Like exploration mining, building new roads and homes involves
the disturbance of habitats by the removal of vegetation and associated substrates. It is important to
measure these effects of habitat disturbance on vulnerable species, likeheyato understand how
species react and whether they can persist during and after theseuaadactivities. From this
information, decision makers can then be informed of the best conservation management plans to
assist vulnerable species.

The historical disturbancefrom exploration miningroading and housing-relatedctivities on the
CoromandePeninsulavere investigated in this study to determine thffexts oncurrentL. archeyi
abundanceMining activities from the 1980s, 1990s and 2010-16 are regarded as historical mining.
Roading and housing-related activities from the 1990s and -20l®are also regarded as historical
activities. Investigation of the dmographics of individuals withithhese age categoriesvas also an
important consideratiorbecause measures of density, reproduction and survival provide important
information regarding habitat quality over timédghnson 2007).

2.1.1Research questios

1. What habitat characteristics (elevation, \etgtion) affectL. archeyabundance within survey
sites?

2. Does historical disturbance from exploration minimgading or housing-related activities
affect resources and conditions within sites? Does tfiecathe abundance of. archey?

3. Does the effect of historical disturbance on habitat features influence demographics within
study sites?

4. What effectsthe detection probability of L. archewiithin sites?

Objectives of managing wildlife usually involve managing the environig@méeny and Henderson
1986) The information gathered and analysed in trésearch will increase our understanding on the
habitat requirements of L. archeyBuch information is important for translocatioasd future
management of populationehen exposed to landse activities

17



Chapter 2

2.2 Methods

2.2.1 Sampling design

Field sampling wasarried out in two forests on the Coromandel Peninsula, New Zealand, in
Wharekirauponga (WKP) catchment (38°17°'51.8"S, 175°49'18.2"E) and Mahakirau Forest Estate
(MFE) (36°50'20.9"S, 175°31'45.9"E). Both WKP and MFE have undisturbed and disturbed areas in
each (Figure 2.1). WKP has a history of mining exploration and MFE was subdivided into housing lots
in the 1990s. Within WKP and MFE, pairs of 100 m2 survey sites were selected. Each pair consisted of
a disturbed site (D) and an adjacent undisturbed dite(Figure 2. 1Appendix 1& 1b). WKP had 12

pairs of sites and MFE had 4 pairs. There were more pairs at WKP because of the number of separate
and available disturbed sites and the significance of this area for both frog conservation and
exploration minng (Bishop et al. 2013). These pairs were all within 315,000 m2 area of the WKP
catchment and surrounding ridges and encompasses an area of 110,000 m? irD&tBBEvere
collected between 14 November 2018 and 20 March 2019.

Coromandel
Peninsula
Q /A
&‘k‘ @0\
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i 4?%\
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Figure2.1 Sampling desigto assesshe effect of disturbance on abundancelafiopelma archeyiThe
disturbed (D) and_undisturbedqU) sites arewithin two study areas on the Coromandel Peninsula.
Disturbed sites are grouped into “Yearfdisturbance”.

Locations of past exploration sites at WKP were obtained from OceanaGold Ltd (43 Moresby Ave,
Waihi), and additional disturbeslte locations at MFE were provided by Sara Smeraoasident with
knowledge of the area. Sites were classed as disturbed if > 5@&gefation had previously been
cleared for either mining exploration (WKP) or roading and housing-rektgdities (MFE) at any

time after 1980.
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Paired sites were separated by a minimum distance of 20 m, but no more than 100 m to ensure
physiography and orientation remained comparabléstirbed sites were selected first, and then
matched with arundisturbedsite with respect to elevation, aspean@ when relevant, distance to a
body of water. No disturbedr undisturbedsites were known to contain frogs immediately prior to

site selectionUndisturbedsites have had no significant vegetation clearance after 1980; however, it
is very likely that eveundisturbedsites have been disturbed by human activity at some stage in the
remote past due to pre-1980 mining activity in WKP and farming practises in MFE.

Disturbedsites were put into categories of ‘Years since disturbariéigu¢e 2.1; Appendika & 1b),

with these categories chosen based on their significance to L. arclieytgcle and site availability.

The period between 2000 and 2010 was not included in this study as minimal vegetation disturbance
occurred during this time at WKP, so no pairs were available to sutvBie(vartpers.comm, 2018).

Fivedisturbedsitesat WKPtfwo from the 1980s, three from 20106)had been replanted with Kunzea
robustaand/or Agathis australiby OceanaGold Ltd (previously Newmont Mining) because of consent
requirements to restore habitat after exploration activities. At M#iEturbed sites had been left to
regenerate after clearance, although a pathway through Site 14D has continued to be used by the
local residents.

The size of each site was chosen to be 100 m2 in reference to the mean distances travelled per night
of L. archey(1.0—3.0 m) to ensure movement out of the site was less likely, the scale of disturbance
events, and the survey effort required within a restricted time period (Thompson, White & Gowan
1998; Ramirez 2017). Most sites were squares, where possible (10 m}x 3ides 14D and 14U were

8 m x 12 m due to the proximity to site 14D of ongoing human disturbance (gravel driveway). Sites
were set up by marking the perimeter with flagging tape for ease of delimitation during nocturnal
surveys.

2.2.2 Field methods

Frog surveys

One to two pairs of sites were surveyed each night between the hours of 20:00 andd¥e@drogs

are most active (Cree 1989; Ramirez 20¥8kite from each disturbance category and the paired
undisturbedsite was surveyeih November, December and February. Unfavourable conditions in
January limited surveys, with only one pair from the 1980s surveyed. March was also too dry to survey
extensively, with one pair from the 1980s and one pair from 2010-16 surveyed.

Leiopelmaarcheyiwere countedwithin sample sites over 33 nights. This sampling period spanned
spring to autumn and included the end of the breeding season (November), brooding season
(December), and nemating (March) of L. archefBell 1978)Sites were surveyed at least 24 h after

the perimeter had been flagged (excluding feitesdue to time limitations) to minimise the influence

of human interference on frog counts.

Surveys involved searching for emerged frogs rather than lifting rocks or logs and so had less potential
for halitat destruction and disruption to animals (Scott & Woodward 1994). However, up to two dead
fern fronds, if present, were lifted as my personal observations from prior experience is that fronds
are favoured substrates for L. archeyid are easily replacedith minimal risk of crushing unseen
frogs. Surveys were only conducted on nights with temperature®€ Bhd humidity > 85% to avoid
nights likely to have low frog emergence (Bell 1978; Cree 1989; Ramirez 2017).

