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I. ACRONYMS AND DEFINITIONS

EOO - Extert Of Occurrence

RLI - Red List Index

PVA - Population Viability Analysis

I[UCN - International Union for the Conservation of Nature
CEPF - Critical Ecosystem Partnership Fund

GDEM - Global Digital Elevation Model

QGIS - Quantum Geographic Information Sgm

PSMS - Partula Species Management System

ZSL, B.U.G.S. DepartmentZoological Society London, Biodiversity Underpinning Global Survival

Department.

Quazi Extinction - A measure of extinction risk based on the number of populatemications that

result in extinction as a proportion of the total number of replications.

Trajectory Summary A measure of the population size achieved throughout the timeframe modelled.
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. ABSTRACT

Over the ourse of the last 12,000 yeardand ecosgtems have been confronted by amcreasing suite of
threats. Direct human persecution, urban and agricultural expansion, invasive species and increasingly
more turbulent environmental conditions, mean that even the most abundant and ecologically robust
species are being put at risk of extinction. New waves of island extinctions are continuing to occur world
wide, and although impacts on vertebrates tend to be most widely studied, increasimglyuilding

blocks of ecosystemdnvertebrate and plant spees- are being affected. There is an urgent need to
determine how recent changes in island species relate to historic baselines and how present levels of
extinction risk can be better managed. Here | create an index of changing extinction risk over a four
decade period for Society island snails of the gdpaigula | use this as a baseline against which to
evaluate change in extinction risising the Red List Index method, and exantireecauses and effects of
different factors onisland species extinctiorisk Using PVA then evaluate how more detailed

information on the pressures that have contributed to higttinctionrisk,can be used to identify future
management options that reduce extinction risk fbis taxonomic group. | find that interactiabetween
humans and invasive species post the first island invasamhave a great effect on the rate of spread

and the final impact of the introduction. Further management strategies designed to reduce risk to the
entire island populations, also prosa viable outcomes because of changes in invasive predation

pressure However, the numbers of animals within starter populations are key to reducing risk.
Word Count; 14,878
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1.INTRODUCTION

1.1Isolation and extinction

Islands have been a focal point for extinction events for over one thousand.ydanotypic geology,
restricted size and geographic isolation create unique evolutionary environrtigaitsan be extremely
vulnerable to external interference or rapid internal change. This vulnerability is likely to account for a
significant proportiorof the first waves of extinction during the Holocene (Steffen, Crutzen and McNeill,
2007) aHomo sapienbegan to move into isolated regions, placing new pressures on endemic, range
restricted wildlife, including bird (Steadman; 1995, 1989) and reptéeies (Foufopoulos and Iye999).
Islands remain at the crest of the extinction wave through colonial expansion and into the anthropocene

(Steffen, Crutzen and McNeill, 200W)jith island species now considersgimbols ofxtinction.

Studies of extinctin in different clades have found factors that predict heightened extinction risk with
relation to islands. Extinction risk in mammadassociated with small geographic range size and slow life
history, but not significantly with island habitation (Pwet al2000; Jones, Purvis and Gittlem&g03)
whereas birdshow strongcorrelation between extinction risk and islands habitati&eCkburret al
2004;Reynolds, 2008) { dzOK & (G dzRAS& 2F OSNISONIGS GlFlElW&E 6KAES
limited insights into ecosystem wide extinction riskpecially whetthe origind mammalian and avian

fauna are considereflinctionally extinct The linked impacts of an ever increasing range of invasive
species (Fritts and Rodda, 1998), expansiontehsive agriculture, forestry and increased environmental
variability caused by climate change (Benréhgl 2002; Barnett 2001) can have particularly profound
effects in island ecosystems. The loss of entire invertebrate and plant clades from apgtesokas not

been experienced for millennia, but that is what is being faced by an increasing number of island
ecosystems. The consequences are simply unknown, as on islands there are unlikely to be species that
quickly fillunexploited nichesas can hapen on continental shelves due to greater species richness
(Ricklefs20009).

Losses of island biodiversity are often keenly felt by human populations, not only in terms of the
ecosystem instability caused by the loss of abundant species and the impacbgystem servicebut
also the cultural implications of losing historically abundant species (FiglréL teet al, 200&). There is
also the los®f a scientific resource hE genetic variability shown by island species is of high vaften
formingstudies into speciation that can have spanned decades (Coote and Loeve 2003). To gain an
understanding of this loss of biodiversity, baseline studies are vital to pravéighssinto the current

extinction risk fombundantspecies.
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Endemic invertebratspecies such as terrestrial
and fresh water gastropods are central to a
multitude of ecosystems, playing significant role|
in soil formation, grazing pressure (fungal, algal
and plant), predation and surface calcium
availability (Hoopeet al2000). Howeer, 40% of
terrestrial gastropods are currently listed as
threatened with etinction (Colleret al2012;
Lydeardet al2004) with many islands showing
the greatest level of threat, Seychelles, 68% anc
Hawaii over 75% of those assessed are

threatened.

Thete are few better documented examples thar
that of the Partulaof the Society Islands (Coote
2003).The taxorcontains some of the most
comprehensively studied terrestrial snail species
representing 150 years of research over the six

islands and forms thbasis for the analysis of

extinction risk on islands within this study.
FIGURE 1-A Traditional Tahitian Lei created from

The ever heightened extinction risk-gitu has led vast collection of marine, freshwater and terrestrial

to the formation of exsitu populations as a way | Shail shells (larger snails are most likéartulg). Into
i KS wmabjduts f@aghioned frorR.roseacouldstill

be purchased in markets (Coote and Loeve 2003

to mitigate for the increasing or suddenly
changing threatsHistoricallyabundantplant and
invertebrate species will often form large and Photosfrom: http://www.etsy.com/

stable colonies esitu, and can be cost effectively

trans-located to new collections and into-Bitu reintroduction colonies. Fdtartulg several species have
now formed the basis of a successfulsitu programme (PeareKelly and Clarke, 1992). Some of these
are now theoretically available for release; howewbe suspectedactors causing elevated extinction
risk are likely to remain. Therefgreefore releasing snails back onto the Socielgnids the following

guestionsneed to be considered:

a. Has there been a significant reduction in theorised extinction pressure caudeddsea

predation since the extirpation oh-situ Partulidpopulations?

b. How could the current predation pressure intetavith surviving or reintroduce@artulain

isolated populations and what are our management choices within a single population?
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c. Do current management options deliver potentially successful reintrodiatulapopulations

given the theorised predationgvzameters within which they are likely to work?

1.2 Creating an island baseline to analyse extinction risk

The concept o& baseline within conservatiaminded ecology comes from the recognition that scientists
often only assess ecosystenftea a period d decline (Pauly]l995). This means that any assessment of
threat is made from already degraded systemmsderestimatinghe true threat or loss incurred. To

rectify this there are now a number of methods being used to estimate the historic abundanasger ra
size (Lotze and Wor2009). These studies have befeicussed ormarine systems, building a picture that
allows the analysis of current state and extinction risk (Lotze and \M2069) as well as fully informed

projections (Harnilet al2012).Terrestiial systems haveemained more difficult to evaluate.

Islands present a number of unique barritwbaselinecreation Island hopping indigenous populations,
early extinctionof megafauna, rapid degradation in the presence of early human populationgingar
levels of colonial rule, large time gaps in scientific study, confusing taxonomy, invasive replacement,
cyclonic events and historic trade relationships makes for a complex picture. However, well studied
settlement histories, well maintained culturhéritage, lowerstarting species richness, and thietorian

interestin island specimendyas left a legacy dfigh potential value.

Islandshave the potentiato recoversome ofthe biodiversity that we often think of as Iqdiut onlyif
historicecologcal linkscan be reestablished On Round Island in Mauritipthe introduction of a

population ofAldabrachelys gigante@he Aldabra Giant Tortoisegyinned with the removal of goaihas
seen the recovery of a number of endemic plant species (Gri#itas2010). However, without

identifying the baseline abundance or range relationships originally present within an island ecqsystem
management action is unlikely to be correctly identifieghding toan inaccuratevaluation of the

outcome, or a poorlyargeted strategy.

In degraded systems, the baseline may be aracinievable goal due to our inability to reverse changes or
requirement for economically nemiable conservation strategiéStylinski and Allen, 1991This then
presents a valuation judgeent as to the advantages of replacing a species based on potential future
abundance, economic viability and overall ecosystem improvenidrdrefore the laseline on its own

can inform early management decisioimit has littleimpact in informing the progess unless it give

contextto the current situation.

One way to understand the context of what we observe today in comparison to a historic baseline is to
produce values outlining both historic and current extincticek The most widely accepted methaal
assess extinction risk of species is the IUCN RedLish@rtet al2004) which, via a series of

guantitative criteria, allows the placement of a spedie® a categoryidentifying the relative risk of

extinction. This aathen be analysed usingdtRed listidex (Butcharet al2005), a mechanisnidesigned
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to analysehese changes in status through time at a taxonomic level (Butehait2007).The redlisting
process often relies on a series of incomplete pieces of data to create an asses$itheeaty and
therefore can given inaccurate picturef riskover a series of assessmenitiere can be a number of
reasons for thisincluding problematic taxonomy (Box 1.&ble 11), but most of the inconsistanes
come from the difficulty indentifying genuine status change at the point of assessment. This can be
analysedhroughthe use of data collected after assessment or statistical modelhgh cancorrectfor

theseinaccuracies for indexing purposes (Butchetral 2004).

BOX1.1 ¢ Taxonomidnconsistenciewithin the IUCN Red List

As species get smaller they tend to test the basis
_ o o TABLEL.1- Non species within the IUCN Red L

of our species categorisations to the limit, and
with regular hybridisation, sefertilisation and a Non-Species Date assessed
great variety of apparent morphological variation .

