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The order Lepidopteraisan ecologicallyimportantinsect group which undertakearange of
ecosystem services, including herbivory, decomposition, and most notably pollination. Numerous
studies on Lepidopteraabundance and diversity inthe Northern Hemisphere have revealed large,
sustained declinesin population numbers and alterations to range size overan alarmingly high
proportion of species for several decades. The overwhelmingtrend is one of ongoing netloss of
biodiversity ata global scale. Land-use changes resultingin alack of nectar sources, aloss of critical
host plants, and the interaction of these impacts with the increasing pressures wrought by climate
change on already vulnerable taxa are thought to be the main drivers behind the temporal patterns

of decline being seen.

New Zealand’s Lepidopterafaunais globally significant forits unique assemblage of endemic moths
and butterflies. Despitethis, population trends of New Zealand’s moths and butterflies are so far
largely undocumented, as the long-term monitoring regimes responsible for recording declinesin
othercountriesislackingin New Zealand. To begin tofill this gap in knowledge, databasing methods
are beingundertaken on 44 years’ worth of expert Lepidopterist Brian Patrick’s personal records, in
orderto achieve aworkable dataset conducive to statistical analysis and ongoing use. Preliminary
results of observations spanning 10yearsindicate declinesin Lepidopteraat lowerelevation sites
and inagricultural areas. This has significantimplications for the future of conservation for our native
pollinatorspecies. Refinement of the database is needed, and ongoing exploration of the dataset
with the addition of earlier observations will be valuable for strengthening trends. Itis hoped that
these results willinform the conservation of akey order of New Zealand’s biotaand serve as a case
study for the value of curiosity driven, unfunded data-collection in achieving much-needed long-term

datasets.
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Chapter 1

Introduction

1.1 The significance of New Zealand Lepidoptera

1.1.1 Ecological importance

Adult moths and butterflies are nectarfeeders whose primary importance in worldwide ecosystems
istheirrole in pollinating flowering plants. Studies on pollination systems in New Zealand primarily
focus on the role of native birds and lizards, and there is a lack of knowledge about specific
Lepidoptera-plantinteractions (Gillespie, 2010; Newstrom & Robertson, 2005). Plant mutualisms
with Lepidopterabased on scent are possible; for example, flowers of the native tree Dysoxylum
spectabile release asweetscentat nightand provide small amounts of nectarthat appearsuitable
for moths. Adult moths fromthe Micropterigidae family are able tofeed onfernsporesand pollen
due to specialised mouthparts and this may accidently pollinate plants (Newstrom & Robertson,
2005). In general, asignificant portion of the New Zealand flora show characteristics of entomophily,
growing flowers that are conducive to ‘unspecialised, imprecise’ pollination by insects (Newstrom &
Robertson, 2005). Studies on the foraging habits of native moths and butterflies suggest that most
species are capable of pollinating a wide variety of both exoticand native plants, and have no
preferences otherthan high availability atany one site (Gillespie, 2010). Native plants that benefit
fromthe visits of New Zealand’s moths and butterflies include species of Muehlenbeckia, Hebe

(Gillespie, 2010), Pittosporum and Dracophullum (Newstrom & Robertson, 2005).

The contribution of moths and butterflies to the food chains of the habitats they occupyisalsoan
importantcomponent of theirrole in ecosystems. Moths in particular make up a substantial portion
of the diet of flying predators such as bats (Black, 1972) and birds. The passerine bird species of
Europe rely on the availability of Geometrid larvae for survival and reproduction at many times of the
year(Thomas et al., 2007). Recentdeclines of some bird speciesin Britainisthoughtto be partially
due to the loss of available moth larval food sources for British birds (Groenendijk & Ellis, 2011). In
New Zealand, known native predators of moths include species of forest skinks and geckos
(Department of Conservation, 1999) and the lessershort-tailed bat (Department of Conservation,

2005; McCartney, Stringer & Potter, 2007), all of which are organisms of high conservation concern.

Larvae also contribute to the list of ecosystem services Lepidoptera provide. New Zealand has a high

number of detritivorous larvae and many of these help to break down leaf litter and recycl e nutrients



(Hodgson etal., 2014). Classical biological control provides numerous examples of the effectiveness of
Lepidoptera herbivory for suppressing weed populations. The larvae of the Hawkmoth, Agrius
convolvuli, feed on Convolvulaceae (Newstrom & Robertson, 2005), which can be a difficult weed in
many gardens. However, climate warming is predicted to shift the impacts that insect herbivory has
on vegetation (Groenendijk & Ellis, 2011), and land use change can result in homogenisation of
Lepidopteracommunities due to a lack of larval host plants (Ekroos etal., 2010), all of which threaten

biodiversity nationally and globally.

1.1.2 Biodiversity value

Aside fromthe ecological importance of Lepidopterafor New Zealand in general, the unique
assemblage of Lepidopterain New Zealand is globally significant (Patrick, 2004). New Zealand is host
to the highest proportion of endemic moths and butterfliesinthe world (Dugdale, 1988) and many of
these species also show high regional endemism (Patrick, 1994). Further, the New Zealand
assemblage of Lepidopterais remarkably butterfly depauperate, with only 20 native species of
butterfly comparedto over 1800 native moths; a characteristicthat sparked interestin
biogeographical research (Dugdale, 1988). However, these few native butterfly species are highly
diverse; the extreme example, the New Zealand copper butterflies from the genus Lycaena, contains
a diversity thatis unparalleled anywhere else (Patrick & Patrick, 2012). In keeping with the
characteristics of other New Zealand native animals, the number of Lepidopteraspecies with
flightless females is higherthan most countries, though not particularly pronounced (Stringeretal.,
2012). Finally, New Zealand’s natural moth assemblage contains an unusually high proportion of

brightly coloured, day-flying species (Dugdale, 1988).

1.2 Overseastrends

Evidence forunprecedented rates of decline inthe world’s pollinatorinvertebratesisincreasingly
beingbroughttolight by overseas studies oninvertebrate groups. Countries recording declines
include Spain (Stefanescu, Torre, Jubany & Paramo, 2011), Finland (Ekroos, Heli6la & Kuussaari,
2010; Hunteret al., 2014; Kozlovetal., 2010), the Netherlands (Groenendijk & Ellis, 2011), Great
Britain (Conrad, Warren, Fox, Parsons & Woiwood, 2006; Dennis & Sparks, 2007; Fox et al., 2014;
Wilson & Maclean, 2011) Japan (Nakamura, 2011; Sibatani, 1992) and Australia (Williams, 2011).

Studiesreveal impacts on butterflies and moths alike.

Lepidopteraappeartobe undergoingthe fastest rates of declinein Britain, with half of Britain’s
butterfly species threatened or extinct (Warren & Bourn, 2011), and a rate of loss from original

habitat of 13% per 10 km? (Dover, Warren & Shreeve, 2011). Declines of species have been across-



the-board: rare species are becomingrarer, but even common and once widespread species are
diminishingin number (Conrad, Woiwod, Parsons, Fox & Warren, 2004). The common blue butterfly
Polyommatus icarus declined in Wales by 75% over the last 100 years (Léon-Cortés, Cowley &
Thomas, 1999) while one of the most widespread butterflies in Britain, the common copper Lycaena
phlaeas, is estimated to have undergoneatleast a 46% decline in abundance overthe same time
period (Léon-Cortés, Cowley & Thomas, 2000). Five years aftera sudden decrease inabundance,
Artica caja, a common garden moth in Britain, could only be found in 70% of the sitesitonce

occupied (Conrad etal., 2002).

The magnitude of change being documented in British Lepidopterais corroborated by studies of
mothsin the Netherlands, and grassland butterflies in Japan, with declines of 37% since the 1980s
and 80% in 40 years respectively (Groenendijk & Ellis, 2007, Nakamura, 2011). There are some
exceptions: forexample, Salamaetal. (2007) recorded an increase in the abundance of four common
mothsin agricultural pasture in Scotland overa 35 year period, whilea study of 80 subantartic moth
speciesin Finland found thatonly 6species were decliningin number (Hunteretal., 2014).
Nevertheless, the dominanttrendis one of wide-spread loss, initiating concern that the globe is

undergoinganinsectbiodiversity ‘crisis’ (Conrad et al., 2006).

1.3 Causes of decline

Ongoingdeclinesin global Lepidoptera are understood to be the result of multipledrivers of
environmental change. Habitat loss, degradation and fragmentation, agriculturaland woodland
management, chemical pollution, urbanisation, light pollution and climate change all have the
potential to alter moth populations (reviewed by Fox, 2013); most of these also apply to butterflies.
These environmental drivers can be divided into two categories: land use change and climate change.
As both types of change are eitherdirectly orindirectly anthropogenicin origin, ongoing biodiversity

lossis ultimately due to human activity.