Each site was surveyed over three consecutive nights, using closedenagkure methods (Scott &
Woodward 1994; Lettink & Armstrong 2003). Three survey nights were recommended by the
Department of Conservation (DOC) Frog Recovery Group to ©@Geédeh Ltd for L. archegurveysSix
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surveysiteshad the third night of surveying two weeks after initial survey nights due to dry weather
conditions. The time and abiotic conditions, including moon phase, temperature, relative humidity,
cloud cover, and precipitation (‘none’, ‘light’, or ‘heavy’) were recorded at the start and end of each
survey,consistent withprevious surveys fok. archey(Scott & Woodward 1994; Babbitt, Veyser &
Tanner 2010). Vegetation wetness during the surveys was recorded as ‘dry’, ‘moist’, or ‘wet’ because
wetness of vegtation did differ at times from precipitation (Cree 1988)Kestrel 3000 and Kestrel

5000 Pocket Weather Metensere hung 1.5 m off the ground within each site to record both
temperature and humidity at the beginning and end of each sur&eyefined by Cree (1989), “moist”
vegetation was “only slightly wet, or wet in some patches of the site and dry in others”. “Wet
vegetation” was recorded when the vegetation and leaf litter were saturated throughout the site

Surveys of each pair of sites were conducted in teams3$@rveyors. The ground and vegetation up

to eye level (1.5 m) were visually searched during these surveys for emiergecheyi. Over the 3
consecutive nights, the direction of walking within each site changed to also ensure the site was
completely surveyed and to minimise heterogeneity in detection probability among indivighigilse

2.2). Each site within a pair was surveyed at different times over the 3 nights; on night 1 we surveyed
the disturbedsite first, on night 2 we survegethe undisturbedsite first, and on night 3 a coin toss

was used to determine which site was to be surveyed first. This reduced potential bias due to human
error (e.g., more alert at the start of the night). Constant search effort was attempted, buintiee t
spent in each site necessarily varied according to vegetation density and complexity, number of frogs
processed, and topography.
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Figure 22 Survey design for visual encountersiridividualL. archeyi Each site was surveyed ov
three nights, with the direction of walking throughout the site changing between nights to increase
the likelihood of finding a new froghe direction of walking is indicated by arrows and broken lines.
Purple and blue lines represent ropes used within the site that reduced disorientatiimimised
heterogeneity in detection probability arehsured site area was completely surveyed. Ropes were
removed by pulling delicately from outside the site.
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Frog data collection

Each frog was photographed on the substrate it was found on e.g., on an Astelia trlaef\(laigure
2.3.A). Additionally, its location was marked using a Ga@&SMAP 64§&PSResearchers garing
powderfree nitrile glovesapturedfrogsindividuallyand placedeachfroginto its ownpre-numbered

clean ziplock bag for immediate processing, with frogs assigned a number in order of capture (Figure
2.3.B & Figure 3.C).While the frog was in the bag, snhetd-vent length (SVL) was measuredngsi
digital callipersKigure2.3.D), and the frogs were weighed using a spring balance scale calibrated for
the weight of the bagAgeclass classifications were grouped as the followid@ fnm SVL juveniles,

18- <24 mm SVL for suhdults, and 24 mm SVior adults (Whitaker & Alspach 1999; Easton 2015).

In order to identify individual frogs, any peculiarities were noted, and close-up photographs were
taken to capture unigue markings

The substratethe frogwas found on was notednd height above groud (zero was recorded for on

the ground) recordedThepercent of vegetation cover within 10 cm vertically above the frogs was
estimated over an area the size of the frog. Air temperature and relative humidity (RA) at each frog
capture location was measuragsing a Kestrel 3000eather meter Time of capture was recorded.

The captured frog was left inside the bag and pegged off the ground to a tree until the site was
surveyed for that one night. This avoided recapture or trampling of frogs (FigRiEg) 2Ndorog was

left inside a bag for more than 2 hours. The frogs did not appear to experience any discomfort from
prolonged capture A small marker tag and flagging tape with the number associated with each
individual frog was placed in the capture locationfigture vegetation surveys (Figure 2.3.F).
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Figure 23 A: An anergedL archeyion anAstelialeaf; B: L. archeybeing capturedand location of
frog marked with a GP&:Ventral photograph ofn individualL. archeyinside a iplock bag; D:
Snoutto-vent (SVL) length of L. archéging measured with digital callipers to 0.1 mEiin a
numberedziplock bagan individual L. archeyiaits to be eleasedafter being processed; A

releasedndividualnear its marker stake.
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Habitat characteristics

To investigate the habitat characteristics potentially affecting L. arcmymdance, reconnaissance
plot vegetation descriptions (RECCRdleft & McLennan 1983llen 1992 were compiled RECCEs
were completedrom January March 2019 after the completion of frog surveys. Vegetatsarveys
occurredduring the day (Table 2.4Cover was estimated for all the species or taxa in each site in six
standard height tiers (>25 m, 45 m, 5-12 m, 2-5 m, 33 m, 0.3 m) and one epiphytic class (Allen &
McLennan 1983). Cover was taken as the species’ foliage shadow at solar zeadth tieie(Redpath

& Rapson 2015), and assigned to one of six cabendance classes, ranked froré Were used (<1%,
1-5%, 6-25%, 26-50%, 36%, 76-100%) for each tier heigilén & McLennan 1983Tree species
were identified using the New Zealand mI&€onservation Network website (NZPCN) (NZPCN 2019) to
delimit nomenclature (accessed June 2019).

RECCE descriptions were used to derive two further vegetation variables possibly relevant to frog
habitat quality: the average canopy height of the dominant vegetation (estimated to the nearest
metre) and the canopy cover above 1.35 m (visually estimated by the proportion of sky blocked out
by vegetation; Allen & McLennan 1983). Site variables recorded included elevation, physiqgsaphy
ridge, face, gully grrace orillside), anddrainagewere also included in the site descriptions, but the
latter two were not included in the analysis because majority of the sites were on hillsides with good
drainage.

2.2.3Analysis

Frog abundance estimates

Variation in L. archegbundance among sites within WKP and MFE either together or separately was
estimated to establiskivhether variation in abundance was associated with disturbance and habitat
characteristics.

In most cases, counts of individuals witleach site will be less than the true number present, and the
degree of underestimation will vary with weather conditions and other factors. It is therefore
important to measure detection probability which can be estimated from repeated encounters of
individually identifiable L. archeyPrevious studies dn. archeyhave shown that individuals typically
move between 1.5 m3 m throughout the night and go back to the same refuge, or in close proximity

to that refuge, each night (Cree 198Ramirez 2017)A closed markecapture model was used to
estimate frog abundance within sites because it was assumed over three consecutive survey nights it
would be unlikely that birth, death, immigration and emigration would occur within a site.

Data were analysed using purpose-built closed mradapture models fitted in OpenBUGS (version
3.2.3) (Spiegelhalter, Thomas, Best & Lunn 2014) using Markov Chain Monte Carlo (MCMC) methods
(Appendix2). OpenBUGS was used because the site design was complex ardpiEve were
surveyed than anticipated, so a flexible modelling approach was required. For more on modelling
mark-recapture processes in OpenBUGS refer to McCarthy (2007), Link and Barker (2010) and Kery
and Schaub (2012).

Under these models, the number of ngwoundand recaptured frogs detected on nighin site iare
assumedo be sampled from binomial distributions based on the tatambers present at the site
and the capture and recapture probabilities for eatght, i.e:

ufi,j] ~ dbin(cfi,j], W,j])
m[i,j] ~ dbin(p[i,jl,M[i,j])

where uli,j] is the number of new frogs capturedh numbered order mli,j] is the number of
recaptures,U]i,j] is the number of frogs on the site that have not yet been captured, Niijhe
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number of frogs captured to dat@]i,j] is the probability of a new frog being captured, and d,the
probability of a frog being recaptured. On the first night:

U[i,1] <-N[i,j]
M[i,j+1] <-0

whereN[i,j] is the number of frogs on the site. On each subsequent night they are adjusted as follows:

U[i,j+1] <-U[i,j]-u[i,]]
MIi,j+1] <-M[i,jl+ul[i,]]

| expected that the capture and recapture probabilities migataffected by:

- temperature

- humidity

- the effect of capture on subsequent recapture probability, e.g., did capturing and handling affect
L. archeys behaviour with this effect reducing the probability of emergence, and therefore a
recapture, over the following survey nights

Capture and recapture probabilities were therefore modelled as:

logit(c[i,j]) < a.p+b.T*T[i,j]+b.H*H][i,j]+re.t.p[night[i,j]]
logit(p[i,]]) < logit(c[i,j})+b.B

where a.pis the intercept, Tand H are the temperature and humidity, bandb.Hare the effect of
these variables on detection probability, bi8 the effect of capture on subsequent detection
probability, and re.t.ps thenightly random effect omletection probability.