Partulaapproximata 1994
when there is little genetic variation. This is
highlighted in the 1994 Red ListingRdrtula Partuls castanea 1994

(IUCN Redlist online 2013) where seven of the

Partula compacta 1994
species listedre not recognised within current
nomenclature(Table 1) All were described by Partula micostoma 1994
Hartman (1881), but due to revisions of the taxa Partula protea 1994
by Pilsbry (1910) and Kondo (1968) they have not - -
Partula raitensis 1994

been included as species for over 50 years.

1.3 PopulationViability Analysis (PVA) in estimating extinction and management risk.

PVAmodels areone of the most widely usetbols inconservation biology (Coulsehal2001). The

availability of simple softwarallows the construction of models that are designegtedict extnction

risk (Quaziextinction), andcompare management targets and practises for a myriad of different cases. A
number of problems have been highlighted in its application especially when considering the estimation

of parameters from minimalata (Coulsert al2001) however, as an exercise it can provide vital insights

into the life processes of the species in question. Ultimatetywith any model its validity relies on the

data it is based upon and the assumptions within it. With apprderieansparency and validation

(Akcakayat al, 2004)t +! Q& Kl @S 0SSy akKz2gy (2 LINRPRdzOS SadAyYl i
populations Brooket al 2000;Brooket al 1997)

APVA predicts abundance from one time step to the next through a populatiorixnAt efkovitch
matrix (Caswell2001; Morris and Doak2002) relies on two or more coefficients at each life stage that
denote survival and potential growth through a single time step. The first coefficient dictates the number
of individuals that remai at that stage, whereas the second, third or further dictates how many would
move from that stage to a followinstage during that time step (Figure 1.2
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S(t+1) Pse O f S(t)
R(t+1) |=|Prs Prrg O R(t)
F(t+1) 0 Prr Ppp/ \F(t)

Populaton per stage Lefkovitch Matrix Population per stage in

in the next time step. the current time step.

FIGURE 1@QAn equation using aeffkovitch matrix and a cuent population vector to show populationtime
next time step (iteration)ror stage S, PSS is the coefficient of the number of animals that remain at that !
during this iteration whilst PRS shows the number moving to the next stage during thisitelayou add PSS
and PRS you get the total survival coefficient for stage S, and therefore by taking this away from 1 woul
the mortality coefficient for stage S. Dependant on how long the time step (iteration) is, it is possible that
organisns could jump stages creating a PFS value above zero if you will, or in the opposite way a PRF
above zero. The letter f (lower case top right hand corner of the matrix) denotes the fecundity coefficiel

that stage (in this case stage F).

This gives the matriftexibility in terms of its application, for example it has been used wvsHifferent
fecundity values at different stages of plant life cycles (Morris and D@akR). In invertebrates different
life stages occupy different mictwabitats, or react differentlyto environmental instabilitymaking the
identification of these ges a powerful tool in analysing survival in these different minzbitats
(Akcakayaet al, 2004).

The completeness of data is ultimately always a problem when considering endangered species. With
species that are considered extinct in the wild there few insitu records of life stage survival, therefore
new data for these models must come from-&tu records. This has significant advantages, as the entire
population can often be accurately censused, no immigration or emigration is possible armhemssmtal
observations are relatively constant. Howeyte lack of environmental stocasticity, natural behaviours
or predation ratesoften makes direct comparisons of extinction risksitu implausible (Beissinger and
Westerpha) 1998). Once the matriis created it can be constrained using further parameters such as
density dependence to form an accurate demographic model. Again these parameters are often poorly
captured by essitu data. This is important to account for when interpreting results adable of these
abiotic and biotic determinants can significantly limit application and ability to answer the questions
asked, but with caution and careful questioning a model can capture the features of a pop(Brbok

et al2000;Brooket al 1997)
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One simple mechanism for the creation of a stage based matrix from censussdataughthe use of

multiple regression (Caswell, 200The multiple regression method relies on identifying which of the

stages in a current time period best describes thgydation of the stage in the next iteration (Amin,

1997).

1.4 Partulaas a model island taxon

The Familyrartulidaeis currently recognised to have consisted of arod2® species of snails in three

genera spread across the Pacific (Coote and Pearcg 2B (Figure 1.B ThePartulaare by far the

most divergent genus of the family of which the majority of spedé¥\ere found in the French

Polynesian, Society Islandghere they formed populations into the tens of thousandke genus is

represened in approximately 150 years of scientific literature on speciatiom through collectionm

museums worlewide (Figure 1.4).

™ T e T roror o
= "
: %JAPAN
- AStA h Midway
A A.‘ .
2 S HAWAI
OFORHOiA MARIANAS wake LNy
' l
pmunpmr_ M&E{aHm.l.
CABOLINE P —
ﬁ 'Palau " .. . +Fanning
E"Eﬁs . tansesy o —
"o MW pomarck . PHOENIX "
: s\.SOLOMON ELL!CE RQUESAS
< & .
NEW ! 318 TUAMOTU
neompes B " , ?,g'ﬁ! "
I~ c:f:“:)oum a%TbNM i ' b ' £ Mangareva i
AUSTRALIA *U““'- pitcairn ‘EASTER
0 Ngrfolk i Rapao -
e X ‘Lord Howe JsKermadec T
3 MEW ZEALAND —_
[ TASMANIAT) j\/’"
yChatham
P R I R P M W P RN I PR PO I P P
® EUA O SAMOANA W PARTULA
Fisure 1.—Distribution of the genera of Partulidae: Ewa in solid circle; Samoana in open circle; Partula in solid square. Map

of Mariana Islands is enlarged in Figure 13

HGURH..3¢ The distribution of the Partulidae across the Islands of the PaaifitKondo (1970)

Today only SPartulaspeciesare still known remain on th&ociety $lands, in isolated habitat patches,

with the largestpopzt | G A 2y Q& ydzYo SNRy 3

O2dzL) S XKdly RIBYRNBR A

number of species introduced to the Society Islands can have significant impacts on terrestrial mollusc

populations Table 1.2. In the literature it is one speciegkuglandina rosegE.roseaThe Rosy Wolf Snail)

that has been blamed fahe extirpation of thisclade of snails and several others across the Pacific and

beyond Murray et al 1988; Cowie and Robinson, 2Q0@&arceKelly and Clarke, 1992,1994 and 1996;

Cooteand PearceKelly,2013). The group were placed on the IUCN Red List in 1994,
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FIGURE 1dPhotos of the in
spirit sectiorof the Murray
collection at the London Nature
History Museum. The majority «
this collection was formed frorr
specimens collected in the
valleys of Moorea during a 20
year research programme that

came to an end with the

extinction of the majority of

Moorean Partulidfauna.

(Photo care of Dr J Gerlach,
01/08/13)

1.5Developing PVA models to infofAartulidreintroductions.

Since thePartulamanagement programme was developed in 19B24rceKelly and Clarke, 1992he
eventual aim of tke organisation has been to develop a mechanism by whidreailaspecies in esitu

populations can be reintroduced back onto the islands.

The currentin-situ strategyis a 160 adult release into a 12x9m reseceastructed through the Critical
Ecosystm Partnership Fund (CEPF). Experiments within thdPB&r ¢eKelly, Mace and Clarke, 19%nd
previous island release attemp{€ooteet al 2004 show thatPartulidsfrom exsitu populations will

revert to natural behavioursncluding successful breedingice within native habitat.

Given that there is neither the capability nor the potential investmenttmsider the extermination of
invasive species from any of the islandsd political incentivesare continuing to inflate the impaabf
increasing huran populationson natural areas, how do you reintroduce an extinct island endemic? What
is the likelihood of success? And whatthis cost benefit ratio of utilising thesemanagement scenarios?
When these questions are placed in the context of climate gkahe scenarios only become more

difficult to predict.

The management focus to this point has been to build classic reserve struatdrieh have had short

term successes but as yet achieved no long term outcomes becaliseeéancursion. Doubts have

been raised as to the integrity that can be achieved given anthropogenic methods of reducing
catastrophic predation. The process is expensive as with many programmes originally designed for larger

fauna limiting the number of populations possible.
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In recent years observations of extaRartulidpopulations on Tabhiti has given rise to a new
reintroduction strategy through natural arboreal reserves. The concept comes from thevaltiserthat
a number ofPartulapopulations survive nearbguglandingropulations within the leaves and branches of

largelnocarpus fagife(Tahitian Chestnut or Mape Trees).

These management scenarios need to account for possible anthropogenic pressure, environmental
change and predation pressutartulidpredation is now a milti-species complexT@ble 1.2 but the

assumed key invasives dferoseand Platydemusnanokwari(P.manokwariaNew GuineaFlatworm;

Table 1.2 Both of these species in high densities can cause catastrophic predation on arboreal molluscs
(Cooteet al 2004 Sugiuraand Yamaura 200pP In lower densities they would also exert a continuous
predation effect which, dependant dRartulidpopulation size and the rate of predation could still cause
rapid declines ifPartulidpopulations. These predation conceptscatastrophic predation and continuous
predation are key to identifying the impact of planned management on the long term succeastaiid

reintroductions.

It is theorised for modelling purposethat classiaeserves are designed to reducentinuaus predation
to the lowest levels possible; however, previous experie@mo(eet al 2004 showstheir limited
prevention of sudden catastrophic events because of the presence of favourable habitat within the
reserve forE.roseaThe impact of arboreal serves on predation is more difficult to parametise;
however,for modelling purposet is considered that botlthe surface of the trunk and the extent of
branchingwould reduce catastrophic impact on thegartula This is likely to significantly redudeet

impact and likelihood of a catastrophic evdnit may allow a background rate of predation.