1.3.1 Land use change

Agriculture

Intensification of agriculture is largely recognised as the main driver of biodiversity declines
worldwide (Ekroos et al., 2010). In the conversion of natural habitat to managed pasture, direct loss
of habitat, and fragmentation of remaining habitats (Ockinger, Dannestam & Smith, 2009), has a
detrimental effect on species that require certain plants to complete theirlifecycle. Grassland moth

species, forexample, are naturally more abundantin agricultural margins than woodland species



(Field etal., 2005, 2007). However, habitat quality is an often forgotten consideration of Lepidoptera
health over habitat quantity (Field et al., 2006; Williams, 2011). For habitats to supportan abundance
of Lepidoptera, aminimum viableareafor population persistence is needed (Williams, 2011), while
for habitats to supporta diversity of Lepidoptera, host plant requirements for larvae and sufficient
nectar sources foradults are alsorequired (Pywell etal., 2011). A lack of quality remnant habitats

afteragricultural expansion may be perpetuating patterns of decline.

In Finland, butterfly biodiversity lossis linked to proce sses of homogenisation which stem from the
landscape structure of intense agricultural pastures (Ekroos etal., 2010). Because agricultural
managementrelies heavily on mono-cultures, only somebutterfly species are capable of exploiting
the remaining habitat. Further, decline of the common blue butterfly Polyommatus Icarus in Wales
was linked to the decline of its host plant, Lotus corniculatus (Leon-Cortes et al., 1999), while host
plantdensity was foundto be an important predictor of site occupancy and abundance in Australian
butterflies and day-flying moths (Williams, 2011). Thus, a loss of critical host species from agricultural
sitesreduces Lepidoptera populations, with specialist species often more adversely affected due to

greater host plant constraints.

Agricultural practices are also a potential cause of declinein Lepidoptera. Use of agro-chemicals has
beenimplicated in colony collapsedisorder of bee pollinators but the effects of chemicals on
butterfly and moth pollinators are unknown (Fox, 2013). However, eutrophication resulting from
fertiliser use may act as an environmental filterin remnant habitats by promoting fast growing, high-
nitrogen plantspecies. In England, high butterfly diversity was associated with slow-growing, nutrient
poor plants (Hodgson etal., 2014). Soil nitrogen may therefore ultimately shape the composition of

Lepidopterandiversity in areas around agricultural land.

Urbanisation

The increase of urbanisation in the western world may also be responsibleforthe ongoing decline in
Lepidopteraabundance and diversity. The abundance of Lepidoptera species generally declines
greatlyinurban areas (Blair & Launer, 1997) and urban areas are often depauperate, fragmented or
lacking critical host plants and habitat for native moths and butterflies. Further, nocturnal moth
assemblages may be altered by light pollution (Fox, 2013) which increases with increasing
urbanisation. A higher diversity of moths can be found at lights emitting shorter wavelengths and
mothsthat are attracted to lights may experience greater predation (van Langevelde, Ettema,
Donners, WallisDeVries & Groenendijk, 2011) so artificial lighting may also shape the composition of

moth diversity in areas around human settlement.



1.3.2 Climate change

Climate change is increasingly being factored into studies on changes to Lepidoptera distributions
(Wilson & Maclean, 2011) and many studies favourthe interaction of climate effects with the effects
of land use as an explanation for declining Lepidoptera biodiversity (e.g. Warren et al., 2001). Insects
depend on temperature for the timing of larvae development and all species function within a
temperature tolerance range. Climate warming may be increasing competitionor predationdue to the
range expansion of other species, ordisrupting the synchronisation of moth and butterfly phenology
with host plants (Stefanescu, Penuelas & Filella, 2003), heightening larvae mortality and altering
population dynamics. Further, extreme weather events may also increase mortality rates of adult
moths and butterflies. Warm, dry summers tend to coincide withgreaterabundance of most butterfly
species (Conradetal., 2002; Pollard, Moss & Yates, 1995), while moths that overwinterin the eggstage
tend to show greater average declines than those that overwinter as adults (Conrad et al., 2004;
Groenendijk & Ellis, 2011). Periods of unseasonably heavy rainfall also correspond to decreases in the
abundance of common moth species such as A. agjax (Conrad et al., 2002). Under current climate

predictions, Lepidoptera species decline is expected to continue.

1.4 Assessing the state of New Zealand Lepidoptera

Are the widertemporal trends of New Zealand Lepidoptera also one of decline? The scale at which
changesin Lepidopteraabundance and distributions have been documented in populated,
temperate countries around the world gives good reason to suppose that similardeclines may be
occurringin New Zealand (Gillespie, 2010). Since European colonisation, the New Zealand landscape
has beendrastically altered; lowland areas in the South Island are particularly modified. Ninety
percentof indigenous cover has been lost below 400 m on the eastern South Island since European
settlementand upto 75% of the Canterbury region, forexample, consists of exoticforest,
agricultural land orurban areas (Environment Canterbury, 2008). Further, there is evidence that the
New Zealand climate is also shiftinginresponsetorising global temperatures. Average national
temperatures have increased by approximately 0.9°Csince 1990 and significantimpacts are expected
inas little as 6 years’ time (New Zealand Climate Change Centre, 2014). Native ecosystems have been
identified as one of New Zealand’s most vulnerable sectors with alpineareas particularly atrisk,
increasing the probability of species extinction (New Zealand Climate Change Centre, 2007). While in
Europe, declines of certain butterfly species in some countries have been offset by increasesin other
parts of Europe (Groenendijk & Ellis, 2011), thisis unlikely to be the case for endemicinvertebrate

pollinators of anisolated island country such as New Zealand.



1.4.1 Conservation status

The large majority of New Zealand endemic Lepidoptera are threatened based on an evaluation of
specieslife history traits, spatial extent and habitat preference (McGuinness, 2001). One hundred
and fourteen species are documented as ‘at risk’ of extinction (Patrick, 2004), and over half of all
threatened taxaare confined to the eastern South Island of New Zealand (Stringeretal., 2012). The
majority of concern lies with species from the taxonomically larger macro-moth families, such as the
nationally vulnerable Kupea electilis, the nationally endangered Maoricrambus oncobolus and the
nationally critical Orocrambus fugitivellus (Landcare Research, 2014). Threatened taxaalso spana
variety of habitats, with 16 threatened species known from shrublands, 13 species from dynamic

coastal margins and 13 from a range of non-forest habitats (Stringeretal., 2012).

The number of threatened Lepidoptera species have increased in recent years (Patrick, 2004).
However, changesto conservation status do not give an accurate indication of temporal trends for
certain species (Lewis & Senior, 2011), as most changesto conservation status are due to an increase
inunderstanding of the conservation requirements of aspecies overthe intervening period between
conservation assessments (McGuinness, 2001); many species are still datadeficient orimperfectly
understood (Stringeretal., 2012). Anecdotal evidence of temporal declines in Lepidopteranumbers
have been obtained (B. Patrick, personal communication, 2014) and there are grounds to believe
that declines or even extinctions may have occurred inisolated cases; such as the once-common
geometrid Asaphodes obarata, which has only been collected twice inthe last 50 years (Stringer et
al., 2012). However, as of yet, there has been no exploration of the wider temporal trend of New

Zealand’s moths and butterflies.

1.5 Long-term monitoring

1.5.1 The importance of temporal datasets

Such considerations build astrong case for the need to explore the abundance and diversity of moths
and butterfliesin New Zealand overatemporal scale matching those of overseas studies.
Determiningif New Zealand Lepidoptera are undergoing similar changesin species abundance and
richness as those of other countriesisanimportant first step forboth the conservation of New
Zealand biodiversity and for achieving environmentally sustainable management of New Zealand’s
lowlands. Studies on the Lepidopteraorder of New Zealand itself is not especially lacking, but the
focus has mostly been onidentifying species (Patrick, 1990; Patrick, 1994) and documentingtheir
distributions (e.g. Dugdale, 1989; Emerson etal., 1997; Lyford, 1994). While both are important



precursors to understanding change, monitoring overasubstantial number of yearsis also needed.
Temporal studies are able to resolve year-to-yearvariability in insect populations (Groenendijk &
Ellis, 2011; Kozlov etal., 2010), and ecological time lags and climaticeffects from the last few years
meansthat in some cases, changes are only recently becoming apparent (Bedford, Whittaker & Kerr,

2012).