The number of fogs on each site was taken to be sampled from a Poisson distribution, i.e.:
N[i] ~ muli]

where mul[i] is the expected number of frogs. An unconstrained model was run first to show patterns
among sites of detection and abundance probabilities without &xglory variables used to explain

these patterns. This process ensured the subsequent models fit the data | used. | then wished to assess
whether abundance was affected by disturbance while accounting for potential variation due to area
(WKP vs MFE) anaér-scale spatial variation. | therefore modelled the expected abundance as:

log(muli]) <a.mu+b.dist*dist[i]+b.dist90*dist90[i]+b.dist10*dist10[i]+b.area*areali]+re.pair[pair[i]]
where b.distis the overall effect of disturbance and accounts for sdesturbed during the 1980s,
b.dist90andb.dist10allow for potential differences due to the age of the disturbance (1990 and 2010-
16),b.areais the effect of the area (WKP vs MFE), and re.pair is a random effect accounting for residual

variation among pairs.

To assess whether the numbers of frogs varied according to vegetation and other habitat
characteristics within sites, expected abundamaes also modelled as:

log(mu[i]) < a.mu+b.pcal*pcal[i]+b.pca2*pca2[i]+b.ele*ele[i]+b.canper*std.canper]i]
+b.domveg*domveg[i]+re.pair[pairi]]
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whereb.pcalandb.pca2is the effect of vegetation composition ( s8ectionon Vegetation analysis
for an explanation of these parametgyb.eleis the effect of elevatior).canpeiis the effect of canopy
cover above 1.35 m, anddomvegis the effect of the tallest dominantegetation. The explanatory
variables were standardised prior to analysis to allow for easier interpretation of effect sizes.

The model had uninformative priors (normal distributions with mean 0 and precision 0.1 for main
parameters) and was run in twchains for 41000 samples, with the first 500 samples discarded as
burn-in.

Habitat characteristics
Temperatures and other characteristics of the environment were averaged over the survey period.

Vegetation composition at sites was characterised usirdination techniques and coefficient of
determination, to assess how vegetation was affected by disturbance and whether this was a useful
predictor of frog abundance.

For each species the maximum cover category over all tiers was linearised in respectrtmpoint

of each cover class by squam@t transformation. Sample sites were arranged along a gradient of
similarity with respect to vegetation composition using Principal Components Analysis (PCA) in
CANOCO, Version 4.5be( Braak & Smilaugt002) and a plot produced of the location of each
species in the top two dimensions of ordination space was produced. Site locations in ordination space
were summarised by plotting mean and standard deviations of each site for both areas and for the
different disturbance histories in each area.

L. archeyi abundance and habitat interactions

The pattern of the vegetation composition was further explored by categorising the species and taxa
into functional groups such as might affect the behaviour of frogs, wipbs¢otaxoromic skills are
unknown @Appendix 4.

To determine if the separate categories differed in the sites and habitat suitability for frogs, plants
were sorted into functional groups based on the characteristics according to the species’ NZPCN
descrption (NZPCN 20)9The functional groups included:

- Tree ferns fern species with “trunks” that bear a large crown of fronds.

- Ground fernandclimbing ferns grouped together because these species occupy similar
habitats and can often be both or eithground dwelling or climbers.

- Nest—rosette-forming species, including Blechnum discalwd B. fluviatile

- Low growingmonocot- Low growing species that are loose tussock forming, with upright to
strongly curved and distinctly dropping leaves.

- Monocot tuftincluded species such as Astelia solaadd Gahnia setifolidhat had the leaf's
furrow open upwards and leaves rather stiffly erect.

- Sedges and grasses were grouped together into monocot low gralimdo their lax
morphology.

- Schoenus taois classed as a ‘sedge’ by NZPCN description, but was placed separately into
Restiaddue to the circular, narrow culms forming densely interwoven tangles that were unlike
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other species in the sedge structural class

- Epiphyticspecies were split into for functional groups; Epiphytespecies which grew on other
plants;Climbers which included the woody vineMgtrosiderosspp.);Epiphyte vines non-
woody stems that climb the trunks of trees; and Epiphyte +iesf open upwards forming a
water-holding container in the centre of the plant.

- Mossandlichenswere grouped together due to their small stature growing close to the ground,
and often forming dense cushions or mats.

- Shrubs were split into two functional groups: Shauta Dry shrubShrubwas used for a woody
plant which is smaller than a tree and has several main stems arising at or near the ground, with
Dry shrulcontaining species which have small leaves (< 30 mm)

- Small tree < 12 nmcorporated tree species which rarely grew over 12 m
- Treewas used for woody species which commonly grew over 12 m.
- Palmlikeincorporated palm specie®Rhopalostylis sapida).

- Herbs/ Low growingncluded small herbs and low growing species.

For this analysjghe average maximum cover values fdrspecies within each functional growas
used Analysis of the functional groufata was otherwise the same as for the species’ cover data. In
addition, the difference between the disturbed and undisturbed site2-dimensional ordination
spacethe ordnation axeswas scaled by the percent of variance explained by eaxh sing the
equation:

@disturbed site on axis-Lundisturbed site axis 2§ % variance on axis+ (disturbed site on axis 2
—undisturbed site axis 2¥ % variance on axig 2

The scaled distances were then graplagminstthe difference in frog abundance betweeéisturbed
and undisturbed sites to correlate with the frog abundance estimates, as these vegetational
differences were not included in the modelling.

2.3 Results

2.3.1 Frog captures

A total of 176ndividualL. archeyiwere found from November 2018 to March 2019. Twesityof the
176 frogs were found at Mahakirau Forest Estate (MF)pklmaarcheyiwere found within both
disturbed and undisturbed sites and rangiedfrequency of capture over the age categories (Table
2.1). There were 29 L. archegtaptures. In addition, 28 L. archeyeére found outside the sampling
sites and were excluded from analysis
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Table 2.11 eiopelmarcheyicapturetotalsin disturbedandundisturbedsitesandaverage numbeper
site within eachdisturbancecategory. Wharekirauponga (WKP) had a totall@fdisturbedsites and 12
undisturbedsites. Mahakirau Forest Estate (MFE) had four distusiied and fouundisturbedsites.