2. SUMMARY

The following questionare to be answerethrough the development of a base&, associated analysis
and PVA, and form the backbone of this study fithis point on
1. How has extinction risk varied f@artulasince 1975?
2. What are the factors causing the observed decline and how do the factors interact?
3. Can the current rentroduction and management strategies provide a secure long term option for

in-situ Partulidpopulations?
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TABLE 1:2Showing the key invasive species that could have an impdaulidpopulations.

Invasive Species Approximate date of | Observed predation pon Reference
introduction to Society Molluscs?
Islands (AD)
Pacific Rat 1200 General mollusc feeding| Parisi and Gandolph
Ratus exulans widely observed but no 1974; Mey/er and
examples within Polynesie Betaud 2008
Black Rat 1800 General mollusc feeding| Parisi and Gandolph
Rattus rattus widely observed but no 1974; Meyer and
examples within Polynesic Betaud 2008
Brown Rat

Rattus norvegicus

Common House Mice 1800 Documented impacts on| Angel, Wanless and
Mus musculus other endemic Cooper 2009
invertebrate species but
little mollusc predation.

West African Land Sna 1940 Possible competitor and Civeyrel and
Liss@hatina fulica vector for pathogens. Simberloff, 1996
Rosy Wolf Snail 1970 Active predatorof Partula Clarkeet al 1984,
Euglandina rosea observed extirpating snail; Murray et al 1988;
from Moorea and Tabhiti Coote and Loeve

2003
NewGuineaFlatworm | Between 1990 and 200¢  Observed predation of Sugiuraand
arboreal snails in the Yamaura2008

Platydemus manokwari
Mariana Islands.

Flora (Multiple spp) 1200 present Certain species do have Example
documented negative
Example impads on molluscs butis ~ Cooteet al1999

L often poorly documented.
- Miconiacalvescens
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3. METHODS

3.1 Data collection

3.1.1For Red List assessments

A literature search was conducted through the ZSL library, online sources and via recommendations or
field notes made available by researchers. Key search termgla&artulg Tahiti, Raiatea, Moorea,

Tahaa, Bora Bora, Huahine, Pacific Islands, Pacific Region, French Polynesia and Society Islands.

For the islands of Tahiti and Moorea there was already sufficient current informationdieeate range
maps usingpub A OF G A2y a FyR dzylldzof AaKSR R20dzySyida dGKFd KU
produced today, examples including Cladtal (1984) and Coote and Pearelly (2013).

For the islands of Bora Bora, Huahine and Tahaa there were no maps oy litdcamation from
between 1900 and 1980 in terms of baseline. The baseline was thus formed through older publications,

particularly Garrett (1884) and reinforced via records from:

- The American Natural History Museum

The Bishops Museum Hawaii

The Natural ktory Museum of London

The Natural History Museum of Philadelphia

CdNIKSNJ Ozt t SOGAz2ya 6SNB adza33dSaisSR o6& SELISNI& AyO

Coote.

For each island GDEM images within Qgis formed the base layer upon which Vestof ¢ollection and
record points were built for each species, beginning with the earliest publications and collections working
forward in time. Where there was no coordinate data, as in a majority of cases, often the record was
given the name of the \iey of collection alongside an approximate altitudinal reference or shown within

a hand drawn map (Garrett, 1884ppendix 3.

Subsets of points are used to depict the extent of the valley, at the stated or inferred altitude running all
the way down to pproximately 200m from the shore line. If the altitude is not stated then the entire

valley is included to its highest limit, although in practise this is rarely required because many of the older
collections are taken on a valley level at lower altitudad more recent findings are given relatively

exact points of reference. To interpret the maps more fully species descriptions have been used to inform

meaning and therefore the placement of the points. Accounts of each species from Crampton (1916 or
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1932) Garrett (1884), Hartman (1881) or Pilsbry (1910) have been recorded within a reference table
(Appendix3).

Within the publications before 1968 there are many references to varieties that lose their species status
SAGKSNI gAGKAY Y2 yhe&irintedgeas previdds @ At. & dr 8eyeraPvarieties their
fAYSIFE3IS A& dzyOf SFNE FYyR A& 2yfé KAYUSR G 6AGKAY
shows the correct subpecies delineations for original varieties from Garr&884), Pilsbry (1910) and

Crampton (1916, 1932 and 1956):

HUAHINE
- P.varia huaheinensis
TAHAA
- P.faba amanda
- P.imperforata verginea
RAIATEA
- P.callifera megastoma
- P.Imperforata raiatensi@riginal name from Pease)
- P.imperforata rectgqoriginal name from Pese)
- P.radiata microstoma
- P.navigatoria variablis
- P.fusca protea
- P.faba approximate
- P.faba castanea
- P.faba terrestris
- P.auriculata compacta

OEGSYldl 2F 200dz2NNByOS 69hho t2fée3dzya | NB ONBI GSR
EOO for eeh species. Where inaccessible regions have been included within the polygon, based on the
historic information and data points, then the polygon is split to form separate populations. There is a
mixed literature onPartuladispersal, with essitu experimats showing relatively high dispersal capability

(PearceKelly, 1995) and isitu collectors suggesting greater segregation of populations even within the
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same valleys (Crampton 1916). The formation of these distinct populations seems likely given the

geogaphy of the islands, but remains a valid future discussion.

3.1.2Reasons for decline

A further literature review was conducted through the same sources as for baseline creation, including
earlier terms and: Introduction, invasive, invasion, traditioreitiement, agricultural change,
demographic change, population change, French colonial rule, climate, climate change, rainfall, cyclonic

events and each invasive species (Table 1.2).

It was apparent that initial losses Rartulidpopulations are likelya have occurred between 1970 and

2000 (Clarket al, 1984; Murrayet al, 1988; Cowie and Robinson, 20Tdlier and Clarke, 198&erlach,

1992; IUCN Red List, 2013). Potential extinction factors were analysed for correlation with this time frame
and evignce of impact orPartulidpopulations. Three strong correlates were identified, a further

literature review was conducted to identify data available for modelRagtulidextinction risk:
a. E.rosea

Reviews oE.roseadbehaviour highlighted multiple data acces that allowed for the modelling of spread.

Clarkeet al (1984) identified a rate of dispersal of 1.2 Km/year on Moorea and extrapolated across the

island based on that observation (Murrayal,1988). Gerlach (1992) completed ardepth study of tke
Y2ftdzadQa oA2f238 |yR SO2f23& ARSYGAFeAy3a I Y2RSt

gradients to predict range limits and dispersal rateg€o§landinawithin Raiatea.

For the other islands no models were present for analysis but data sigave spread oE.roseavere

obtained from, field records collated by Coote (unpublished), Peeaily and Clarke (1992), Peaielly,
Clarke and Mace (1994) and Peakaly and Clarke (1996). Points of introduction were identified for
Moorea and Tahitwhere the snails were government funded introductions. All other islands represent
non sanctioned introductions (Coote pers comms) but for Huahine and Raiatea there is sufficient data to

estimate an area of introduction. Bora Bora and Tahaa have nadunttmn data.
b. Direct human impact data

There was only a single openly accessible source of data focusing eumskamdthin the Society Islands.

This was produced by Gerlach (1992) and depicts the extent of human land use within Raiatea in 1991.
Agricultual expansion and government subsidisation of agriculture were found to anecdotally correlate
with the suspected time frame of extinctions which led to its inclusion in extinction modelling (Appendix
4). There is limited information as to the exact natofahis impact, but it was theorised th&artulaare
unable to survive in nonative habitat types including most agricultural land and some forestry areas

because of a consistent lack of presence.
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c. Climate change
TABLE 3.1The Stage matrix and

Few sources of openly accessible dataarailable. Those Standard devition matrix for
present do not have sufficient precision to identify the possibl¢ Partulaproduced througka multiple
climatic impacts on the Society Islands during the time period¢ regression method for week long
required. The data available shows little correlation, and even iterations.

with optimum data the impact of such envirorental instability

Stage Matrix
on these molluscs is currently impossible to estim&artulid

extinction events on smaller islands during a similar time peric § & g >
< o
do point to possible climatic effects in the absence of other S =} §. =
= ® =

factors Coote and Loeve, 2003)ut further exploratory work

0.87 0 0 0.135
will be required to secure records that might uncover this

0.085 | 0.935 0 0

relationship.

3.1.3Data collection For PVA 0 0.061 ( 0.86 0

0 0 0.14 | 0.973
When sampling we must consider angiu population as
though it were simulated due to the artificial conditions. Errors
and implausil# coefficients from analysis need therefore to be Standard deviation Matrix
corrected through utilising a number of repeat populations to
estimate a relevant coefficient of each stage. £ o g >

s 5 £ &
For this study a stage based matrix (Table 3.1) was producec 3 o = -
using week by week count data frazd exsitu populations of 0.006 0 0 0.012
Partula affinis, Partula otaheitana, and Partula nodfsan
0.02 | 0.007 0 0

London zoo and Bristol invertebrate house (Population data

from the PSMS via ZSL B.U.G.S department). These three sp 0 0.012 | 0.039 0
are closely related and between them providsafficient data 0 0 0.023 | 0.011
for analysis. The populations (boxes) were selected from over
200 populations through two criteria suggested from Amin Generation time: 67 weeks
(1997); over 50 weeks running time and no immigration or Lamba Value (Growth rate}.0205
emigration, as well as two specific to this study; correct

recording throughout and sustained positive growth in the adult population (30 weeks). Each individual
L2 LJdzf F GA2y Qa OSyadza RFEGF ¢l a (del FigurelIdzin R (Appeid@lidza K |

10)and the significant biologically plausible coeffitefor each stage were extracted.