1.5.2 Current initiatives

Great Britain has had long-term monitoring projectsin place for Lepidopterasince the 1970s. The
Rothhamstead Light Trapping Scheme isin practice across the UK and gathers data on the species
richness of nocturnal moth species (Salamaetal., 2007). These studies contributeto recordsin the
National Moth database (Fox et al., 2014). The Butterfly Monitoring Schemeis asimilarinitiative
responsible fortracking the other Lepidopteratypes. Inthe Netherlands, the Dutch Butterfly
Conservation and the Working Group Lepidoptera Faunistics has assembled ‘Noctua’, a database
containing Lepidoptera observations since the 1800s (Groenendijk & Ellis, 2011). Of note is the
contribution made by enthusiasts and amateurs to the compilation of wide -spread, long-term data
(Groenendijk & Ellis, 2011). Citizens taking partin ‘MothCount’, a project underthe UK’s National
Moth Recording Scheme, have recorded overeight million observations (Foxetal., 2011). Moreover,
initiatives such as the Countryside Stewardship Scheme (CSS) (Field, Gardiner, Mason & Hill, 2006)
and the Agri-environment Scheme (AES) regularly review gathered data on butterfly species richness
inmanaged areas in response to already perceived declines in moth and butterfly abundance ( Dover

et al., 2011; Field, Gardiner, Mason & Hill, 2005, 2007).

Despite the unique scientificand conservation value of the Lepidopterain New Zealand, long-term
monitoring of this magnitude in New Zealand is sorely lacking (Gillespie, 2010). It has only been
comparatively recently, with the development of NatureWatchNZin 2012, and its NZ Bio-Recording
precursorin 2005, that wide-spread records have been publicly availableand open to ongoingcitizen
contribution (http://naturewatch.org.nz/). Most of the extensive studies on Lepidopterain New
Zealand are restricted to the work of a selectfew experts, notably John Dugdale (e.g Dugdale, 1988,
1989), Graeme White (e.g. White, 2004) and Brian Patrick (e.g. Patrick, 2004). In particular, Graeme
White’s work on New Zealand Lepidoptera culminated in the creation of the Tussock Grassland Moth
database in 2004. Spanningfrom 1961 to 2000, the database is an amalgamation of light trapping
records from 43 sites around Canterbury. To date, thisis the most comprehensive database on New
Zealand Lepidoptera. Beinginternet-based makes it widely availablefor otherresearchers (White,
2004). Nevertheless, spatially this data covers only atiny portion of New Zealand and it still leaves

butterflies and other New Zealand moth taxa unexplored.



1.5.3 Brian Patrick’s Lepidoptera records

Brian Patrick, one of New Zealand’s leading Lepidopterists, has collected data on Lepidopteraspecies
numbers from over 3,500 tripsto various locations around New Zealand overthe last 44 years,
keepingrecord of his observations through a combination of field notebooks and, more recently,
typed documents. Asone of the few individuals in New Zealand undertaking observationsin this
field, and asthe only dataset of its kind that comes close to the spatial, temporal and taxonomic
scales of overseas studies, these notebooks are a valuable repository of Lepidoptera knowledge. The
exploration of such adataset presentsa unique opportunity to contribute to the science of New
Zealand’s moths and butterflies. Until now, no analysis has been attempted with Brian’s dataset. This
ismostly due to its publicunavailability and the practicality of extracting datafrom handwritten

notes.



Chapter 2

Aims & Objectives

2.1 Aims

Buildinga modern database containingall of Brian Patrick’s Lepidoptera promises to provide much -
neededinsightintothe state of New Zealand’s moth and butterfly fauna. The necessity of getting this
data to the pointwhere itis available for statistical analysisis urgent. The datarequired extensive

reworkingintoan electronicformat and statistical exploration to extract meaningful information.

The foremost aim of this project was to extract the Lepidopteradata containedin 44 years’ worth of
field observations and collate itin aformat that is accessible to statistical analysis and conduciveto

the on-going addition of Lepidoptera observations. The long-term vision of such a database isaimed
at determiningif Lepidopteraare undergoing patterns of decline inthe South Island and represents

an endeavourtoaddto the global literature on Lepidopteran biodiversity trajectories.

2.2 Objectives

The short and long-term objectives were as follows:

e Build a database with sufficient structural complexity to contain all of Brian’sdatain a

platformamenable to analysis.
e Copyand digitise Brian Patrick’s observations and field notebooks into the database

e Beginanalysisof thisdatato testfor declinesand assess whetherthey are most pronounced

inmodified lowland landscapes.

With continuous additions to the database, this projectis and will continueto be a workin progress.
What follows is adocumentation of the processes leading towards the realisation of these aims and
objectives, a preliminary analysis of the data with what has been achieved thus far, and an appraisal

of the future of Lepidopterastudiesin New Zealand.



Chapter 3
Materials & Methods

3.1 Brian’s Collection Methods

3.1.1 Day trips

Lepidopteraobservations were primarily made during the day. These observations werethe result of
both deliberate collecting excursions and chance observations during daily life. Forany deliberate
excursion, sweep-netting was used to obtain Lepidoptera counts. Searching vegetation and rocks by
hand were also used to obtain counts of moth pupae and larvae, and otherinvertebrates seen during
trips were also documented when appropriate. Site variables such as weatherand duration of

searching were usually recorded and co-ordinates were provided for some of the digitised later sites.

3.1.2 Light Trapping

Lighttrapping was carried out at night using 8W, 12V self-ballasted mercury vapour lamps (B. Patrick,
personal communication, April 2014), though incidental observations of moths were made inrare

cases by means otherthan lighttrapping, such as by car headlights.

3.2 Format of original data

Lepidopteraobservations of trips from November 1977 to September 2004 were held in six
notebooks containing handwritten field entries. All pages of these books were photographed and
savedin portable document format (PDF) for ongoing consultation during the data-basing process
(Figure 3.1). Photographing Brian’s field notebooks also provides a valuabl e backup of animportant

and otherwise irreplaceable historical record.

Trips from 2004 to 2012 were held in Microsoft Office Word® documents ( Figure 3.2). These were

converted by hand into digital spreadsheets by Morgan Jones, an external collaborator.
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Figure 3.1 A trip entry from 1990 taken from a page of Brian Patrick’s field notebooks

8 April 2006 Merton Arm, Waikouaiti Estuary, Karitane DN
wath Haruna — sunny to 20 degrees

Vanessa ifea  Liothula omnivora cases Helastia corcularia  Orocrambus vulgans Merophvas paraloxa
Pieris rapac Asaphodes abrogata sxclopicus Cydia succedana

Tiger beetle spp.  blug damselfly

Figure 3.2 A trip entry from 2004 taken from Brian Patrick’s field documents.

3.3 Database Building

3.3.1 File Maker Pro Advanced

The File Maker platform, developed by FileMaker Inc., is an information managing solution whichiis
used forstreamlining, analysing and sharing a wide range of management functions (FileMakerInc.,
2014). The database building software File Maker Pro Advanced 13.0v3 Windows version 6.1 was
usedto hold and structure the Brian Patrick Lepidoptera Database. The following contains a brief
overview of the Brian Patrick Lepidoptera Database and rationale of the information and structure

contained therein.

3.3.2 Data Entry

All parts of Brian’s original data were preserved in separate layersand all recordsin all tableswere
assigned aunique IDso that no data was duplicated and all original elements of the data were
preserved (see Figure 3.3). Spreadsheet data manually created from Brian’s Word documents from

2004-2014 were imported directlyinto the database, while trip details from notebooks were entered
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into the database manually. Handwritten data entry and manual fixes to the database informationiis

still ongoing. Digital dataalso continuesto be received from Brian.
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Figure 3.3 Relationships from Brian Patrick’s Lepidoptera Database. Note that some tables and
fields are temporary inserts necessary for data processing.