Area Wharekirauponga (WKP) Mahakirau Forest Estate (MFE)
Disturbed sites  Undisturbed sites Disturbed sites  Undisturbed sites

Total frogs found 66 84 18 8

Numberof frogs 5.5 7 4.5 2

found per site

Numberof frogs 4.6 34 N/A N/A

found per 1980s

site

Numberof frogs 7.6 6.3 2 0

found per 1990s

site

Numberof frogs 5 4.5 8.5 4

found per 2010-

2016 site

2.3.2L archeyiabundance estimates

Disturbedsites on average at both WKP and MFElngterestimates of L. archegbundance overall
(Figure2.4).Disturbedsites from the 1980s was estimated to have a higher abundance of L. archeyi
than paired_undisturbedsites Disturbed sites from 2010-2016 had lowerstimates of L. archeyi
abundance than in their paired undisturbaites at WKP. MFE had higher abundance estimates in
disturbed sites. Estimated L. archepbundance ranged from 0 to 25 frogs over the 32 sites as
expected This range was not entirely caused by disruption from disturbance activities as sites varied
in other habitat characteristics unrelated to disturbance. The error bars for each pair of sites did
however have large ranges and overldfigire 2.4). WKP and MFE also differed in abundance
estimates, although this is likely caused by lack of sites at MFE instead of the disturbancEitumes (
24, Table 22).
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Figure 24 Estimated and 95% credible intervals for frog abundance within sites at WKP an
when modelled in relation to the effects of area (WKP vs. MFE) and disturbastoaatés for
disturbed (blue bars) andundisturbedsites (orange bars)with errors bars lsowing 95% credible
limits. Very similar estimates are obtained when abundance is modelled in relation to vegetation and
habitat characteristics.

Based on abundance parameters shown in Table éhZaverage there is estimated to be 6.5 frogs
within undigurbedsites in WIR,7.9 at sites disturbed in the 1980s, 8.1 for sites disturbed in the 1990s,
and 4.6 for sites disturbed in the 2010s. However, these differences are not significant, as the 95%
credible intervals for the relevant effects.dist, b.90, b.1pall overlap zero.

Frog abundance at MREas estimated to be 37% as high at WKP (based on parameter b.area)
However, this is not a significant difference between the 95% credible interval for lmeedaps zero
(Table 2.2).

The effect of capturel(B) on individual L. archehiad a negative response on detection probability

with a 10% chance of recapturing a frog over the following survey nights at each site. The probability
of detecting a previously undetected frog (obtained by baeksforming parameter a.p) was
estimated to be 0.32 (Table 2.2). This means that on average about 32% of frogs at a site on the first
night were detected and 68% by the end of the third night. Temperature and humidity did not have a
significant effect on detection probability in the model, withé®%redible intervals overlapping zero
(Table 2.2).
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Table 2.2Means and credible limits (CL) for the parameters used to model the effect of area and
disturbance orlL. archeyabundance and the effect thaemperature, humidity and capture has on
detection within the 32 sites at WKP and MFE. A logit function was used to form linear relationships
by dividing the number of frogs found by the number of frogs known to be on the site, but not sampled
in any one night, with the logit then badkansformed so coditional effects can be interpreted.

Parameter Meaning Mean SD 25%CL Median 97.5% CL

a.mu Intercept: logl) at 1.87 0.41 1.04 1.88 2.66
average undisturbed site
at WKP or MFE

b.dist Overall effect of 0.20 0.30 -0.39 0.19 0.80
disturbance and accounts
for sitesdisturbed during
1980s

b.90 Effect of disturbance 0.02 0.41 -0.78 0.02 0.82
during 1990s on
abundance estimates

b.10 Effect of disturbance -0.55 0.37 -1.29 -0.55 0.17
during 2010-16®n
abundance estimates

b.area Effect ofthe area (WKP -1.00 0.74 -2.55 -0.99 0.43
vs MFEpn abundance
estimates

s.pair Random effect 1.15 0.32 0.68 1.01 1.91

accounting for residual
variation among pairs

a.p Intercept: log N) for -0.76 0.36 -1.55 -0.74 -0.10
capture probability

b.B Effect of capture on -1.47 0.46 -2.35 -1.47 -0.52
subsequent detection
probability

b.H Effect of humidity on 0.19 0.16 -0.12 0.20 0.50
detection probability

b.T Effect of temperature on -0.05 0.14 -0.32 -0.06 0.23

detection probability

2.3.3Habitat difference

Differences in the resources and conditions present between sites and pairs were not only caused by
exploration miningroadingor housing-relateddisturbances Table2.3). Abundance estimates bf
archeyiwithin sites was likely associated with these differences in the habitat.

Site elevation ranged throughout WKP and MFE, with 272 m the average elevation. The highest and
lowest elevations surveyed overall was 448 m and 149 m, respectiadieR.3). Bth these extreme
ends of the range in elevation had frogs in high numbers. (

There was also variation in the mean temperature and humidity between pairs throughout the five
months of surveyingTiable2.3). This range in abiotic conditions did not deter L. archeyrgence,

29



Chapter 2

with frogs recorded over a range of humidity (< 85.3¥0%) and temperatures (9.02C18.5°).

Fewer frogs (<4), however, emerged when humidity was lower (<88 %) while in comparison
temperature was not shown to have the same effect on emergence. Less variation was seen among
disturbed and undisturbedsites within a pair, likely caused by the proximately of the sites and the
consecutive surveying methodologyapble 2.3).

Drought conditions wereexperienced from January through to Méar with pairs 14 and 15
particularly dry. There were 96 surveys (32 sites surveyed over 3 nights), with 16 surveys conducted
in rain, 33 when vegetation was wet and 47 surveys when vegetation was dry

Factors affecting the distribution and abundance anplspecies within these sites include abiotic
conditions, elevation, disturbance age and type and site maintenance after the disturlfagoee(

2.5). A total of 9lanttaxawere identified within sites at WKP and over the 8 sites surveyed at MFE,
a total of 60 plant taxa were identified. The dominate height of plant species and the canopy cover
above 1.35 m also varied between sites and pdiedble 23). On average, disturbed sites had a lower
height indominantvegetation (9.7 m) than undisturbed sites (13.9 m) and a lower percent of canopy
cover above 1.35 m (51.1 %) than undisturbed sites (81.2%) overall.

Table 2.3.L. archeyabundance and habitat characteristicsdisturbedand undisturbedsites within
pairs categorised by age of disturbance at Wharekirauponga (WKP) and Mahakirau Forest Estate
(MFE).