The median coefficient value was taken for each element of the matrix. To represent the variation present
in the data a standard deviation (SD) matrix was produced utilising two data points either side of the

median value
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N,(t+1) = S,; N,(t) + S,, N,(t) + S, Ny(f) + S,, N,(1).

FIGURE 34The model equation for the multiple regression analysis for the second row of a coefficiant ma
(Akacacya and Root 2013). S is the coefficient that is to be identified from the multiple regression, with the n
RSy20GAy3 (GKS NBga FyR O2fdzrya GKIFd GKS O2SFFAOA

each stage of the maitt (denoted by the-4 next to the N) either at the current iteration (t) or the next (t+1).

3.2 Analysis

3.2.1 Reasons for declimanodellingPartulidrange reduction

The BiselineEQOO for all 61 species of Society IslBadulaformed theoptimum status of populations in
1975. This date was chosen because it preddteEsimentedPartulidextinctions, Euglandindantroduction
and the map of human caused habitat change on Raiatea in 199h¢G1992). These baseline ranges
were then redrawn year by year to form two models of Partula extinction, based on the two models of

extinction pressurexplained below:

- TheE.roseanly range expansion model

The data frommsurveys oPartuld E.roseavere plotted onto maps ofhe Society Islands using Qgis
utilisingthe same process dartulabaselines, except each survey year remained in a separatenfie.
Presence and absence Bluglandinavas plotted to valley precision, alongside the presence or suspected

absence oPartulain each valley as an indicator Béiglandingresence.

Models ofEuglandinadispersal for Moorea (Clarlet al 1984; Murray et al 1988) and Raiatea (Gerlach,
1992),were georeferencedover data points collected within Qgis. Begeoreferenced modelsvere
transformed intovector filesto be altered in the presence of data collectfollowing production of the

model.

Onrent AYAY3d A&aflyRAX | FANRG LRfteé&3a2y ¢ AlEsla@diedi SR TN
predicted dates of introduction the in literature (Leeal, 2008; Murrayet al 1988; Coote, 2003 iveyrel

and Simberloff, 1996)utthe islands of Tadm and Bora Boraave no records dEuglandinadispersal

except aPartulaextinction date. Ararea of introduction was predictedywo miles inland from the largest

town in each caseOncethe first polygon was created further polygons were created fordhta forming

the basis of an extincton map.S NI  OKQa ¢ mddH 0 Eu§léndideyread weteyugded ® ¥ NI (G S
show the yeatto-year movement of the predator across each island. Where the model did not accurately

predict collection points, dattook precedence for that year.
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When redrawing thePartulaEOO based on this model it is assumed that the presenEera$eaneans
the absence oPartulafrom that region. Arestimation of errorhas been identifiedhrough Partulid

records of survivadlongsia E.roseaat 1-2 years.

- The Raiateagricultural expansion and.roseanodel (Agricultural expansion model).

For this extinction model only the Raiatea specieBartulidwere used. ldman populations had
expanded agricultural output before 197Bowever,due tothe singlesource of data available the model
initially represents a singless ofPartulidrange on Raiatea 1984 based on that datd heyearto-year

movement ofE.rosedorms the rest of the model after the introduction in 1986

3.2.2Calculéing the RLI

The Red List process is used for both models in this study to identify the change in extinction risk over
time for Partula In both models the assessment in 1975 was assumed tdtndilaEOO at its optimum

(Least ConcernLC). Assessmenigere then made tri annually from 1984. Each following assessment was
analysed based of the EOO of fRartulidspecies at the end of the selected year (Decembé) disted

in accordance to Red List Categories Bla or B1b (TablithZomparison agaist the 1975 baseline

EOO where required. An early estimation of vulnerability (D2 listing) was also made for species present on
all islands onc&.roseavas predicted to be present on Tahiti, this was to represent the direct threat. This

formed a sequencef assessments for eveBartulaspecies on the Society Islands.

The extinction risk for the taxonomic group was then identified for each year of assessment through the
Red List Index (RLI) (Figure)3Ah RLI value was calculated from the number caps in each red list
category for each assessment. The totals were multiplied by a category weight, with the products then

summed to give a total score for the assessment thus showing the net genuine change for the taxon.

The extinctionrisk weightingapproach is based on assigning each category a value that best describes the
relative extinctionrisk associated with that category. The weightings range féofor not threatened to 5
for extinct (Butcharet al 2004).

- c denotes the category

- s shows secies/ number of species Z W er)
| . RLI=1—-——
- Nis the number of species WEX -N

- tis the year of the assessment.
- Wi s the weighting; FIGURE 3-Zhe equation for the red list

- WexThe maximum weighting (at extinction) | ndex (Butchart et al 2007)
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TABLE 3.2Sourced fronButchart (2005, a simplified overview of the thresholds foettUCN Red List Criteria,

through which each species was categorised based on the EOO for every three year time frame.

criterion critically endangered vulnerable qualifiers and notes
endangered

Al: reduction in =90% =T70% =50% over 10 years/3 generations in the past,

population size where causes are reversible, understood
and have ceased

A2-4: reduction in =80% =50% =30% over 10 years/3 generations in past, future

population size or combination

B1: small range (extent of <100 km? <5000 km” <20 000 km? plus two of (a) severe fragmentation/few

occurrence) localities (1, =5, =<10), (b) continuing
decline, (c) extreme flucruation

B2: small range (area of <10 km? <500 km* <2000 km?* plus two of (a) severe fragmentation/few

occupancy) localities (1, =5, =10), (b) continuing
decline, (c) extreme fluctuation

C: small and declining <250 <2500 < 10000 mature individuals. Continuing decline

population either (1) over specified rates and

tme periods or (2) with (a) specified
population structure or (b) extreme

fluctuation
D1: very small population <50 <250 < 1000 mature individuals
D2: very small range N/A N/A <20km”or <5 capable of becoming critically endan-
locations gered or extinct within a very short time
E: quanttative analysis =50%in 10 =20% in 20 =10% in 100  estimated extinction-risk using
years/3 years/5 years quantitative models, e.g. population
generations generations viability analyses

3.3RAMAS Metapopulation Models using Stage Matrix

| usedRamas Metapop version 6 (Akcakaya and Rdt3Pto creataneta-populationmodels. The basic

structure of each model can be foumd (Appendix 5).

A literature and comparative data search was undertakenetify the estimatesmade for the modelling
process. @mmon factors within these PVA modele shown belowalongside how they are factored

into the modeland their parametisation

- Predation pressure

o0 Continuous a harvest function where the number of individuals removed from each
population per harvest event is set, followed by the number of t8teps between each

harvest Parametised byield data ofEuglandinacollected from Tahiti (Bpendix7).

o0 Catastrophic; a catastrophe parameter within RAMAS Metapop that identifies the scale,
effect and probability of an event for each time step. Tipperbound wasestimated
from the previous reintroductionandlower boundselected based on the current

understandingof the reserve types.

-21- S. Aberdeen



- Carrying capacity has been estimated for the res@mgulation by Coote (Pers. Command
Pearce Kelly (PerComm.) 82000 individuals oP.nodosaFrom this there was systematic

selection of lowebounds

- Density dependence

0 Negative density dependene ceiling function based on the carrying capacities

stipulated (2000 individuals if not otherwise stated).

o Positivedensity dependencea minimum local population size of 15@lividuals b
create a conservative outlodnd to account for thel0%increase irextinction riskwhen

the populationreduced beyond 50 individualgPartulidBreeding Programme)
| asked thre questions (43) which were tested through the modelling questionsefjgAppendix 5):

1. Has there been a significant reduction in theorised extinction pressure caudeddsea

predation since the extirpation af-situ Partulidpopulations?

a. Given that ecorded population sizes and collectiomeceeded 10,000ndividuals for
manyPartulidspecies, what predation pressucan drive 95% of modelled populations

to extinctionwithin two years?

2. How could the current predation pressure interact with survor reintroducedPartulain

isolated populations and what are our management choices within a single population?

a. What is the time taken for the population to graw estimatedcarrying capacity levels

from plannedinitial populationof 160 individuals wit no predation?

b. Whatis the maximunievel of continuous predatiothat could be endured with
continuedmean positive population growth by differemtitial population sizes of
Partula?

c. What magnitude or probability afatastrophic eventsan an initial ppulation of 1500
individuals within a classic reserve withstand to maintain viable populations for 7.5

generations?

d. How do translocations frorax-situ populationgncrease the probability of maintaining

classic reserve populations for 7.5 generations giveese catastrophic everits

3. Do current management options deliver potentially successful reintrodiRagtlla

populations given the theorised predation parameters within which they are likely to work?

a. How effective are classic reserves in maintaininguetxand growingPartulid

populations?
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Tenmodels created to act as example populations showing a cross section of the

likely potential outcomes.

Each model forms a mefaopulation containing two reserves randomly parametised

through the results of earliemodels.

The model is based on a structure where the initial population of 160 individuals is

joined by a second population after 52 week, and is run over 7.5 generations.

How effective aréArboreal or Mapeeserves in maintaining extant and growiRgrtulid

populations?

Seven models created to act as example populations showing a cross section of the
potential outcomeof the arboreal strategySeven were chosen because a higher
number of models would not significantly increase the reliability of theseltesuntil

new data is available

Each model forms a mefaopulation containing 9 reserve populations each

randomly parametised through the results of earlier models.

The initial population is seeded with 160 individuals at the beginning of the model.
The ate of continuous predation for this population has been relaxed to once every

10 weeks so the further strategy can be visualised.

The model is based on a structure where the initial population sequentially seeds
new populations through translocation, whéine original population is above 1000
individuals. Translocation of 200 individuals to other reserves continues, until the

receiving reserve reaches 500 individuals.