Trips and trip sites

Trips were Brian’s original reference by which observations were ordered. Linked to trips at one

conceptual end of the database was the original source file of Brian’s observations forthat trip (a

PDF scan of a notebook oran original Word document) and arecord of the pages on which each trip

could be found. Onthe otherside of trips were trip sites, anintermediate table which allows the

linking of multiple sites with multiple trips. Variables such as time of day, weather notesand start

and end dates were all important contributions to an assessment of which species might be

encountered. Thesewere recorded intrip sites, since these were not a fixed feature of each site, but

couldvary at each site forany one trip. Similarly, multiple collection methods could be used atany

one site onany one trip, so these were also allocated to aseparate table accessible through an

intermediate ID.
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Sites

Siteswere used as the primary spatial reference by which observations were ordered. Sites were
assumedto be the same location each yearunless stated otherwise and a 10 km error insite location
was assumed unless additional notes, such as elevations, or more precise descriptions written by
Brian, indicated otherwise. This was a reasonable assumption for the most part, as Brian does try to
visitthe same siteswhenin the area where possible (B. Patrick, pers. comm. 2014). With few
exceptions, Brian described each site he visited by name, including aformal site name froma
standard New Zealand map. As most trip names included the names of the sites visited on that trip,
site names forthe database were extracted fromthe names of each of Brian’s documented trips
using the statistical analysis program R (R Development Core Team 2014). Extracted site nameswere
assigned the Crosby code region abbreviation from Brian’s trip names in orderto match to the names
inthe formal New Zealand place names databases. Site names forall sites from 1977 to 2012 were
then manually edited in Microsoft Excel. Manual editing primarily fixed sites missing Crosby codes,
separated trips missed by the R code and altered names of sites orregion abbreviations that
contained obvious spelling mistakes. Brian’s Crosby code abbreviations were then linked to an official

list of New Zealand Regions.

Brian’s site names only very infrequently included map coordinates. Providing coordinates forall
sitesvisited on Brian’s more than 3,500 trips was a time consuming challenge. Edited site namesand
Crosby codes were matched to the place namesavailable forthe New Zealand Map Series NZMS 260
and The New Zealand Gazetteer of Official Geographic Namesin multiple passes of regular
expressions datawranglingin R. Matched site names ultimately allowed co-ordinates to be brought
intothe database. Both mappingservices were used to give co-ordinatesforsites, as each service
gave slightly different co-ordinates due to differencesin the way in which each map service allocated
their co-ordinates. Site names that did not match with either map service’s site names were re-run
with code that allowed for fuzzy matching, and a best match index was designed and assigned to
each site. All fuzzy-matched site names and co-ordinates wereimported into the database for
manual editing. This process was aided by incorporating a portal linkinto the database to

OpenStreetMap, an online open source mapping database (http://www.openstreetmap.org.nz/).

Manual editing of co-ordinates was undertaken for cases when site co-ordinates had several official
co-ordinates, orwhensites spanned more than one region. These sites were commonly roads, rivers,
and ranges. A best guess was assigned to such cases and flagged for checking with Brian. Sites were
also plottedin Google Earth with the aid of the online interactive NZ Topo Maps website
(http://www.topomap.co.nz/#) and DOC Maps (http://maps.doc.govt.nz/mapviewer/index.html?
viewer=dto), which provided co-ordinates for un-matched names. Certain geographical identifiers

that were includedin Brian’s site name but were not part of the official list of New Zealand localities,
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such as saddles and spurs, were able to be estimated more precisely by manual plotting in Google
Earth. Google Earth plots allowed a preliminary assessment of the spatial extent of Brian’s
observations and replicated sites that might merit statistical exploration ( Figure 3.4). A combination
of QGIS and R with the packages maptools and foreign were used to process KML files for

importationintothe database.

Observations

The species names of all observations from all digitised trips were matched in Rto the New Zealand
Organisms Register (NZOR). Not all species matched, due to synonym usage and spelling mistakes,
and forthe hand-written notebooks, species were often hard to read. These required manual
cleaning, which was undertaken using fuzzy match searching onthe NZOR website
(http://demo.nzor.org.nz/search), trial and error searchingin Google, and conferring with Brian. All
encountered synonyms and spelling mistakes have been retained in the database both forfuture

reference and so that changes made to Brian’s original data have been documented in case of

translation errors.
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Figure 3.4 Spatial distribution of study sites by decade. A = 1977-1979, B = 1980-1989, C = 1990-
1999, D = 2000-2009.

3.4 Data Analysis

Analysiswas undertakenin Ron species richness of completed database sites from 2004 to 2014
using the packages RIDBC, sp.raster, shapefiles, grid and RGDAL. Sites chosen foranalysis were the
sites that contained greaterthan ten species of moth, on the assumption that these sites had
completed dataentry and that thisindicated acomplete list of moths encountered. The 273 sites

that matched this prerequisite showed distributions across both North and South islands (Figure 3.5).
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The speciesrichness of endemic, non-endemicnative, and naturalised exotic species were calculated

for eachssite, based on the biostatus recorded in NZOR.

Land cover categoriesforsites were extracted from New Zealand’s Land Cover Database v3.0
(LCDB3) in orderto analyse species numbers by land use. Land classification resolution was
convertedtoa 1 km x 1 km raster; the most dominantland cover category from the LCDB3 polygons
withineach 1 km x 1 km grid was taken as the land classification forthe whole grid. Sites were then
assigned aland cover category based onthe 1 km x 1 km square it occurredin. This gave a measure
of the dominantland use surrounding eachsite. This gave 37 different types of land coveracross the
study sites which were simplified to 14 classifications forthe purposes of analysis ( Table 3.1). Co-
ordinates of study sites from the database, initially in WGS84 Latitude Longitude, weretransformed
to the New Zealand Transverse Mercator (NZTM) co-ordinate system for comparison with LCDB3.
QGIS was used to convertthe LCDB3 vector layerto a raster and site-matching to the raster was

completedin Rwith the packages RGDAL and raster.

Elevations were also obtained forsites from site co-ordinates using a digital elevation model
provided by the LRIS system of Landcare Research, which gave 25 m x 25 m resolution overall of
New Zealand. The elevation of each site was extracted from this rasterlayer usingthe same method
as LCDB3. Elevationswere used to analyse the relationship between species numberand altitude.
These elevations werescreened so that Brian’s elevations were used when Brian had provided asite

elevation; GIS-extracted elevations were used forall othersites.

Dates were extracted from the database in orderto analyse species richness by seasonality. These
dates were transformed using the cosine of the day of the yearin orderto provide aseasonindex
adjusted for the effect of modelling summer seasonality as occurring at either end of the yearly

spectrum. Mid-summerbecame 1and mid-winter-1; all other days of the year fell between these

two extremes.

3.4.1 Statistical modelling

Three generalised linear models were fitted for three species categories: endemic, exotic, and non-
endemicnative. A Poisson distribution was used for counts of species and all landscape variables
hypothesised to be important (season, year, elevation, latitude, and land use) were modelled. A
guadraticterm was included for elevation to allow for a curved relationship with species richness.
Interactions were included between yearand elevation, and between yearand land use. Fitted lines
on the graphs gave model predications forthe year 2005, the mean latitude (NZTM northing), mid-

summer, mean elevation, and the land use of low production grassland (the most common land use
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inthe dataset). Dropltableswere also generated to confirm the significance of each variable in

explaining the distributional data.

Table 3.1. Number of sites with >10 species by land use classification. Original Land cover

categories extracted from LCDB3 are listed next to the simplified land classifications

used in analysis.

LCDB3 land cover category

Simplified land use classification Number
of Sites

Alpine Grass/Herbfield
Permanent Snow and Ice
Sub Alpine Shrubland

Alpine vegetation 3

Coastal Sand and Gravel
Estuarine Open Water
Herbaceous SalineVegetation
Mangrove

Coastal vegetation 3

Gorse and/or Broom
Herbaceous Saline
Mixed Exotic Shrubland
Vegetation

Exoticdominated shrubland 9

Deciduous Hardwoods
Exotic Forest
Forest — Harvested

Exoticforest 5

Herbaceous Freshwater Vegetation
Lake and Pond
River

Freshwater Wetland 0

Grassland
High Producing Exotic

High producing exoticgrassland 19

Orchard Vineyard & Other Perennial
Crops
Short-rotation Cropland

Horticulture 1

Depleted Grassland
Low Producing Grassland

Low producing exoticgrassland 24

Fernland

Flaxland

Manuka and/or Kanuka
Matagouri or Grey Scrub

Native dominated shrubland 5
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Broadleaved Indigenous Hardwoods Native forest 9
Indigenous Forest

Tall Tussock Grassland Native tussockland 14
TransportInfrastructure Rock and landslides 4
Surface Mines and Dumps

Roads and mines

Landslide

Built-up Area (settlement) Urban builtup 2

Urban Parkland/Open Space
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Figure 3.5 Distribution of sites used in analysis
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4.1 Database Summary

One thousand, five hundred and fifty-seven study sites were nested within 3430 trips from around

New Zealand, the majority of which are concentrated in the South Island regions of Canterbury,

Chapter 4

Results

Otago and Southland (Table 4.1). The database currently holds records for 1649 moth and butterfly

species, and atotal minimum of 15,056 individual observations. Ten years’ worth of datawas

available foranalysis, summaries of which can be foundin Table 4.2 and Table 4.3.