Variables Disturbed Site Undisturbed site
Pair 1- 1980 Total no. frogs 5 1
WKP Mean SVL 27.31 23.70
Elevation 212 211
Mean temperature nocturnal surveys 9.2 9.0
Mean humidity nocturnal surveys 95.7 97.6
Canopy cover above 1.35{#b) 40 85
Average top height vegetatiofm) 12 12
Pair 2- 1980 Total no. frogs 4 15
WKP Mean SVL 28.28 23.88
Elevation 217 214
Mean temperature nocturnal surveys 17.8 17.7
Mean humidity nocturnal surveys 93.6 94.0
Canopy cover above 1.35{#b) 70 60
Average top height vegetatiofm) 10 14
Pair 3- 1980 Total no. frogs 4 0
WKP Mean SVL 23.51 0
Elevation N/A N/A
Mean temperature nocturnal surveys 15.7 16.2
Mean humidity nocturnal surveys 94.9 95.2
Canopy cover above 1.35({#b) 25 75
Average top height vegetatiofm) 7.5 14
Pair 4- 1980 Total no. frogs 9 0
WKP Mean SVL 25.95 0
Elevation 222 225
Mean temperature nocturnal surveys 14.5 14.3
Mean humidity nocturnal surveys 97.7 98.1
Canopy cover above 1.35 (%) 40 85
Average top height vegetatiofm) 8 13
Pair 5- 1980 Total no. frogs 1 1
WKP Mean SVL N/A 22.2
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Elevation 200 190
Mean temperature nocturnal surveys 16.8 16.9
Mean humidity nocturnal surveys 90.9 90.6
Canopy cover above 1.35(b) 40 50
Average top height vegetatiofm) 6 10
Pair 6- 1990 Total no. frogs 10 13
WKP Mean SVL 19.57 20.64
Elevation 152 149
Mean temperature nocturnal surveys 16.7 16.3
Mean humidity nocturnal surveys 94 96.8
Canopy cover above 1.35(b) 60 70
Average top height vegetatiofm) 8 9
Pair 7- 1990 Total no. frogs 3 0
WKP Mean SVL 21.33 0
Elevation 261 N/A
Mean temperature nocturnal surveys 15.7 15.2
Mean humidity nocturnal surveys 87.6 90.6
Canopy cover above 1.35(b) 95 95
Average top height vegetatiofm) 6 8
Pair 8- 1990 Total no. frogs 10 6
WKP Mean SVL 25.32 27.95
Elevation 213 211
Mean temperature nocturnal surveys 10 9.4
Mean humidity nocturnal surveys 97.2 97.6
Canopy cover above 1.35(b) 45 85
Average top height vegetatiofm) 14 12
Pair -2010  Total no. frogs 4 16
16
WKP Mean SVL 26.12 25.6
Elevation 252 244
Mean temperature nocturnal surveys 16.5 16.2
Mean humidity nocturnal surveys 93.2 94.5
Canopy cover above 1.35 (#b) 50 90
Average top height vegetatiafm) 4 14
Pair 10-2010  Total no. frogs 12 18
16
WKP Mean SVL 24.19 22
Elevation 239 N/A
Mean temperature nocturnal surveys 16.3 14.2
Mean humidity nocturnal surveys 98.2 96.8
Canopy cover above 1.35 (&) 40 95
Average top height vegetatiaim) 15 17
Pair 11- 2010 Total no. frogs 2 10
16
WKP Mean SVL 28.55 26.43
Elevation 259 268
Mean temperature nocturnal surveys 16.9 16.7
Mean humidity nocturnal surveys 96.9 96.5
Canopy cover above 1.35 (%) 50 80
Average top height vegetatiafm) 2 10
Pair 12-2010  Total no. frogs 2 4
16
WKP Mean SVL 28.75 29.00
Elevation 254 247
Mean temperature nocturnal surveys 12.8 13.2
Mean humidity nocturnal surveys 91.1 88.6
Canopy cover above 1.35 (#b) 20 90
Average top height vegetatioim) 11 9
Pair 13- Total no. frogs 14 7
201016
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MFE Mean SVL 26.62 22.93
Elevation N/A 448
Mean temperature nocturnal surveys 15.1 15.1
Mean humidity nocturnal surveys 98.9 98.2
Canopy cover above 1.35 (#b) N/A N/A
Average top height vegetatiafm) 12 20
Pairl4-2010  Total no. frogs 3 1
16
MFE Mean SVL 31.02 26.22
Elevation 312 312
Mean temperature nocturnal surveys 16.1 15.7
Mean humidity nocturnal surveys 93.8 97.3
Canopy cover above 1.35 (%) N/A N/A
Average top height vegetatiaim) 18 25
Pair 151990 Total no. frogs 1 0
MFE MeanSVL 32.68 0
Elevation 317 303
Mean temperature nocturnal surveys 17.3 16.5
Mean humidity nocturnal surveys 85.3 91.8
Canopy cover above 1.35 (&) 60 90
Average top height vegetatiaim) 12 12
Pair 16-1990 Total no. frogs 0 0
MFE Mean SVL 0 0
Elevation 286 277
Mean temperature nocturnal surveys 18.5 18.4
Mean humidity nocturnal surveys 85.2 83.3
Canopy cover above 1.35 (%) 90 96
Average top height vegetatiaim) 13 22
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Figure 25 A: 1980sdisturbedsite at WKPB: 1990sdisturbedsite at WKPLC:2010-16 disturbedsite
at WKPD: Undisturbedsite at WKP E:Undisturbedat MFE;F:1990sdisturbedsite at MFEG: 1990s
disturbedsite at MFEH: 2010-16disturbedsite at MFE
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2.3.4 Vegetation characteristics

Comparison of vegetation characteristics gave support that plant species differed in various degrees
within WKP and MFE, between disturbadd undisturbedsites and timesince disturbanceRigure

2.6).

In the PCA, axes 1 and 2 explain 33% and 16% ofatienee in the data respectively. Axis 1 was
positively associated with forest species such as Cyathea dealbata, mature trees species such as
Kunzea robustayweinmannia silvicolaand Knightia excelsa, and negatively related to a range of
species associatiewith early succession such as ground ferns and tufted h&ibarg2.6, Appendix

3). The second axis is more of a disturbance gradient, with mature forest lower down, and seral forest
at the top of the axis (Figure® Appendix 3

There is no overlap between the two areas sampled (Figiand Appendix B The sites within WKP
had a stronger association with tree species commonly seen in mature forests, suchilscwlaand
Phyllocladus trichomanoidgas well aschoenus tendehich is associated wittegeneratingAgathis
australisor K robusta Sites within MFE had a higher cover of Beilschmiedia tawld&hopalostylis
sapida, as well as tree ferns and understory species, includitycarya arboreand Geniostoma
ligustrifolium

Disturbedandundisturbedsites within WKP and MFE show a small degree of separ&iguré2.6).
Undisturbedsites were all located slightly lower down on Axis 2 thandis&urbedsites, so they have
higher abundance of tree ferns, Dicksonia sqasarand C dealbata, and Freycinetia banksii, and
lower levels of SendoandBlechnum vulcanicunHowever, the standard deviations of disturbead
undisturbedsites overlap within both areas suggesting there s&aificancealifferencein vegetation
characteristicsbut not one with a low value(Figure 26).
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The variance explained by Axis 1 and Axis 2 for the functional group data is 38% and 26%, respectively.
In comparison to Figure @.the biplot shows WKP is more associated withiaest and dry shrubs,

while MFE associates with epiphytes, tree ferns and nest forming species (EiQuiisturbed sites

are more associated with low ground covers (mosses and lichens), while the undisturbed sites
associate with abundance of trees inrfjeular. There are differences on the disturbance categories,

with sites disturbed during the 1980s at WKP more associated with restiads in comparison to the other
periods, while later disturbances appear lessese or closer to undisturbed forest. Howes; the
overlapping standard deviations indicate that these differences are not strong and the maturity of
species within groups is not apparent in this figure (Figurg 2.7
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Figure 27 Unscaled®CA biplot of the means and standard deviations from the disturbance pe
andundisturbedsites at WKP (yellow) and MFE (green) plotted with the functional groups derived
from the maximum cover values from the RECCE tier dgtpendix4).
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2.3.5 Relationships between habitat and L. archapundance
EstimatedL. archeyabundance within sites was positively correlated with elevation and vegetation
type as summarised by PCARble 2.4).

The probability of detecting a previously undetected frog was 0.31 in the model incorporating
vegetation and other habitat characteristicCEaple 2.4).

Table 24 Means and credible limits (CL) for the parameters used to model the effect of vegetation
and habitat characteristics on frog abundance within 32 sites at WKP andAM&git function was
used to form linear relationships by dividing the number of frogs found by the number of frogs not
found which have then been batkansformed so conditional effects can be interpreted.