To account for the vulnerability of small populations and the assumption that
additionalmanagement strategies would be put in place for them continuous
predation has been limited based on the size of Betulapopulation up to 1000

individuals.
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4. RESULTS

4.1 How has extinction risk varied for

Partulasince 197%

Figure 4.forms acomparism

0.5

E rosea Model Assessments
essments

between the IUCN RLI fBartula UCN Red List Asse

starting fromthe first Red List

0.4

assessments ih994, and the
modelledPartulaRLIformed from the

E.rosealispersaimodel, beginning

0.3

RLI

with the first records oE.rosea
distribution identified within the
literature in 1984 One can identify
that the model RLI suggests a close \
correlation with the IUCN RLI during s

0

the latter stages oPartuladecline,

with both remaining stable since 2002

0.0

1985 1990 1995 2000 2005

From the baseline set in 19/the vear

E.roseanodel suggests an énease of
o _ FIGURE.1¢ Acomparison between thBRLI formed using th.rosea
extinctionrisk of47.59%by 1984, with dispersamodel(Greenjand IUCNRLI(Red)
figure 4.1showing a furtheincrease , , ,
RLKformed using tle E.rosealispersal model, N = 143 genuine statL
between 1984 and 1996f 48.96%. changes fron61 Partulaspecies

figure 4.2represents the range IUCN RLN =73 genuine status changes from Bértulaspecies.

expansion oE.rosean the first
inhabited island, Tahiti in 1974, and the last, Huahine in 1993. From it one can vitualiate of
dispersal oE.roseawhich by 199@®ccupied over 90% of Tahiti, an increase of T@¥n 1984; and

The range jon of E.rosea on hil |

|

§888883

g3

g
BNE00003

WEREEEOON000000
§§33eeanguaas

[ ]
]

[ 1999

FIGURE 4.2 Range maps depicting the range expansiok.obseaon Tahiti and Huahineédppendix 1)

40% of Huahine after its introduction in 1993.
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TheE.roseaates of dispersal used in this study fail to explain a certain quantity of themiapfound

within and between the Society Islands. An example of this is the species range expansion acrgss Tabhiti

the documented position of the spread between 1984 and 1987 is far beyond the dispersive capabilities

of the snail Figure 4.2 Afterthem by 1 Q& G KS dzy S EH.dbseadtopsIrkheSac@tyJSNAE | £ 2 F

Islands, with the exception of a translocation to Huahineasen 1989 and 1993

4.2\What are the factors causintihe observeddecline and how do the factors interact?

Figure 4.3dentifiesthe RLI

produced using the agricultural

0.6

expansion model in comparison to

the RLI from thde.roseanly

0.5

model. It shows an increased

Agricultural expansion model

= [T

impact onPartulidpopulations from

agriculturalexpansiormodel from

0.4

1984 to 1987when compared to

the E.roseamodel. Theagricultural

RLI

expansion model assessments in

1984 (Table 4.) show a range of AN

0.2
&

Partulidthreat status whereashe ] NG

E.roseanly model assessments for N
Raiatea in 1984 are all assessed to - N
be Vulnerablethis isreflected in

the differencein RL(Figure 4.3

0.0
]

One mustrecall at this pointhat

. . 1985 1990 1995 2000
the agricultural expansion model

Year
includes the predation pressure of

E.rosea However, theagricultural FIGURE 4 @PartulaRLormed from theagricultural expansion model

expansiommodel assessments in (Red) compared to theartulaRLIformed using theéE.rosealispersal

1984 do notresult ina single model(Green)
extinction(Table 4.}, and itis only RLIformed using thée.rosealispersal model, N 89 genuine status

with the introduction of E.rosedo changes from 3fartulaspeces RLIformed using thegricultural

that model that initiates the expansiormodel, N =75 genuine status changes frod4 Partulaspecies
SEGAYOGAZ2Yyd (KNRusaK UKS WMEyImwa Ty K
M b cp AEpandix 2)
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TABLE 4.1The stats of
Raiateaspecies following
modelling the effects of

human impact in 1984.

Raiatea
Species

P.atilis
P.auriculata
P.callifera
P.candida
P.cedista
P.citrina
P.crassilabris
P.cuneata
P.dentifera
P.dolichostoma
P.dolorosa
P.faba
P.formosa
P.fusca
P.garretti
P.hebe
P.imperforata
P.labrusca
P.leptochila
P.levilineata
P.levistriata
P.lugubris
P.meyeri
P.navigatoria
P.ovalis
P.protracta
P.radiata
P.remota
P.robusta
P.rustica
P.thalia
P.tristis
P.turgida

P.vittata

1984 Red List
Assessment

CR

CR

VU

CR

vu

CR

CR

CR

CR

CR

vu

EN

CR

CR

CR

CR

CR

\4V)

\4V)

CR

CR

CR

\4V)

CR

CR

CR

CR

CR

CR

CR

CR

CR

CR

\YV)

4.3 Canthe current re-introduction and management sategies
provide asecure bng term option forin-situ Partulid populations?

2. Has there been agnificant reduction in theorised extinction
pressure caused Wy.rosegredation since the extirpation aif-

situ Partulidpopulations?

E.rosegopulationsare estimated to have been between 104 and 995
individuals pePartulidpopulation. This is shown figure 4.4where
population sizes dPartulaareinferred from museum collections.
Current abundances now identified as highly variable taeen sites
with a maximunpopulation ofEuglandinaof 9and a minimum of per
Partulidpopulation (Appendix). However, thiddecrease in predation
pressurehas not been reflected in the IU@NrtulaRLI which remains

at the same poinas in 2004Figure 4.}

400 600 800 1000
I I I I

E.rosea minimum population size

200
I

T T T T T
2e+04 4e+04 Be+04 8e+04 1e+05

Partula population size

FIGURE4.4 ¢ Result of Model 1 l®wing thepredation pressure in terms of

requiredE.rosegpopulation size to create 0.95 probability of Partula extinction i

years (1.5 generationshll stages of Partula are equally affected in this model, €

the estimations used foEuglandingeeding rates are shown iyppendix 8

2. How could the current predation pressure interact with surviving
or reintroducedPartulain isolated pgulations and what are our

management choices within a single population?

a. What is the time taken for the population to graw estimated
carrying capacity levefsom plannedinitial populationof 160

individuals with no predation?

A population of 160 ingiduals has the potential to reach theorised

carrying capacity populatn sizes within 3 year§éble 4.2.
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b. Whatis the maximumevel of :
TABLE.2¢ Results of model 2&oking at the rate of growth

continuous predatiorthat could be . . L
P from a starting population of 160 individuals

endured with continuednean positive
population growth by differeninitial Target population size Mean number of weeks to react

] ) target population size (x1[3
population sizes oPartula?

500 72 (54-103)
Figure 4.5dentifies thatpopulations of
o 1000 132 (116167)
Partula below 500 individualsare
1500 165 (140198)

vunerable given minimal regular predation
by Euglandina,with populations below 250
individualsshowing no capability of withstanding any regular predatiPopulations of 2000
individuals and above are able to survive even the highest levels of predation found withiT ahit
study sites today (Appendi®.7 The predation rate peE.roseaadult comes from the estimates in
(Table 4.). PreferentialNewborn and juvenile predatiomas a greater impact on the population than

adult predation

Predation on all stages

Only predation on adults
e _— o

nly predation on juviniles

Number of E.rosea
6
1

T T T T
500 1000 1500 2000

Partula population size

FIGURE 4 &Results of model 2bhewing the levels of predation per week that still allBartulapopulation

growth with different starting populations.

c. What magnitude or probability afatastrophic eventsan an initial population of 1500 individuals

within a classic reserve withstand to maintain viable populations feigénerations?

When the magnitude gbredation is limited to 50%andoccurrences belowonce per yearthe
probability of contined population survival after 9¥ears is over 999 able 4.3. If these
parametersareincreasedelevated extinction risks the resulf with half of thesescenarios resulting

in complete extinction.
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TABLE.3¢ Results of model 2by utilising aQuazi extinctionomeasure (1 showintiat all populations become
extinct O that all are extantive can begin to identify thextinction risk over.5 generatios (9.6 years), given
varying parameters of catastrophic predatidrhe initial poplation ofPartulais 1500 individuals.

Approximate number 4 times per year 2 times per year Once per year 0.5 times per
of catastrophic events year
per year

Magnitude of
catastrophic even(%
of Partulalost)

50% 1 0.9954 0.6359 0.0984
70% 1 1 0.9664 0.6128
90% 1 1 1 0.9402

d. How do translocations frorex-situ populationgncrease the probability of maintaining classic

reserve populations for 7.5 generations given these catastrophic events

Table 44 shows the outcome of the same models as showtabie 4.3(Model 2c)with the addition
of 10, 50 or 90Partulatranslocated per yeato the hypotheticalpopulation.There are some
increases irsurvivorshipwith the largest improvementshown at70%predationat 0.5 times per
year and 50% at 1 time per ye&ith Ninetytranslocated individuals per ye&0% at 0.5 times per
year shows a reduction in quagxtinction of over 6%.Ninety individual translocations have

therefore been used in model 3a.

TABLEB.4cResultsof model 2dSda A 3y SR (12 ARSY(GATeE K2 gexsitSLIDDdH IRG Al

bolster insitu stock, and whether it is a potentially successful method for mitigating risk.