Table 4.1 Number of sites surveyed in each region by decade

Region

Auckland

Bay of Plenty
Buller

Central Otago
Coromandel
Dunedin
Fiordland
Hawkes Bay
Kaikoura
Mackenzie
Marlborough
Marlborough Sounds
Mid Canterbury
Nelson

North Canterbury
Northland

Otago Lakes
Rangiteki

South Canterbury
Southland
StewartIsland
Taranaki

Taupo

Waikato
Wairarapa
Wanganui
Wellington
Westland

1970s
0
0
2
48
0

N
Ul O 00 O NO OLLOOUTTLoO O P+ o

(o]
w

O O OO0 oo W

1980s

272

425

287
15

O wooo ko

1990s

15

463

699

109

22
141

12
13

10
37

2000s

31
8
30
434
10
264
37
14
1
58
19
5
44
13
9
20
82
1
33
59
3

3

8
18
4

0
14
22

2010s

31
8
40
517
10
270
48
43
3
67
20
5
133
20
22
23
89
2
40
83
3

3
28
18
4

0
18
23
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Table 4.2. Distribution of total sites and species available for analysis by land use

Land use

Alpine vegetation

Coastal vegetation
Exoticdominated shrubland
Exoticforest
Freshwaterwetland

High producing exotic
grassland

Horticulture

Low producing exotic
grassland

Native dominated shrubland
Native forest

Native tussockland

Rock and landslides

Urban builtup

Table 4.3 Distribution of total sites and species available for analysis by region

Region
Auckland
Buller
Central Otago
Dunedin
Fiordland
Hawkes Bay
Kaikoura
Mackenzie

Marlborough
Marlborough
Sounds

Mid Canterbury
Nelson

North Canterbury
Northland

Otago Lakes
Rangiteki

South Canterbury
Southland

Taupo
Wellington
Westland

Endemics Non-endemics

129
35
143
112
30

373
17

336
219
319
373
188

83

3

A b O WU

20

22

14
16

Exotics Allspecies

Non-
Endemics endemics Exotics

4 1 4
93 1 2
486 26 34
195 13 17
136 0 0
247 15 32
19 3 7
175 8 10
131 2 8
10 1 4
310 21 35
17 2 2
137 4 4
11 1 18
283 14 11
92 5 4
11 2 1
156 8 4
172 7 6
30 3 6
30 0 0

2
3
20
18
7

34
14

23
13
11
7
5
9

All

species

12
104
623
247
138
298

32
205
152

16
428
22
154
30
313
101
15
176
188
42
31

142
52
188
142
43

460
35

408
253
365
430
216
102

Site
visits

Site visits

173

22

13

11
12

8
5
18
11
9

60
3

97
10
21
35
10
17
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4.2 Modelling Outputs

For the endemicmoths species model, latitude was one significant response variable of the model
(Table 4.4, Table 4.8). The species richness of exoticand non-endemic moths was not significantly
correlated with site variables (Table 4.6). Drop1 tables suggested that the model interactions were
not co-dependent as no differences were found between initialand dropped models ( Table 4.5,

Table 4.7, Table 4.9).

Endemicspeciesrichness wasfoundto be greatest at mid altitudesand showed declines at altitudes
below 500 m and above 1000 m (Figure 4.1A). Speciesrichness also trended towards higherrichness
towards lower (more northern) latitudes (Figure 4.1B) and increasing richness from winter to
summer (Figure 4.1C). Further, the number of endemic moth species persite increased over time at
higheraltitudesthough of the lowland altitudes, slightincreases overtime were seen atsealevel
(Figure 4.2). Endemicspeciesrichnessincreased overtime forthree out of four non-modified land
use sites, while all urban and agricultural sites showed declines in species richness over time (Figure

4.3).
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Figure 4.1 Site species richness of endemic moths by a) altitude, b) latitude and c) seasonality.
Lines are the model predictions for the year of 2005 and the land use low production

grassland.
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Figure 4.3 Endemic moth species richness and land use over time. Fitted lines are the model
predictions at the mean elevation, mean latitude and mid-summer.
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Table 4.4 Model output of endemic moth species richness by landscape variables

(Intercept)

Seasons

northing

Year

simple_land_useCoastal vegetation
simple_land_useExoticdominated shrubland
simple_land_useExoticforest
simple_land_useHigh producing exoticgrassland
simple_land_useHorticulture
simple_land_uselow producing exoticgrassland
simple_land_useNative dominated shrubland
simple_land_useNativeforest
simple_land_useNative tussockland
simple_land_useRock and landslides
simple_land_useUrban builtup

Altitude_all

I((Altitude_all)”2)

Year:simple_land_useCoastal vegetation

Year:simple_land_useExoticdominated
shrubland
Year:simple_land_useExoticforest
Year:simple_land_useHigh producing exotic
grassland

Year:simple_land_uselLow producing exotic
grassland

Year:simple_land_useNative dominated
shrubland

Year:simple_land_useNative forest
Year:simple_land_useNative tussockland
Year:simple_land_useRock and landslides
Year:simple_land_useUrban built up
Year:Altitude_all

Year:I((Altitude_all)*2)

Estimate Std. Error

-101.27
0.5957

0

0.0507
-1192.39
1.052
-132.405
-136.763
-1.4126
17.6098
-411.183
-233.066
-71.1424
679.1101
-106.433
0.9903
-0.0008
0.5925

-0.0005
0.0659

0.0681

-0.0088

0.2048
0.1163
0.0356
-0.3384
0.0528
-0.0005
0

121.2124
0.0648

0

0.0603
740.4177
136.2045
139.8526
122.5045
0.3815
118.6624
145.3804
118.4886
112.4995
221.7245
311.9401
0.1209
0.0001
0.3681

0.0678
0.0696

0.061

0.0591

0.0723
0.059
0.056

0.1104

0.1551

0.0001

0

zvalue Pr(>|z])

-0.84
9.19
3.61
0.84

-1.61
0.01

-0.95

-1.12
-3.7
0.15

-2.83

-1.97

-0.63
3.06

-0.34
8.19

-9.36
1.61

-0.01
0.95

1.12

-0.15

2.83
1.97
0.64
-3.07
0.34
-8.19
9.36

0.4034
0
0.0003
0.4005
0.1073
0.9938
0.3438
0.2643
0.0002
0.882
0.0047
0.0492
0.5271
0.0022
0.733
0

0
0.1075

0.9937
0.3442

0.2642

0.882

0.0046
0.0486
0.5253
0.0022
0.7335

Table 4.5 Drop 1 table of model output of endemic moth species richness by landscape variables

Df Deviance AIC
&lt;none&gt; 877.46 1427.81
Seasons 1 971.08 1519.44
northing 889.9 1438.25
Year:simple_land_use 10 935.84 1466.19
Year:Altitude_all 1 945.89 1494.24
Year:I((Altitude_all)*2) 1 972.92 1521.27

LRT

93.63
12.45
58.38
68.43
95.46

Pr(>Chi)

0.0004
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Table 4.6 Model output of exotic moth species richness by landscape variables

(Intercept)

Seasons

northing

Year

simple_land_useCoastal vegetation
simple_land_useExoticdominated shrubland
simple_land_useExoticforest
simple_land_useHigh producing exoticgrassland
simple_land_useHorticulture
simple_land_uselLow producing exoticgrassland
simple_land_useNative dominated shrubland
simple_land_useNativeforest
simple_land_useNative tussockland
simple_land_useRock and landslides
simple_land_useUrban builtup

Altitude_all

I((Altitude_all)”2)
Year:simple_land_useExoticdominated
shrubland
Year:simple_land_useExoticforest
Year:simple_land_useHigh producing exotic
grassland

Year:simple_land_uselow producing exotic
grassland

Year:simple_land_useNative dominated
shrubland

Year:simple_land_useNative forest
Year:simple_land_useUrban builtup
Year:Altitude_all

Estimate  Std.Error

-1141.44
0.032

0

0.5639
-0.7832
1099.574
453.7242
1170.059
2.4376
1000.994
598.978
1155.686
2.178
-0.7913
613.7757
0.3914

0

-0.5462
-0.225

-0.5817

-0.4975

-0.2971
-0.5743
-0.3054
-0.0002

1654.607
0.224

0

0.8226
1.3881
1695.666
1704.598
1673.959
1.6779
1662.232
1771.483
1712.097
0.9031
2.403
2256.951
0.3483

0

0.843
0.8475

0.8322

0.8264

0.8808
0.8512
1.1222
0.0002

zvalue Pr(>|z])