Parameters Meaning Mean SD 2.5% CL Median 97.5% CL

a.mu Intercept: logWN) at 1.42 0.31 0.80 1.42 2.02
average
undisturbed site at

b.pcal Effect of pcal on 1.25 0.40 0.50 1.23 2.11
abundance

b.pca2 Effect of pca2 on -0.17 0.15 -0.48 -0.17 0.12
abundance

b.ele Effect of elevation 0.70 0.36 0.03 0.69 1.44
on abundance

b.canper Effect of canopy -0.31 0.29 -0.91 -0.30 0.25

cover above 1.35m

on abundance
actimatec

b.domveg Effect of dominate -0.13 0.29 -0.72 -0.13 0.42
vegetation on
abundance

S.pair Random effect 1.13 0.27 0.71 1.01 1.76

accounting for
residual variation
among pairs
a.p Intercept: log N) -0.75 0.37 -1.55 -0.73 -0.11
for capture

Scaling the distances between the pairs of distureadundisturbedsites by the axis eigenvalues and
plotting these against the differences in frog abundance between the sites showed the regression line
to be nonsignificant(Figure 28).
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2.3.6L. archeydemographics

It was hypothesised that trendgould beobserved in the age structure of L. archeithin disturbance
categories. These expectations were somewhat matched with observed &igae( 2.9. As
predicted,L. archeyin disturbedsites from the 1980s and 2010-2016 at WKP ranged in age class, with
greater abundance of adult frogs found (Figurg) 2Disturbedsites from the 1990s and undisturbed
sites ranged more evenly over the age classes, excludidigturbedsites from 2010-2016 that had a
higher density of suadult and adult frogs (Figure 2.9

At MFE, there was also a higher number of adult L ardhe®010-16disturbedsites (Figure 2).
Undisturbed sites from 20206 showed more of a range in age class.
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sitesdisturbedduring1990, 1980 and 2010-2016 (blue) and in the paired undistusited (orange).
WKP Number of sites 1980 = 5; Number of sites 1990 = 3; Number of sites 1B0104.
MFE Number of sites 201416 = 2.
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2.4 Discussion

2.4.1Habitat features promoting.eiopelmaarcheyiabundance

Habitat features correlated with.Larcheyiabundance include high elevation andvegetation
composition includingforestspecies and mature tregpeciesBoth featureslikely determine habitat
selection of L. archewit the home rangescale(secondorder selectiorin Johnsors 1980 hierarchy).

Increased.. archeyabundance at higher elevation can be attributed to increased rainfall and humidity
and a reduction in predator numberBgellman & Trueb 1994; Chappell 20I3jrrestrial amphibians
require habitat with high levels of moisture for respiratory and osmoregulatory functions, and this is
thought to often limit their habitat to higher elevations with adequate humidity and rainfall (Duellman

& Trueb 1994; Spotila et al. 1992; Hillyard 1999). Elevation greater than 450 m has previously been
associated with a higher abundance of L. arctiegm elevations below this leveait other surveys sites

on the Coromandel and in Whareorino foré¢Biell 1978; Cree 1989; Thurley 1996). Contrary to these
previous findings, elevations at WKP and MFE did not exceed 450 m, yet L. aerteesiill present

in high numbers. This indicates that individuals are found at lower elevations but favoured higher
elevations within these areas likely due to preferred climatic conditions.

Particular plant species were also habitat features associated with higharcheyiabundance
thought to be throughtheir contribution to the leaf litter andhabitat use for L. archeyiduring
emergence. Tree species connected to higher abundance of frogs, such as Knightia excelsa, have
leaves larger than the body size of a juvenile frog (> 18 mm), allowing shelter or emergence positions
to individuals. The leaves also have relatively slow decomposition, causingipuitdthe forest floor

and trapping moisture between layers that individuals use to prevent desicc&lioapter 3. Forest
species include tree ferns, such as Cyathea dealbata, that also contribute to the leaf litter and
therefore increased moisture rates on the forest floor. Tree ferns were also recognised as valuable
habitat features during emergence asarcheyiwere frequently observed climbing or in the crowns

of the plants. The crown of tree ferns offer shelter from fallen litter, moisture and rehydration. Trunks
of tree ferns are probably easier to climb than those of trees, with frond stumps observed asgerc
spots and aiding in climbing by acting as grip points. The prominence of these plant species is
consistent with previous studies reporting on the association betweesardheyiabundance and
vegetation types in the Coromandel and Whareorino arease(C889; Thurley 1996; Ramirez 2017).

2.4.2Disturbedsitesvs. Undisturbed sites

The pattern shown in the vegetation characteristics indicated tentative differences between disturbed
and undisturbed sites, although L. archesdre present in both sitéypes. Undisturbed sites had a
greater association with forest species overall, including Dicksonia squartoskgalbata and
Freycinetia banksiiln comparison, disturbed sites had a stronger relationship with mature tree
species, includingunzea robust, Agathis australisand Phyllocladus trichomanoideb disturbed

sites these species were expected as K. robusta recolonising species after disturbanég,
trichomanoidess also common in secondary growth and grows in association with A. aystralis\.
australishas been replanted in five sites following exploration. Kunzea rolaust®. trichomanoides

do not only occur after humamduced disturbance, but also after natural disturbances such as tree
falls(Brockerhoff, Ecroyd, Leckie & Kimberley 20B%ploration miningroading and housing-related
activities therefore provided favourable conditions for these species to regenerate. As mentioned
above, forest species and plants typically associated with mature forest are associated with L. archeyi
abundance through their role in the ecosystem. Therefore, the fact that these species are found to
some extent at both disturbed and undisturbed sites suggests that there is appropabiat used

by L.archeyiat both types of sites.
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Climatic conditions recorded in the field during surveys did not differ between the disturbed and
undisturbed sites within each pair, soetie datawere not analysed further. The differenceeedikely

due to the close proximity of the sites, the size of the sites, and the nocturnal timing of the
measurements. Both temperature and humidity, however, are likely to be much more variable
between pairs during the heat of the day (Hardwick et al3)Qespecially given that the disturbed
sites had consistently lower canopy heights (by 4.1 m) and canopy covers (by 30%) than the
undisturbed sites. These sites are likely to have drier soils that reduce the vegetation species able to
revegetate sites and could affect the daily movements and refuge selection of L. aldkégiportant

to consider the possibility that disturbed sites in general could be drier, as this could affect L. archeyi
behaviour in their response to the risk of dehydration. If different resources, such as logs or tufted
plants, are selected by hrcheyito mitigate for a drier habitat, management plans need to account

for this. Further investigation is required on tdaytime behaviour of L. archepiefore conclusions

can be made.

2.4.3Theeffect historical disturbance during the 1980s, 1990s and 2dhas oncurrent habitat
characteristics and frog abundance

There was some tendency fordrcheyiabundance to be lower at the most recently disturbed (2010
16) sites but this difference was not significant.

Exploration mining requires the removal of all the vegetation within an area of 10 % 1d) i drill

rig. After the removal of the drill rig, sites at WKP werther left to revegetate or were partially
replanted with K. robustand A. australis All three age categories slightly differed in vegetation
composition. This is not uncommon because the succession or rate of recovery following disturbance
depends on the nature of the disturbance, the severity, and the impact of the prevailing environmen
(Sarmiento, Llambi, Escalona & Marquez, 2003; Brown, Mark, Kershaw & Dickinson, 2006; Warren &
Buttner 2008). Between the decades, exploration mining techniques likely evolved, and the level of
disturbance is expected to have been different between tB80s, 1990s and 2010-16. Further, time
since disturbance was predicted to influence abundance because succession is a process that requires
time and it has been showthat L. archeyis associated with mature foresFewer frogs were
therefore estimated ® be in 2010-16 sites.