Magnitude of 50% predation 70% predation 90% predation
event

Likelihood Twice/ | Once/ 0.5/ Twice/ Once/ 0.5/ Twice/ Once/ 0.5/

year year year year year year year year year
No additions | 0.9954 | 0.6359 | 0.0984 | 1 0.9664 0.6128 1 1 0.9402
10/year 0.9945 | 0.5914 K 0.0813 1 0.9%611 0.5884 |1 1 0.9357
50/year 0.9819 | 0.4478 | 0.0472 1 0.9424 0.5125 | 1 1 0.9220
90/year 0.9628 | 0.3429 | 0.0310 1 0.9163 0.4529 1 1 0.9049

3. Docurrent management options deliver potentially successful reintroduRadulapopulations

given the theorised predation parameters within which they are likely to work?
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a. How effective are classic reserves in maintaining extant and graRanglidpopulaions?

Classic reserves have been associated in this study with catastrophic predatien than
continuous predation and so the values of catastrofhable 4.5 have been based o@2c with the
removal of the 90% magnitude of catastrophic predationgpaeter due to its unsustainability.
Continuous predation has been included within the model, but at the lowest parametised values

because of the theorised impact of this strategy on this form of predation.

These parameters were randomly

selected for thamodels shown in TABLE.5¢ The parametised variables ftire classic reserve models

. . . within Q3a. Values have been developed from Outcom@si@sions 2c,

figure 4.6(Appendix 6).The fir )
gure 4.6(Appendix 6).The first 2d and Appendix.7

populatiors have an initial quazi

. . . Carrying Number of time Number of Magnitude of Likelihood of a
extinction risk range of 0.2; capacities steps per E.roseger | catastrophic catastrophic
h f h f continuous predation predation predation

owever, after a year the range o predation event event event event/year
risk has increased to over 0.6. This
500 4 0 50% 2-0.0385
indicates a dependence of each
) 1000 6 1 70% 1-0.0192
modelon the succesef the first
. . 1500 8 2 0.5-0.0096
reservepopulation through the first
2000 10 0.1-0.00192

year(models 36 and 9. Due to the
range in extinctia risk shown by
these modelsit puts into question the reliability of the mean as a representation of the true

outcome.

1.0

Model 1 RPN S g—_g}jg_gtaﬁrﬁ-{:}

o O—a—6—C
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Model 2
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— e
—F2
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FIGURE 46Results from Questiora3comparisons of the mearugzi extinction risk over time of the ten classic
reserve models.
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Wherefigure 4.6showed the importance of @nfirst year orthe outcome of the populatiorfigure 4.7

shows the change in outcome the second introduced population can have on thepoptgationas a

whole. Fa example, models 3 and 9 shanendency towards decline in the first year but after the

introduction of the second populatiostabilise

Model 1
Madel 2
Model 3

Model 5

Model 8
Model 9
Madel 10

Population size

Time (weeks)

FIGUREH.7¢ Results from QuestioBa, comparisons of the mean population trajectory over time of the t
classic reserve models.

The amemodels were run a second tinveith ex-situ populations providing the theorised

translocationsof 90adultsPartulaper year as parametised in Model 2ds long as the population

remained above 150hdividuals Figure 4.8. By the 200 week point fiigure 4.8 8 out of 10 models

had achieved populations over 500 individuals, with only temeling toward extinctionwhereas

figure 4.7identifies only 5 populations above 500 individuals, with thresdiag toward extinction.

There is also a sign of population stability after 200 weeks after which translocdtiamst continue

that positive trajectory

Model 1
Model 2
Model 3

Model &

Model 8
Model 9
Model 10

Population size

Time (weeks)

FIGURE 48Results from Question 3apmparisons of the mean population trajectory over time of the te
classic reserve modedsth a translocation of 90ndividualspervear.
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b. How effective argheorisedarboreal (Mapeyeserves in maintaining extant and growing

Partulidpopulations?

Arborealreserves have been associated in this study withtinuouspredation rather than
catastrophigpredation, so catastrophic variables have been set to a level that has a low impact on the
population as identified by model 2c. Continuousiables are based on the likely predation pressure
identified from the field data used within Model 1 (Appendix 7), and the parametised outcomes in
model 2b.

TABLE.6- The parametised variables for the classic reserve models withir
Q3b. Values have been developed from outcomes intiQne4, 2a and 2b

Here the 7 modelsontain9

possible reserveopulations

Appendix 7.

and asn Model 3a each
Carrying | Number of time Number of Magnitude of Likelihood of a
populatlon withineach model capacities steps per E.roseger catastrophic catastrophic
i continuous predation event| predation event predation

was randomly assigned predation event eventlyear
parametersfrom table 4.6 500 0 3 20% os
(Appendix 6)

1000 26 4 50% 0.1
Figure 4.%hows the Mean 1500 18 5 0.05
Quazi Extinction of the 7 2000 13 6 0

models with the exception of

Model 7 show a Quazi extinction risk below 0.1, implying relatively stable and robust meta
populations. The increase in extinction risk for model 7 is greatest during the first years of
reintroduction, suggesting the elevated extinction risk comes from the paramefi¢ghén the initial
populations.Figure 4.1&Ghows strong increases in all mgiapulations throughout the projected 9.6

yearswith the minimum mean population of 1000 individuals.

06
|

Model 1
Model 2

Model 3

0.5

Model 5

Model 7

04

Quazi extinction risk
0.3
|

0.2

0.1

0.0

0 100 200 300 400 500

Time (weeks)

FIGURE.9- Results from Question 3bpmparisons bthe mean quazi extinction risk over time of the sever
arboreal reserve models.
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5. DISCUSSION

5.1 Question 1:How has extinction risk varied foPartulasince 19757

5.1.1 The islanddseline formation and populations pre 1970

When consideringhis baselinen more depth it is importanto grasp that islands represeabme of the

most degraded systems in modern conservation. Many Pacific islands have been inhabited for over 1000
years, and therefore baselines geti KS My nnQa | ytRtions.dis fikelyithakour@8nple A Y A
species were abundant throughout the Holocene basedlglltrade and translocationf animals (Leet

al, 2007a)however, at present we are unable to verify this through quantifiable means.

Partulaspecies show neignificant signs of declifegS 1 6 SSy (KS mMycnQ&a FyR wmpTnQa
number ofcollectiors andpresence in thescientific literature However, the impact from human

population growth wilhave severely reduced range in some coastal populatiofable 41). Further

analysis is likely to uncovargradual deterioratiomf these affected populationthrough waves of

political and economic change over 500 years (Appefidix

This baseline iar reaching for a terrestrial invertebrate genusit there is potentiato create
incorporate it into arecosystemsbaseline usingthe records offaunal and floral communitiewithin the
scientific(Rolett 1992; Kennett et al 200Gand archaeologicgBinoto and Coy 1978)erature. Islands
represent envionments which have @ue starting point for humarhabitation,from 1000 AD within the
eastern PacifiqKennettet al, 2006)) Thiscanact toreduce the complexity and gisa true baseline to

measure against if verified by multiple sources.

5.1.2The Bst 1975 decline

ThethreeRQa gAGKAY KA & )shinwdaRapid deteriomtiaNi® siatus obthess8 islaho
species from 1984 2002, and significant reductions in range compared to the 1975 baseline. It is clear
that the introduction offuglandinacan be attributed to the extinction dPartulaand should therefore be

the priority of future management action. However, agricultural expansion had a significant impact on
Partulidextinction risk prior taE.roseantroduction and through the 1 n ®igureat.3. With agricultural
expansion continuing to this day (Appendix 4) one should consider developing strategies to mitigate for

these effects.

5.1.3The story since 2002

Euglandinéhas spread to cover all islands within the group by 2002 rémiains excluded from higher
altitudes (Figure 4.2, Appendix 1). This correlates with stability in the three measurestofaRLI
(Figure 4.1,4.3). There is anecdotal evidencdieback and resurgence &uglandinaon seveal islands

in the archipelgo, andspecies such a3.hylinahave formedsmallresilientpopulations in close proximity
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to the predator.However, a change to the RLI may occur in the years to come due to the apparent

instability of the remainingdp.affinispopulations(Coote Pers. Cam.).

Recent studiesuggest that for certain islanghe conservation breeding programme has maintained a
significant level of genetic diversity within captivityavingconsiderableotential for future

reintroductions (Le@t al2007b)

5.2 Question 2: Wiat are the factors causinthe observeddecline and how do the factors interact?

5.2.1Agricultural expansion

Agricultural expansiohasa particularly strong effect on thRed Isting of island species through EOO

(criteria Bla and B1b) due to the smalhge sizes involved.

Placing laneluse change within political context can give a better idea as to the ecosystem changes over
this time (Oates and Rees 2013). Tinegnitude andrequencyof agriculturalexpansions are@nportant

when considering extinctionsk through time, and can vary from island to island depegan land

tenure arrangementsLanduse change is often sporadic, witblitical moves to release land or

encourage change in agricultural practices through sub$agning cycles of up to 5@ears.This is time
enough for the downwarevaluation of a species from high risk (Critically Endangered) to low risk (Least

Concern) creating little biological consequenceaitty new laneuse policy in the following years.

On islands wherehanges in extction risk are finely balanced (Figure 4.3), themast bean evaluation

of the effect of futurepolitical priorities before downwardssessments of extinction risk are made. The
records of thoseevaluationsshouldfurther inform stateagriculturalpolicy. Polynesian agriculturis

largely castal, with expansion moving inland over time dependant on crop. This makes the impact
predictable at the macro scalalthough there will be significant differences between ardas to

variations in rock formatiorsoil depth, aspect and shipping access. On a micro,daatein Polynesia is
tenured and therefore gives a complex patchwork of theoretical ownership; however, the availability of
government schemes and the general use ofeottocal plots should againr@videa significant predictor

of future change.