-0.69
0.14
4.25
0.69

-0.56
0.65
0.27

0.7
1.45
0.6
0.34
0.68
241

-0.33
0.27
1.12
0.77

-0.65
-0.27

-0.7

-0.6

-0.34
-0.67
-0.27
-1.13

0.4903
0.8863
0
0.493
0.5726
0.5167
0.7901
0.4846
0.1463
0.547
0.7353
0.4997
0.0159
0.7419
0.7857
0.2612
0.4394

0.5171
0.7907

0.4846

0.5472

0.7359
0.4999
0.7855
0.2592

Table 4.7 Drop 1 table on model output of endemic moth species richness by landscape variables

Df Deviance AIC
&lt;none&gt; 31.65 235.75
Seasons 1 31.67 233.77
northing 1 51.07 253.17
I((Altitude_all)A2) 1 32.23 23434
Year:simple_land_use 7 41.19 231.29
Year:Altitude_all 1 32.99 235.09

LRT

0.02
19.42
0.58
9.54
1.34

Pr(>Chi)

0.8861

0
0.4453
0.2161
0.2473
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Table 4.8 Model output of nonendemic moth species richness by landscape variables with

interactions terms

(Intercept)

Seasons

northing

Year

simple_land_useCoastalvegetation
simple_land_useExoticdominated shrubland
simple_land_useExoticforest
simple_land_useHigh producing exoticgrassland
simple_land_useHorticulture
simple_land_uselow producing exoticgrassland
simple_land_useNative dominated shrubland
simple_land_useNativeforest
simple_land_useNativetussockland
simple_land_useRock and landslides
simple_land_useUrban builtup

Altitude_all

I((Altitude_all)”2)

Year:simple_land_useCoastal vegetation

Year:simple_land_useExoticdominated
shrubland
Year:simple_land_useExoticforest
Year:simple_land_useHigh producing exotic
grassland

Year:simple_land_uselow producing exotic
grassland

Year:simple_land_useNative dominated
shrubland

Year:simple_land_useNative forest
Year:simple_land_useNative tussockland
Year:simple_land_useRock and landslides
Year:Altitude_all

Estimate Std. Error

52.1611
0.376

0

-0.031
-2062.29
108.8503
-746.087
-54.9162
-2.2693
-31.8955
-505.955
-394.346
-669.581
-175.731
-1.74
0.3786

0

1.0243

-0.0546
0.3698

0.0265

0.0152

0.2516
0.1961
0.3334
0.087
-0.0002

1452.139
0.4912

0

0.7215
2849.517
1471.138
1556.392
1445.939
1.5189
1462.294
1589.441
1562.281
1564.613
1907.741
1.2819
0.3873

0

1.4168

0.7318
0.7743

0.7193

0.7274

0.7907
0.7772
0.7783
0.9495
0.0002

zvalue Pr(>|z])

0.04
0.77
2.64
-0.04
-0.72
0.07
-0.48
-0.04
-1.49
-0.02
-0.32
-0.25
-0.43
-0.09
-1.36
0.98
0.65
0.72

-0.07
0.48

0.04

0.02

0.32
0.25
0.43
0.09
-0.98

0.9713

0.444
0.0083
0.9657
0.4692

0.941
0.6317
0.9697
0.1352
0.9826
0.7502
0.8007
0.6687
0.9266
0.1747
0.3283
0.5167
0.4697

0.9406
0.6329

0.9707

0.9833

0.7504
0.8008
0.6684

0.927
0.3254

Table 4.9 Drop 1 table for model output of nonendemic moth species richness by landscape

variables

Df Deviance AIC
&lt;none&gt; 19.91 224.32
Seasons 1 20.5 222.91
northing 1 26.92 229.33
I((Altitude_all)*2) 1 20.32 222.74
Year:simple_land_use 9 24.1 210.51
Year:Altitude_all 1 20.88 223.29

LRT

0.59
7.01
0.41
4.19
0.97

Pr(>Chi)

0.4441
0.0081
0.5214
0.8987
0.3253
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Chapter 5

Discussion

5.1 Preliminary Results

Analysis of trends on 10 years’ worth of species datais already showing remarkably similar trends to
those foundin overseasstudies. The increase in species over latitude and altitude both indicate that
temperature may be a driverin structuringthe communities of Lepidoptera at sites. Given that
landscape change tends to occur below 400 m, higher numbers of species at higherelevations also
provides evidencethat some lowland sites are no longerfavoured habitats formany New Zealand
Lepidoptera. The seasonalityeffect on species numbers also suggests a sensitivity to climate that
doesnotbode well forbiodiversity projections in the face of climate change. All of these trends were

consistent with expectations (Leingartner, Krauss & Steffan-Dewenter, 2014).

The declineinspecies atlow altitudesand the increase in endemicspecies at higher altitudes over
time provides evidence for species shifts from lowerto higherelevation. This may well be due to land
use change, as trends were different for modified lowland landscapes than for sites with natural
vegetation. Comparison of the differentland use types are worth noting. The decline of moth and
butterfly speciesin human modified landscapes overtime was expected and consistent with trends
inthe pervasive literature on this subject (Blair & Launer, 1997; Thomas & Abery, 1995). Of the broad
differentiation that was made between human-modified landscapes and natural landscapes, native
habitats all showed slightincreasesinthe number of endemicspecies present at sites overtime,
howevertussock grasslands showed declinesin endemicspecies overtime. This will certainly be
worth exploring furtherif the trend persists after the addition of earlier data. The Graeme White
Tussock Grassland Moths database and the database of this study could be pooledto confirm sucha
trend. Like overseas studies, New Zealand Lepidoptera show potential to be indicators of ecosystem

health (Brereton, Middlebrook, Botham & Warren, 2011).

5.2 Experimental design

Good science typicallycallsforarandomised sampling design (Anderson, 2001), and itis clearthat
Brian’s original collection methods do not conformto this. There is probably an over-representation
of sites thatare naturally abundantin Lepidoptera, and the sites that were visited most were
naturally dependent on where Brian was living at the time. The distribution of sites visited by Brian

expands of from the regional to the national overthree decades (Figure 3.4) as Brian’s professional
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careerincreasingly took him furtherafield, so notall sites have the same level of replication.
Howeverthere is some standardisation to be gained from all observations being undertaken by the
same person and often revisiting the same sites, an upside thatis not reflected in many overseas

studies (Groenendijk & Ellis, 2011).

The dependency of counts of species used in analysis on the correct speciesidentification may also
have impacted results. Accuracy of species identification by Brian might be expected toincrease over
time, so earlierresults may not be as reliable. However Brian regularly consults his field notebooks
and maintains an extensive collection of moths so that speciesidentifications can be clarified at later
dates (B. Patrick, pers. comm. 2014). There are still some species nomenclature issuesto resolve in
the database which may have altered species abundance counts, however, so more time spent

polishing the database is needed.

5.3 The future of biodiversity conservation

Criticism has been raised as to the ability of scientificstudies that are not hypothesis drivenand
experimental in nature to answer ecological questions (Lindenmayer & Likens, 2010). A concern for
‘passive’ and curiosity-driven monitoring studies is the difficulty of resolving drivers of change when
there are no treatments, and itis true that most of the literature on the drivers of decline are
correlational (Fox, 2013; Hardy, Sparks & Dennis, 2014). Howeverthe argument against curiosity -
drivenstudies does notappearto considerthe practical and social aspects of science, and the fact
that researchislargely limited by funding. Observations need to be made first before hypotheses can
be formed and experimental studies designed (Keeling, 1998), and often before research will be
funded. This dataset, forexample, was instrumentalin obtaining funding from the Brian Mason
Scientificand Technical Trust to complete digitation of the dataand make it publicly available. Thus,
‘Cinderella’ science, though unglamorous (Nisbit, 2007) is still a very necessary part of conservation
science. Further, a great deal of the long-term datasets usedin studies of Lepidoptera decline
overseas were due to the large concerted effort of volunteers and enthusiasts from overseas, and it
isthe massive scale of such studies that appears to make the temporal ecological modelling
worthwhile (Dennis & Sparks, 2007; Kozlov etal., 2010; Salamaet al., 2007). Therefore, unpaid
research has the potential to contribute agreatdeal to knowledge of Lepidopteraspecies. Indeed,
the work presented here would suggest that, with the lack of research on New Zealand pollinatorsin
general - experimental or otherwise - we cannot afford to ignore any ecological data that might help
us fill the gapin knowledge of temporal trends in Lepidopteraabundance and diversity. From this
perspective, community-driven research is key to the future of New Zealand biodiversity

conservation (Patrick, 2004).
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5.4 Nextsteps

Increasing the number of sites and observationsin the database is needed to strengthen the trends
documented here. Based on the close match of the preliminary results to overseas studies, itis
expected thatadditional observations willonly enhance the current results. As with spatial studies,
however, itisalways possible that temporal data missesimportant changesif terminated too early
(Keeling, 1998) or if gathered too infrequently; it was only due to occupancy modelling, forexample,
that the temporal declinesin declinesin A. caja were noticed afterineffective temporal studies
(Conradetal., 2002). Completing entry of Brian’s earliersitesis therefore important for capturing as
much temporal variation as possible (Van Streinetal., 1997). Avariety of assumptionsalsowentinto
databasingand analyses which will need adjusting and clarifying with Brian before the tests are truly

robust representations of widertrends.