Several possible explanations exist for the lower abundance estimates of frogs Hi@@i€turbed

sites at WKPFirst, and most importantly, this tentative difference at WKP is due to chance. Climatic
conditions during surveys, sl as precipitation, influenced emergence, observer error effected
percent of frogs found, and unknown variables are among such explanations.

Secondly, there has been no research, to date, examining the effect of drill rigs on the behaviour of
Leiopelmalt is unlikely noise from exploration activities affect the frogs as they do not have external
ear drums (Stephenson 1951). However, vibrations and the constant light emitted from rigs could act
as a deterrent to frogs in a certain radius and have lasting effects within the two years post drilling. A
follow-up research project from this study would be an opportunity to explore this hypothesis.

Following on, a third feasible explanation is the replantation of sites witbldistaand A. australis

did not promote occupancy in the short term. Both plant species have relatively small leaves (< 35
mm) and A. australiitter has extremely slow decomposition rates impacting on moisture levels in
the litter (Enright & Ogdon 1987; Wyse, Wilmshurst, Burns & Perry 2018). The presence of leaf litter
has been shown in other terrestrial amphibian studies as an important habitat feature. For example,
terrestrial Plethodontid salamanders recoloritsites after4-6 years post disturbance once litter has
reformed and basedlinear regressions it was estimated that after-20 years salamander numbers

in these sites will equal or exceed numbers on forested plash 1997). If litter dryness affects
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abundance, then the reformation of a moist litter layer could be dictatirggtime-frame of L. archeyi
re-establishment in this study (Ash 1997¢h8enustendo, a reed species favoured by frogs when
present in sites was not in great abundance in comparison to 1980s replanted sites, causing a further
reduction in habitat quality.eiopelmaarcheyiwere also observed in the least disturbed areas in the
replanted sites where leaf litter was deeper and low growing tufted plants were present, increasing
moisture levels and available refuge sites for frogs. Sites disturbed in the 1990s had a greater
abundance of forest species, while in comparison sites from the 1980s had a greater abundance of
plant species associated with mature forest. These results indicate frogs utilise different resources for
survival and reproductioandabiotic and biotic conditions possiblyecome suitable in disturbed sites,

only after a minimum period of a decadallowing sites to naturally regenerate after disturbance
could therefore have a greater benefit for L. archelyundance.

It is difficult to make the same conclusions regarding L. arcimyidance in sites at MFE due to the
small sample size and the environmental conditions during nocturnal surveys. Sites disturbed by
roading during the 1990s at MFE were surveyed in driaditmns. The humidity was above 80% for

all surveys, but the leaf litter was drier during the MFE surveys due to a period of drought. Through
modelling, | accounted for the effect that such differences in temperature and humidity might have
on detection pobability. Roading disturbance had a prolonged and more destructive effect on sites
than housingrelatedactivities due to the continued use of the site over an extended period and the
volume of vegetation removal required in these sites. Plant specpsaify associated with mature
forest, such as Elaeocarpus dentatwere associated with 1990s disturbed sites, as expected, due to
the longer regeneration period and the drier environment at lower elevations. Forest species,
includingC. dealbataandF.banksii, were mostly found 2010-16 disturbed sites. These species were
reflective of the environment where higher elevations at MFE had increased humidity from the low
cloud cover. Favourable habitat features, such as higher humidity and mature plants, at increased
elevations likely has a greater influence on L. archbyndance at MFE than the effect of historical
disturbance.

To conclude, although there was no statistical significance difference in abundance between the time
periods, there were obvigs differences in individual sites that contributed to higher abundance and
indicated habitat preference of L. archeyi. How a site was mandgedg andafter disturbance has
shown to have key role in abundance estimatisthe future.

2.4.4 Historicadisturbance effecs on L. archeydemographics

Understanding effects of habitat disturbance on population demographics may lead to better
predictions about the effects of land use activities on individuals. The behaviour and habitat use of L.
archeyiin disturbed and undisturbed areas is not well uretend. Therefore, movement and dispersal
patterns are alsdargely unknown.Graphing theSVL data shows difference indemographics
between disturbed and undisturbed sites. The similarities in vegetation between 1990s sites and
undisturbed sites, and 198a@nd 2010-16 disturbed sites at WKP, could explain differences in
demographic structure among these sites. In a study on plethodontid salamanders, redishtiped

sites usually contained adults, indicating juveniles and sub-adults did not have thetahbilithstand

the marginal moisture conditions in the thin and dry leaf litter within disturbed sites (Ash 1997).
Leiopelmaarcheyijuveniles have also been associated with deep leaf litter and microhabitats that
provided cover (Ramirez 2017). As menéid above, the replanting of K. robustad A. australis in
1980s and 2010-16 disturbed sites at WKP is likely to have impacted leaf litter moisture and the
regeneration of groundiwelling plant species. This likely has led to habitat of low quality for juvenile
frogs. Sites at MFE and undisturbed sites, 1990s disturbed sites and unplanted 1980s sites at WKP had
a greater abundance of plant species that produced deeper leaf litter and vegetation that provided
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ground cover for individuals. The 2016 distubed sites that weraot replanted had a wider range
of age classes, suggesting the ability of L. ardbesirvive this type of disturbance is reasonably high
at both WKP and MFE if resources and conditions are adequate.

2.4.5Disturbanceactivities

Exploration mining at WKP and roading and housing-related activatiddFE did not result in
significantly lower abundance estimates of L. archeyi. It is difficult to compare the effects from
exploration miningroadingor housing disturbance on L. archepundance because there were fewer

sites surveyed at MFE, leading to low statistical power in the abundance model. The low sample sizes
can easily result in spurious conclusions that do not adequately reflect L. ahaistiat use or the
guality of habtiat within an area (Anderson et al. 2001). In addition, because of this low sample size at
MFE, an interaction term to assess any differences in effects of disturbance between the areas was
not appropriate. Unconstrained estimates also did not give anicatidn that the two disturbance

types reflected a different pattern. Future research on different disturbance types will add weight to
the possible effects on the habitat uselofarcheyi

This study does not conclude exploration minir@@adingor housing-relatedactivities have no effect
on L. archeyi This research is based on the impact of historical disturbance on the preagnt
abundance of frogend it can be speculated that immediate effedi®m landuse activities will
negatively affect frogs

Between the 1980s and 2016, the nature of the exploration process changed as regulations tightened.
Exploration mining during the 1980s and 1990s was less focused on awxdiongical impacts than

at present, with sites chosen based on ease of access and mineral position. Qualified ecologists were
not present during clearance and vegetation was not checked for species such as amphibians or
geckos. During site clearance it is very likely that detrimental effects, including tramping, occurred
within the exploration footprint. In comparison, tighter protocols within access agreements were in
place during 20146, with sites chosen in respect to physiography, density of matuesfand
potential frog refugia (Newmont 2012). Qualified ecologists surveyed sites before vegetation
clearance and were present during the removal of trees. Despite these conditions decreasing the
likelihood of adverse effects on L. archélye removal ofvegetation and quality habitat will not favour

L. archeyiabundance in the interim. Further, cleared vegetation was placed in other areas of the
forest, causing secondary habitat disturbance that possibly affected frogs in these areas by damaging
refugia and crushing individuals.