5.2.2Invasive species

At the height of theE.roseautbreak | have estimated that the total predation raten larger islandss
likely to have exceede®00,000Adult Partulaper day (940,00 .roseagxtrapolatedfrom Figure 4.4). In
Hawaiiit was observed thaafter release in 1955 ollectorswere able to harvest 12,000 individudhs
1958 Hart, 1978) only a proportion of the total population preseritvasives will often maintain this
pressure over aignificant period of time through generalistedation with abundant endemic species

and other invasive specissistaining large populations
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The level of destructioraused by an invasive predator maybe linked todte of dispersathrough
islands In the case oE.roseagiven its comparativeliow rate of dispersaforms a continuous wave
(Figure 4.2)whichallows darge uniformrise of predation pressureequired to cause extinctiofFigure
4.4). Other invasive species disperse more rapidlythedefore and may not form thigontinuouswave,

thus potentially creating a different extinction pressure than identified here.

ForPartulids location seeminglylenotes speciesurvival Wide spread species antdose with high

altitude range(Gerlach,1992)sustain extant populations. In additiorfi,an area only maintains occasional
exploratoryEuglandinaPartulidpopulations are likely to survive indefinitely provided mitrabitat

stability. diff top and tree top habitats seemingly maintédartulapopulations long after the predator
invasion and may provide a mechanism for future reintroductower to predict the presence of these
habitat patches is required, an@weral extant populations have been logged over the last 15 years, but it
is difficultto find environmental correlatedue tospecies microhabitat requiremengnd inaccuracies

with remote sensing on islands.

5.2.3Human invasive interaction

Through the dispersal &.roseabetween 1975 and 1993, one could theorise that islaactsmoie in
terms of a continuous highwdan isolated land masses. Government introductions brolgjhtseao
the islandshut its dispersal throughout the island chamfar beyond the capabilitiasf the species

(Figure 4.2, Appendix 1) and would have beeabled bylocalpopulations

The observed dispersal may be due to encouragement by local agricultural stakeholders, but may be
better explained in some areas through enterprise or government pressure, because of difficulties
identifying, collecting, andauriering the species. By 1990 the rapid dispers#él.adseaends in Society,
with the final translocation oE.roseao Huahine between 1989 and 1993. Further studies of the
attitudes within farming communities oBuglandinagboth now and at the time, aligside more general
cultural understanding of mollusc species, wogideaninsightinto human dimension of invasive

movement.

Quantifyingthe magnitude of movement in terms of people and trade betweaad within islandsis
essential to conservatiomistance betweenslands, magnitude of boat traffic, trade agreements, shared
(colonialis) historyand proximity to shipping routes could act as predictors to model future kigkal
knowledge or attitude to the invasive species concerned could also higkkgbnential increases in risk
through active human translocatiotf.an invasive species hpspulatedone Islandit either has the
human support or invasive capacity to move throughout an archipelagsing these routes quickly will

reduce the evental extinction events.
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5.2.4 Key elements d¢fartulidextinction

1. Politicalincentivesencouragedhe movement back to rural populations throughbsidy because
of economic instability and the fear of an overly urbanised population. This acted to bodagecr
the area of land used for agriculture and emphasigexdblems within island agriculture

(Lissarchetina fuliga

2. Once present on the islands of Tahiti (1974) and Moorea (187 )ag period folE.rosea
population growth was approximately 3 yeaEsploratory E.roseavould then have begun to
spread from agricultural land release sites, but would have beeahl® to have a significant
impact on largdPartulapopulations (Figures 4-6.7) several months of predationould have

occurred with little impat onPartulapopulatiors.

3. Fecundity is significantly associated with food availability and feeding efficiezigiandina
(Gerlach 1992), cairg) these exploratorfeuglandinao lay high density clutchesear mollusc

populations

4. New-born Euglandinahatch and grow quicklfAppendix 8)n favourable lowland conditions

exponentially increasintipe predation pressuren all mollusc species.

5. Low motility, terrestrial micrenabitat usage and high population density would have been

significant disadvantagdsr a number ofPartulaspecies making them vulnerable to predation

6. Random searching arekploratory behaviour by aduEuglandinadn high density populations
moves the wave forward in a continuous fashibtigh density populations amaintaineddue ©
the randomsearch behaviougrather than single directioof flow), and this high remnant

pressure could have removed the more resili®atrtulapopulations.

7. On several islands the spread is likely to have been enabled by local faexgesning the
sudden jumps irE.roseanovementalongcoastines Theseare likely to be small transports af

few snailpassed or sold by farmeezross the islandsreating a series of extinction events

8. Partulidextirpation and onward search behaviourByglandinacan be estimated at taking under
a yearfor most major populations of Partula.HE high densities of E.rosea would have remained
for several yeargreating a continued extinction pressure for the remaining low density Partulid

populations.
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5.3 Question 3: Caithe current reintroduction and management shtegies provide a secur@hg

term option for in-situ Partulid populations?

It is important to state at the outset of this discussion that the results and initial work here is purely
theoretical, and each aamption and parameter require further testing. Howeytire process does allow
the identification of key questions and can direct the focus of future conservation action and

experimentation, making both the process and outcomes scientifically valuable.

5.3.1 The state of the islands

Having an understanding of the historic densitieEabsegopulations(Figure 4.4)we can begin to
identify where we are indrms of the current outbreaks. Current estimates (Appendiwt@n compared
to historical estimategFigure 4.4 show a decline in predatigoressure Fluctuations in abundance do

occur, butas yet there are no examples of uniform rises or rises to immediateipteduction levels.

The introduction ofPlatydemusnanokwari(Table 1.2has real implicabnsfor conservation action

There is no evidence currently of this invasive having a significant impact on extant mollusc species in
Society, and its population densities seem elusive at this tihghares aimilar mechanism of detecting
prey asE.roga, andmay have aversions to similar toxins. For the sake of this discussiershould

assume that iEuglandinas mentioned thatPlatydemuss also inferred.

5.3.2Predationon the Society Islands

Partulahaveseeminglyundergonea significant adapt#on to island and arboreal life process being
oviparous, andherefore havinga comparably low fecundity fanollusc. Thisdoesnot make them
unable tosurvive alongsidthe currentlevels of predation identified througthe study site survey

(Appendix7), orif populations are large enougFkigure 4.5.

Small population vulnerability can be observed in the field whagulidsare now found in small
(maximum 200), apparentlynstable populations on Tahiti and Moordagure 4.5 shows that with
minimal predation a population will show little in the way of growth and may explain this long term

unstable nature instead of the growth otherwise expected (Figure 4.4).

5.3.3 Predation in classiegerves

A classic reserve is designed to stop all incursionsuizgan formed barriers, and must encapsulate the
necessary microhabitat variation to gain a significantly high carrying capacity. The barriers utilised to date
have acted as effective deterrents agaiistosedancursion but do allow breahes to occur. Geder

predation densities creata greater probability of incursion, especially if variable environmental

conditions reduce the deterref effect. The inner sanctum of the reserve itself represents prime habitat

for EuglandinaThe presence of sufficientlyigh densities oEuglandinavould cause a catastrophic

predation event.
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The catastrophic predation event itself is poorly modelled through this, B¥gause of the time frame of

a catastrophic event. A catastrophic event is theoretically made tipreé phases;
1. Incursiong A breach by a number of predators or a single gravid female.
2. PredationPeriod¢ Time until incursion event is detected.
3. Removal Period Time untilfull invasive removal and barrier repair.

PVArelies on weeldong time steps and assues that the event occurs in one time step alone. In reality
both the predation andemoval periodsvould take a significantly longgeriod of time.lt is important to

note that the Moorean reserve was never effectively repaired aigpsedncursion

Gwen that populations of 1500 individuals can recover from incursions that remove 50% of the
population every 2 years (Table 4.3) we can develop cost effective management mechanisms to mitigate
in-situ population extinctionThrough the collection of fieldata, the population densities dEuglandina
around the reserve could be established. If this information waegavith anestimateof the barrier

failure rate, itcould allowparametisation of reserve monitoring, based on reducing these catastrophic
eventsto acceptable levelsTime taken to cause a 50% percentage population loss can be estimated

through the further studies of predator biology and density dependant feeding.

5.3.4Mape reserves and predation

Arboreal @ Mape reserves may havedéferentimpact on predationEuglandingoredation relies orthe
ability to locate prey througlslime trail, and although this speciedasgely identified as terrestriait
regularly climbs trees in release regiogs/en the presence of a prey source (DavisePand Bennett,

2004)

TheLINE R I chioddR@ath depends on the presence or absence of a trail; so the likelihood of an
unsuccessful search in trees increased. This is due to an increased number of choice paths and larger
surface area compared to thterrestrial environmentA population ofPartulacould be thought of as

maintaining a series afiscreted & dzB LJdzf | 0 A 2 YA 2 ¢ ¢ AWKS YLINE DOING AVTOKA Y 32 T
LJ2 Lddzf F A2y ¢ LINBRFIGAZ2Y O2dzZ R 0SS | doreyandpretldoRand a = (0 K
distance between those links, multiplied by the numbefalfow-able trails present past each branch link.

In comparison to the classic reserve model it represents a greater area to search, a less homogenous
structure, a series of vang choice search options, and a structure that is hostile to predator breeding

behaviour.

A catastrophic event is unlikely to occur firstly becausth@branching effects described above,
secondly a lack suitable egg laying habitat, and thirdly acedisurfaceof the trunkin contact with the
ground in comparison to a classic reserve, thus creating a lower likelihood of disdogésgad predation
events are more likely to take place due to the continued presence and search behaviotrsea
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Onemust note thatcrossovers of tree branches and vines provide a number of different links between
G & dz» LJdzt | ( Raguwaark dinks2b&tween other shrubs and trees offer differing pathways to the

canopy which mayalter predation efficiency.