Furtheranalyseswill also be worthwhile carryingoutin orderto bringthe knowledge of New Zealand
Lepidopteracloserto that of the global literature. Ordination of changesin species composition of
sites could be expected toshedlightonthe features of sites that are hosting different levels of
abundance and richness and which species are most sensitiveto ongoinglandscape and cli mate
changes. Similarly, from aspecies perspective, quantifying life-history traits which may indicate risk
of decline may aid conservationinitiatives (Blake, Woodcock, Westbury, Sutton & Potts, 2011). It
would also be interesting tofocus on changesin abundance of a few rare and a few common New
Zealand species: Lycaena and Zizina species would both be worthwhile, since species from this genus
are alsofoundin Britain where they have been well monitored (Léon-Cortés etal., 1999). Given
Britain so far has documented greatest declines, such acomparison may indicate where our country

standsin the high stakes of Lepidoptera biodiversity (New, 2004).

31



References

Anderson, D.R. (2001). The need to getthe basicsrightin wildlifefield studies. Wildlife Society
Bulletin, 29(4), 1294-1297.

Bedford, F. E., Whittaker, R.J., & Kerr, J. T. (2012). Systematicrange shiftlagsamonga pollinator
species assemblage following rapid climate change. Botany, 90, 587-597.

Black, H. L. (1972). Differential exploitation of moths by the bats Eptesicus fuscus and Lasiurus
cinereus. Journalof Mammology, 53(3), 598-601.

Blair, R. B., & Launer, A. E. (1997). Butterfly diversity and human land use: species assemblage along
an urban gradient. Biological conservation, 80, 113-125.

Blake, R.J., Woodcock, B. A, Westbury, D. B., Sutton, P., & Potts, S. G. (2011). New toolsto boost
butterfly quality in existing grass buffer strips. Journal of Insect Conservation, 15, 221-232.

Brereton, T., Roy, D. B., Middlebrook, |., Botham, M., & Warren, M. (2011). The development of
butterfly indicatorsin the United Kingdom and assessmentsin 2010. Journal of Insect
Conservation, 15, 139-151.

Conrad, K. F., Warren, M. S., Fox, R., Parsons, M. S., & Woiwood, |. P. (2006). Rapid declines of
common, widespread British moths provide evidence of aninsect biodiversity crisis. Biological
conservation, 132, 279-291.

Conrad, K. F., Woiwod, I. P, Parsons, M., Fox, R., & Warren, M. S. (2004). Long-term population
trendsinwidespread British moths. Journal of Insect Conservation, 8, 119-136.

Conrad, K. F., Woiwod, I. P., & Perry, J. N.(2002). Long-term decline in abundance and distribution of
the gardentiger moth (Artica caja) in Great Britain. Biological Conservation, 106, 329-337.

Dennis, R. L. H., & Sparks, T. H. (2007). Climate signals are reflected in an 89 year series of British
Lepidopterarecords. European Journal of Entomology, 104, 763-767.

Department of Conservation (1999). A guide to keeping New Zealand lizards in captivity. Available
from http://www.reptiles.org.nz/uploads/PDF/DOCGuidetokeepinglizards.pdf

Department of Conservation (2005). Pekapeka/Bats: native animals. Available from
http://www.doc.govt.nz/Documents/about-doc/concessions-and-permits/conservation-

revealed/pekapeka-bats-lowres.pdf

Dover, J.W., Warren, M. S., & Shreeve, T. G. (2011). 2010 and beyond for Lepidoptera. Journal of
insect conservation, 15, 1-3.

Dugdale, ). S.(1988). Lepidoptera—annotated catalogue, and keys to family-group taxa. Fauna of
New Zealand, 14, 264pp.

Dugdale, ). S.(1989). New Zealand Lepidoptera: Basic biogeography. New Zealand Journal of Zoology,
16(4), 679-687.

Ekroos, J., Heliola, J., & Kuussaari, M. (2010). Homogenization of Lepido pteran communitiesin
intensively cultivated agricultural landscapes. Journal of Applied Ecology, 47, 459-467.

32



Emerson, B. C., Wallis, G. P., & Patrick, B. H. (1997). Biogeographic arearelationshipsin southern
New Zealand: acladisticanalyis of Lepidopteran distributions.

Environment Canterbury (2008). Canterbury Regional Environment Report 2008. Available from
http://ecan.govt.nz/publications/Plans/Regional%20Environment%20Report%20
2008%20-%20Full%20Report.pdf

Field, R.G., Gardiner, T., Mason, C. F., & Hill, J. (2005). Agri-environment schemes and butterflies: the
utilisation of 6m grass margins. Biodiversity and Conservation, 14, 1969-1976.

Field, R.G., Gardiner, T., Mason, C.F., & Hill, J. (2006). Countryside Stewardship Schemeand
butterflies: astudy of plant and butterfly species richness. Biodiversity and Conservation, 15,
443-452,

Field, R. G., Gardiner, T., Mason, C.F., & Hill, J. (2007). Agri-environment schemes and butterflies: the
utilisation of two metre arable field margins. Biodiversity and Conservation, 16, 465-474.

FileMakerInc. (2014). FileMaker Training Series: Basics for FileMaker 13. Availablefrom
http://www.filemaker.com/nz/support/training/fts.html

Fox, R. (2013). The decline of mothsin Great Britain: a review of possible causes. Insect Conservation
and Diversity, 6, 5-9.

Fox, R., Oliver, T. H., Harrower, C., Parsons, M. S., Thomas, C. D., and Roy, D. B. (2014). Long-term
changesto the frequency of occurrence of British moths are consistent with opp osingand
synergistic effects of climate and land-use changes. Journal of Applied Ecology, 51, 949-957.

Fox, R.,Randle, Z., Hill, L., Anders, S., Wiffen, L. & Parsons, M. S. (2011). Moths count: recording
moths for conservationinthe UK. Journal of Insect Conservation, 15, 55-68.

Gillespie, M. (2010). The conservation of native New Zealand butterflies in the ecologically enhanced
farming landscape of Waipara, northern Canterbury. (Doctoral thesis, Lincoln University, 2010).
Retrieved from http://hdl.handle.net/10182/2521

Groenendijk, D., & Ellis, W. N. (2011). The state of the Dutch larger moth fauna. Journal of insect
conservation, 15, 95-101.

Hardy, P.B., Sparks, T. H., Dennis, R. L. H. (2014). The impact of climaticchange on butterfly
geography: does climaticchange produce coincident trends in populations, distributions and
ranges? Biodiversity conservation, 23, 855-876.

Hodgson, J. G., Tallowin, J., Dennis, R. L. H., Thompson, K., Poschlod, P., Dhanoa, M. S, ... Hynd, A.
(2014). Changingleaf nitrogen and canopy height quantify processes leadingto plantand
butterfly diversity loss in agricultural landscapes. Functional Ecology, 28, 1284-1291.

Hunter, M. D., Kozlov, M. V., Itdmies, J., Pulliainen, E., Back, J., Kyro, E., & Niemela, P. (2014). Current
temporal trendsin moth abundance are counterto predicted effects of climate change inan

assemblage of subarcticforest moths. Global Change Biology, 20, 1723-1737.

Keeling, C. D.(1998). Rewards and penalties of monitoring the Earth. AnnualReview of Energy and
the Environment, 23, 25-82.

33



Landcare Research (2014). Threatened species factsheets. Available from
http://www.landcareresearch.co.nz/resources/identification/animals/large-moths/threatened-
species-factsheets

McCartney, J., Stringer, |. A.N., & Potter, M. A. (2007). Feedingactivity in captive New Zealand lesser
short-tailed bats (Mystancina tuberculata). New Zealand Journal of Zoology, 34(3), 227-238.

McGuinness, C. A. (2001). The Conservation Requirements of New Zealand’s Nationally Threatened
Invertebrates. Threatened Species Occasional Publication No 2. Wellington, New Zealand:
Department of Conservation.