A similar pattern of vegetationremoval is thought to have occurred at MFE. Vegetation clearance
operations during the 1990s had less regard to ecological impacts, while1Btkarance was
overseen by a local resident with ecological experience and an interest in L. atoltagiiterature,

the effects of laneuse activities in forests may cause physiological stress from landscape
fragmentation, influence hogparasite interactions and the persistence of regional metapopulations
(Gibbs 1998; McKenzie 2007; Janin, Lena & Joly ZDiid)smalscale (10 m x 10 #hof vegetation
clearance is likely not large enough to have caused many of the effects seen in large scale
fragmentation studies. However, it is important to note that L. arclpeyiulations are presumed to

be prone to wide-sale fragmentation owing to the spatial and temporal dynamic nature of
amphibians (Gibbs 1998).

Over a decade after disturbance, L. arctayundance in sites reflected abundances in undisturbed
sites presumably due to thémited size of the disturbancelhe resulting open canopy and lack of
understory following disturbance, whether natural or huriziduced, will not promote abundance
for a species that are at risk of desiccation. As noted in populations of Mixophyes if¢natirstial
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period after disurbance before forest regeneration could not be tolerated by the amphibians due to
the lack of wetter forest (Lemckert 1998). Once regeneration commenced and depth litter increased,
M. iteratusreturned to the area (Lemckert 1998). A similar relationship betweercheyand forest
generation is likely to occur and results from Chapténdcate that alternation of the vegetation
composition may not be a problem as individuals utilised various substrates during emergence.
Additionally, the scale of disturbed sites is thought to resemble natural tree fall in forests.

2.2.6Detection probaility

Amphibians can be particularly difficult to survey as they are often cryptic and require certain abiotic
conditions for emergence (Blaustein 1994 is therefore assumed that during a survey not all
individuals within the area will be found. Inishstudy, the probability of detecting a previously
undetected frog was estimated to be 32% for a anght search. Consequently, over three nights of
surveying, it was estimated that 68% of L. arclmew site would be detected. Detection probabilities

are expected to increase if surveys are more intensive i.e., diurnal and nocturnal. During subsequent
surveys, the detection df.archeyiwas also influenced by previous capture as indicated by the 10%
recapture probability estimate.

The degree of stress experienced by the frogs is difficult to determine, but it can be assumed handling
and bagging individuals causes some level of distid®gse are likely addition&hctorsnot considered

in this study that influeneemergence of L. archeyi, suchpmedator avoidance or food requirements

that future research could address.

Predator abundance within the two areas was also not considered in this study due to time restraints,
although predator avoidance is expected to have affected L. arttadyjiat use during emergence.
Future research on these variables effecting the Coromandamicheypopulation could be extremely
informative for survey methodology.

2.4.7Conclusion

The aim of this chapter was to address what habitat characteristics could be driving L. archeyi
abundance, and whether land use activities affected the resemiand conditions within sites. At the
scale of this study, results indicate that the abundance of L. ar@hpgitly in response to the species’
relationship with plant species typically associated with mature forest and higher elevation. Historical
disturbance impacted the vegetation characteristics present in disturbed and undisturbed sites, but
this did not have significant effects on L. arcteyiundance in the present. | therefore recommended
allowing sites to naturally regenerate after a distuniba activity, or if consent conditions require
replanting, | suggest that tree ferns or other species that contribute to leaf litter depth and moisture
would promote L. archeyeturn to sites.

During the process of explorationmnig,roadingor housing-relatedactivities, it is presumed negative
effects on individuals will occur through the loss in resources or due to the activity itself. As the human
population continues to grow and demand for resources increase, the effeahdfulse activities on

the habitat use of species requires further understanding to mitigate for these possible adverse
effects.

45



Chapter 3

Chapter 3

Microhabitat selection of Leiopelma arch@yMWharekirauponga and Mahakirau Forest
estate

: Il X - :
An individualeiopelma archeymerged on a dead fern frond at Wharekirauponga. Photo: E. Hotham
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3.1Introduction

Organisms are not typically distributed randomly in their environments. Instead, as a result of natural
selection, they tend to choose habitat characteristics that are most favourable to them (Southwood
1977, Clark & Shutler 1999). It is important to reaisg that this selection is a hierarchical process.
Selection is exercised over scales from the geographical range of a species, destrmder
selection to the home ranges, or secofdder selectionas seen in Chapter(dohnson 1980). Third
order ®lectionis the habitat use within the home range and finally, fountider selectionis the
acquisition of resources at that site (Johnson 1980). “Microhabitat” refers to the finer habitat features
in the second, third and fourtbrders, and these associations are spec#sl sitespecific (Johnson
1980; Hall, Krausman & Morrison 1997).

The microhabitat requirements for ectotherms are structured by physiological constraints (Duellman
& Trueb 1994; Bell 1978; Cree 1989; Graeter 2005; Ash 1997). A primgsiplpgical feature of
amphibians is their semi permeable skin (Duellman & Trueb 1994). Abiotic and vegetative
characteristics that affect temperature and humidity are important factors in determining the
microclimate and microhabitats available (Pough at 1987). A moderate to warm, moist
environment is required to persist for terrestrial amphibiaasd the animals rely on behavioural
changes to regulate evaporative water loss to lessen their susceptibility to desiccation (Duellman &
Trueb 1994). Cree (1989), for example, recorded L. aramgiged during dry periods, but most
individuals disappeared back into refuges within an hour. L. areeylikely displaying behavioural
responses to undesirable climatic conditions. The second constraint on the habitat use of amphibians
is that some species are nocturnal (Bell 1978; Farallo & Miles 2016; Ramirez 2017). This allows for the
avoidance of higher daytime temperatures and lower atmospheric humidity (Duellman & Trueb 1994).
Further, any active thermoregulation utilised must involve exploiting certain microhabitats (Farallo
and Miles 2016). An advantage to amphibians is that they can utilize maigitat refugia, such as leaf

litter and cover objects. However, specific habitat types are required at different life stages for species
persistence (Graeter 2005; Farallo & Miles 2016).

Leiopelmaarcheyiare a kselected species, meaning they have high parental investment, low dispersal
and a long generation timeStephenson & Stephenson 193ell 1978). Rocks, logs and vegetation
are used as refuge sites during the day (Bell 1978; Ramirez 2017). Adult L. dochelyexceed 41

mm snoutventlength (SVL), with subdult SVL 184 mm and juvenile SVL18 mm(Bell 1978
Whittaker & Alspach 1999L. archeyare the smallest of the New Zealand Leiopekpacies, with
microhabitat selection during activity periods likely reflecting their small surfacex aned
susceptibility to desiccation (Bell 1978; Ramirez 2017). Ramirez (2017) demonstrated L liaatheyi
have small home ranges, however each age class utilizes an array of microhabitats. Adult frogs are
avid climbers and younger individuals more likely to be in the leaf litter (Ramirez 2017). The use of
vegetative species by the frogs is thought to reduce dehydration and increase cover from mammalian
predators (Cree 1989Thurley & Bell 1994). Further, individuals tracked during their activity period
when on the surface were found to seleticrohabitats differently from those available (Ramirez
2017). As Ramirez (2017) highlights, the study of species’ microhabitat use is important in the
conservation management of the species as basic ecologicahati@ns need to be understood
before recommendations can be explored.

3.1.1Study aims and research questisn
Gathering data on the microhabitat use of L. architiassist in decisions surrounding translocations,
captive housing and in the effective management of their environment to sustain populations. The
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