It hasbeen theorised that the trunk and branch surfaceMdpetreescould reduce predator efficiency by
inhibiting trail location and thereforeO 2 dzf R NBX RdzOS (G KS LJ NI YSHid aSR a02yi
inhibiting effectmay counteract the population declinagsed by minimal predation on populations

bellow 500 individuals (Figure 4.5ptpntially creating a series of securesitu source populations.

5.3.5 Comparative outcomes for models

The results highlight the reliance on a stable initiagita populaton to a successful outcome (Figure 4.6).
You can see that when the initial population has lowered predation parameters in the Mape reserve
strategy that the outcomes of the strategy as a whole appear less varied (Figure 4.9). One option to
counteract thisaffect is to focus management strategies on the first population, dedicating a greater
proportion of funding to the preservation of this initial stage. As yet we are unable to state which of the
reserve types provides a more stable initial population &mther experimentation would be required to
establish this.

Translocations are represented within both the classic and arboreal reserve models and appear to provide
a variety of mechanisms to reduce the extinction risk. The classic reserve modelsptdise

populations in translocations where the arboreal reserve models usédurpopulation.

In the classic reserve model, one can identify that even the addition of a single population could
dramatically alter the outcome of thesitu strategy (Figwe 4.7). Yearly translocations of 90 adults

(Figure 4.8), showed a tendency to increase the probability of maintaining a stable population during the
9.6 years, as well as increasing the rate of population growth (Figure 4.8). However, if predation
parameters were too high causing continued decline, or after 4 previous translocation events,
translocations have little consequence on the population trajectory, in the second case due to the

population reaching carrying capacity. One would suggest that aptiig translocations should cease.

Arboreal reserves use-Bitu translocation to create and bolster new populations, spreading risk and
allowing the growth of projected metpopulations to over 3000 individuals (Figure 4.10). Although more
prolific thanthe reserve model, through a higher megpapulation carrying capacity, it does still require a

stable initial population maintaining 1000 individuals or more.

To create a successfulsitu strategy one could suggest that continueesitu and exsitu translocations
beyond initial populations are required to increase the likelihood of long terraitinmetapopulation
survival. A strategy utilising esitu translocations to ensure an initial population of 1000 individuals and
in-situ translocations to crate and bolster the new populations could be a potential mechanism for
reducing extinction risk throughout conservation action.
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Spreading risk provides a method to reduce extinction risk, and with the abundance of Mape trees
available on Tahiti, the arboatreserve strategy provides a more cost effective mechanism of producing
multiple reserve populations than classic reserve only strategies. Again the appropriate mixture of the

two forms of reserve may provide the best medium term option.

5.3.6CarryingCapacity In all Reserves

Looking at historical accounts Bértulg as well as the extant populations, the group seemingly rely on
particularly favourable microhabitats that support hyper abundance. We are currently unable to predict
these features to a pwerful degree, and are likely to overestimate the effectiveness of homogenous

habitat.

The Arboreal reserve has the advantage of availability; Mape trees have a wide range across all Society
Islandsand would therefore allow the reintroduction of eachesyes into its original range. It is

imperative that the species concerned can survive and reproduce on Mapdispersal of initial

populations will ultimatelycauseextension Variation in the usage of these plantsPyylinaand P.clara

is observed ithe field (Coote pers comms), wikhclarashowing a greater affinity to the Mape than its

close relation.

Classical reserves rely on the correct selection of habitat beazfube restrictions of placement. This
form of reserve has produced natural befaurs and breeding behaviour ashown in past reserve efforts

(Cooteet al, 2004) but the densities it allows is questionable.

The key problem with either form @&introduction is gaining the stabjgopulation of over 1000

individuals allowing regularanslocations to occur (Figure 4.10)

5.3.7Density dependence

Gerlach (1992) does quantify the effective rates of predatiok bgseawith different levels of prey
abundance. There is potential to incorporate this more fully into model structure, aradtampt was
made through the increased rates of continuous predation Wisintulidpopulation growth in the Mape
tree models. This could have a big impact on the achievable rdarntdlidpredation and therefore

overall success.

Theoretically this is Ask to large population size, because it could be a trigger of a catastrophic predation
event through increase fecundity and hatchling survival in predatory species. At present it is unlikely that
Partulidswould reach such a level as to significantlgeaihe density of food resources for predators in

release sites, the effect of this should be mitigated against through the use of translocations.
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5.3.8Getting the first population right

At present there are too many unknown factors to directly predibich form of reserve will give the
better first population outcomeWith aurrent introduction levels of 160 individuals it is vital that
predation israre, at present his ispossible within both the classical and arboreal reserves given that they

meet the following criteria:

1. Carrying Capacity A carrying capacity of over 500 individuals is required for further management

process to safely take place and over 1000 individuia&erred (Figure 4.5).

2. Predation protectiort, predation is reduced to a oega month occurrence at mostyith

minimal numbers of animals taken (Figure 4.5).

To reduce the risk that is attributed to waiting for the growth of this initial population a strategy can
incorporate some of the parameters identified from this study. Blysing a larger number of snails
within the founder population, or utilising the capacity of-siu populations to regularly translocate large
numbers of individuals one could reduce risk of decline through predationgdeardatically reduce the
length oftime taken to gain furthepopulations.As an alternative increased investment in management
of initial reserves or the barriers surrounding reserves could potentially offer similar outcomes over a

longer timeframe.

The strategy still relies on the unknownfcarrying capacitypoth for classic and arboreal reserves; only
in-situ experimentation can form the basis of better parameter estimates. Experimentation with more
natural reserve types such asMapetreesshould also be encouraged to give viablegdarm

management scenarios
6. CONCLUSIONS

When looking at the future of islands in conservation, it is imperative that we can take into account the
historical ecological relationships and abundances that would have produced the remnant habitats that
monitor today. In doing this we can begin to highlight actions that could both increase extinction risk, and

mechanisms measuring and counteracting those changes:

1. Islands may have had an isolated past oMy are often as well connected as continental shelves.
SoO | f f unBn laind bridges ¢  Yifat-extinction evets rarely happen in isolation.
Quantifying this risk will bkey topredicting future invasionwhere associations between
invasives antboattraffic, trade and local reactions will provide predictas§ future movement

Modelling these associations should be considered a priority.

2. Extirpations through invasive species dtesoretically reversible because of the dramatic declines

in invasive predator numbers aftértroduction. This is tyen that the ermlemic can be returned in
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high enough population densities to reduce impaatd the predator is not so specific as to

preferentially hunt the island species

3. Extinction risks through direct human impacts on islands (agricultural expansion) are easy-to over
estimate withincurrentextinction riskirameworks due tofine limits of abundance and range. It is
difficult to reconcile this riskbut it can be predicted and thus become a greater part of policy

formation alongside a comprehensive understanding oftiae diversity.

4. Changes in subsidisation of agriculture, mining and manufacturing can have relatively sudden
impacts on island species. However, there is a level of predictability to these changes, and horizon
scanning alongside a historical view of podil incentives, will give a stronger lobbying position in

policy for species involved.

5. Many of the species now left on islands have sustained human interaction for centuries, and
would be able to sustain further pressure as long as future pressurestdureferentially or

efficiently targeted the species or its habitat.

Furtherhistoricallyabundant speciesland baselines amequired,to quantify the impacts of extinction
pressures in terms of ecosystenislands are currently hindered by relativelgomplete environmental

data and satellite imagergreating real difficulties when considering them as study siesl the current
movement in conservation toward ecosystem service provision is likely to cause the future exclusion of
islands from fundingources However, islands present excellent experimental grounds for studies into
extinction risk through climate change and other pressures if the baseline ecology and historic changes in

extinction risk are quantified.

When considering theaintroduction of Partulg investment into irsitu conservation action sulnerable

to minimal return, because of currentiyn-quantifiedrisk Our current inability tadentify true carrying
capacity, reserve predation rates, or the impact of a renewed food sourqaedators can make

theorised strategies seem unclear. Below are findings from this study in terms of potential requirements
to produce successful populations and the further parametisation that needs to occur to more fully

understand the dynamics éfartula reintroduction

- The first population is where rapid variation in extinction risk is present. There are possible
explanations for both proposed reserve forms as to how they can effectively reduce this risk, but
other mechanisms such as the utilisatioha large initial population (approx. 500 individuals),
regular translocations of increased investment in management or barriers are suggested to move

past this stage.

- 500 or more individuals are required for a colony to sustain continued predationyyeessth
continued growth, and a population of 1000 individuals is required to act as a source population
for further expansion.
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- Carrying capacities in currently parametised reserves must reach beyond these levels, as is

expected in current ifsitu plannirg.

- E.roseasurrent density is far below that predicted during the introduction with variation in

density observed within at study sites.

- Both proposed forms of reserve have potential to maintain sustainable populations they work

within the parameters show.

- Given the estimated probability of predation it is prudent to look to form a number of populations
over a wide area, incorporating predictions of future lamgke change and where possible
mitigating for climate change in our reserve placement. Thisocéyibe achieved using a more

natural reserve form such as the arboreal reserves.

This is an unusual programme because of the accepted threats faced, but the study organism itself holds
great potential to overcome the current barriers in place. We hauhing to lose by testing out our
hypotheses with these species because of the securitgarfyex-situ populations The number of

species available to work witheansthat there is the potential to rum variety of irsitu experiments at

one time through a adaptive management programme designed to quickly identify successful reserve
forms and management practises beyond our current limited outlook. By incorporating some of the
parameters identified here into current management thinking, and strengthertiegekperimental

evidence behind those parameters that are currently poorly quantified, future management planning can

have a strong long term vision to match the-stu breeding programme.
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