New Zealand Climate Change Centre (2014). IPCC Fifth Assessment Report, New Zealand Findings.
Available from http://www.nzclimatechangecentre.org/sites
/nzclimatechangecentre.org/files/images/research/NZCCC%20Summary_|IPCC%20AR5%20NZ%
20Findings_April%202014%20WEB.pdf

New Zealand Climate Change Centre (2007) IPCC Fourth Assessment Report Impacts: New Zealand
and the South Pacific. Retrieved from https://www.niwa.co.nz/sites
/niwa.co.nz/files/ipcc_report_03 0.pdf

Kozlov, M. V., Hunter, M. D., Koponen, S., Kouki, J., Niemel3, P. & Price, P. W. (2010). Diverse
population trajectories among coexisting species of subantarcticforest moths. Population
Ecology, 52, 295-305.

Leingartner, A., Krauss, J., & Steffan-Dewenter, . (2014). Species richness and trait composition of
butterfly assemblages change alongan altitudinal gradient. Oecologia, 175, 613-623.

Léon-Cortés, J. L., Cowley, M.J.R., & Thomas, C. D. (1999). Detecting decline informerly widespread
species: how commonisthe common blue butterfly Polyommatus Icarus? Ecography, 22, 643-
650.

Léon-Cortés, J. L., Cowley, M.J.R., & Thomas, C. D. (2000). The distribution and decline of a
widespread butterfly Lycaena phlaeas in a pastoral landscape. Ecological Entomology, 25, 285-

294,

Lewis, O.T., & Senior, M. J. M. (2011). Assessing conservation status and trends for the world’s
butterflies: the Sampled Red List Index approach. Journal of Insect Conservation, 15, 121-128.

Lindenmayer, D. B., & Likens, G. E. (2010). The science and application of ecological monitoring.
Biological Conservation, 143, 1317-1328.

Lyford, B. M. (1994). Lepidopteraand Trichopterafrom Paroa, near Greymouth, New Zealand. New
Zealand Entomologist, 17, 47-51.

Nakamura, Y. (2011). Conservation strategies in Japan: status, actions and strategy. Journalof Insect
Conservation, 15, 5-22.

New, T.R. (2004). Moths (Insecta: Lepidoptera) and conservation: background and perspective.
Journalof Insect Conservation, 8, 79-94.

Newstrom, L., & Robertson, A. (2005). Progressin understanding pollination systemsin New Zealand.
New Zealand Journal of Botany, 43, 1-59.

34



Ockinger, E., Dannestam, A., & Smith, H. G. (2009). The importance of fragmentation and habitat
quality of urban grasslands for butterfly diversity. Landscape and Urban Planning, 93, 31-37.

Patrick, B. H. (1990). Record of an upland grassland moth in a coastal salt marshin Otago, New
Zealand. Journalof the RoyalSociety New Zealand, 20(3), 305-307.

Patrick, B. H. (1994). Lepidoptera of Kaitorete Spit, Canterbury. New Zealand Entomologist, 17, 52-63.

Patrick, B. H. (2004). Conservation of New Zealand’s tussock grassland moth fauna. Journal of Insect
Conservation, 8, 199-208.

Patrick, B., & Patrick, H. (2012). Butterflies of the South Pacific. University of Otago Press, New
Zealand.

Pollard, E., Moss, D, & Yates, T. J. (1995). Population trends of common British butterflies at
monitored sites. Journalof Applied Ecology, 32, 9-16.

Pywell,R.F., Meek, W.R., Hulmes, L., Hulmes, S., James, K. L., Nowakowski, M. & Carvell, C. (2011).
Managementto enhance pollen and nectarresources forbumblebees and butterflies within
intensively farmed landscapes. Journal of Insect Conservation, 15, 853-864.

R Development Core Team (2014). R: A language and environment for statistical computing.
Available from http://www.R-project.org.

Salama, N. K. G., Knowler, J.T., & Adams, C. E. (2007). Increasing abundance and diversity in the
moth assemblage of east Loch Lomondside, Scotland overa 35 year period. Journal of Insect
Conservation, 11, 151-156.

Sibatani, A. (1992). Decline and Conservation of Butterfliesin Japan. Journal of Research on the
Lepidoptera, 29(4), 305-315.

Stefanescu, C., Penuelas, J., & Filella, I. (2003). Effects of climaticchange on the phenology of
butterfliesinthe northwest Mediterranean Basin. Global Change Biology, 9, 1494-1506.

Stefanescu, C., Torre, |.,Jubany, J., & Paramo, F.(2011). Recent trendsin butterfly populations from
north-east Spain and Andorrain the light of habitatand climate change. Journal of
Conservation, 15, 83-93.

Steffan-Dewenter, |., Westphal, C. (2008). The interplay of pollinator diversity, pollinator services and
landscape change. Journalof Applied Ecology, 45, 737-741.

Stringer, I. A. N., Hitchmough, R. A., Dugdale, J.S., Edwards, E., Hoare, R. J. B., & Patrick, B. H. (2012).
The conservation status of New Zealand Lepidoptera. New Zealand Entomologist, 35(2), 120-
127.

Thomas, C. D., & Abery, C. G. (1995). Estimating rates of butterfly decline from distribution maps: the
effect of scale. Biological Conservation, 73, 59-65.

Thomas, J. A., Telfer, M. G., Roy, D. B., Preston, C.D., Greenwood, J.J. D., Asher, J., ... Lawton, J. H.

(2007). Comparative Losses of British Butterflies, Birds, and Plants and the Global Extinction
Crisis. Science, 303. doi: 10.1126/science.1095046

35



van Langevelde, F., Ettema, J. A., Donners, M., WallisDeVries, M. F., & Groenendijk, D. (2011). Effect

of spectral composition of artificial light on the attraction of moths. Biological Conservation,
144, 2274-2281.

VanStrein, A.J., Van De Pavert, R., Moss, D., Yates, T. J., Van Swaay, C. A. M., & Vos, P. (1997). The
statistical power of two butterfly monitoring schemes to detecttrends. Journalof Applied
Ecology, 34, 817-828.

Warren, M. S., Bourn, N. A. D. (2011). Ten challenges for 2010 and beyond to conserve Lepidopterain
Europe.Journalof Insect Conservation, 15, 321-326.

Warren, M. S., Hill, J.K., Thomas, J. A, Asher, J., Fox, R., Huntley, B., ... Thomas, C. D. (2001). Rapid
responses of British butterflies to opposing forces of climate and habitat change. Nature, 414,
65-68.

White, E. G. (2004). A 1961-2000 Database for New Zealand Tussock Grassland Moths. Lincoln, NZ:
Manaaki Whenua Press.

Williams, M. R. (2011). Habitat resources, remnant vegetation condition and area determine
distribution patterns and abundance of butterflies, day-flying mothsin a fragmented urban

landscape, south-west Western Australia. Journal of Insect Conservation, 15, 37-54.

Wilson, R.J., & Maclean, I. M. D. (2011). Recentevidenceforthe climate change threatto
Lepidopteraand otherinsects. Journal of Insect Conservation, 15, 259-268.

36



	Databasing 44 years of New Zealand Lepidoptera observations to assess large-scale changes in moth and butterfly diversity
	Abstract
	Acknowledgements
	Table of Contents
	List of Tables
	List of Figures
	Chapter 1  Introduction
	1.1 The significance of New Zealand Lepidoptera
	1.1.1 Ecological importance
	1.1.2 Biodiversity value

	1.2 Overseas trends
	1.3 Causes of decline
	1.3.1 Land use change
	Agriculture
	Urbanisation

	1.3.2 Climate change

	1.4 Assessing the state of New Zealand Lepidoptera
	1.4.1 Conservation status

	1.5 Long-term monitoring
	1.5.1 The importance of temporal datasets
	1.5.2 Current initiatives
	1.5.3 Brian Patrick’s Lepidoptera records


	Chapter 2  Aims & Objectives
	2.1 Aims
	2.2 Objectives

	Chapter 3  Materials & Methods
	3.1 Brian’s Collection Methods
	3.1.1 Day trips
	3.1.2 Light Trapping

	3.2 Format of original data
	3.3 Database Building
	3.3.1 File Maker Pro Advanced
	3.3.2 Data Entry
	Trips and trip sites
	Sites
	Observations


	3.4 Data Analysis
	3.4.1 Statistical modelling


	Chapter 4  Results
	4.1 Database Summary
	4.2 Modelling Outputs

	Chapter 5  Discussion
	5.1 Preliminary Results
	5.2 Experimental design
	5.3 The future of biodiversity conservation
	5.4 Next steps

	References

