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I. ACRONYMS AND DEFINITIONS 

 

EOO - Extent Of Occurrence 

RLI - Red List Index 

PVA - Population Viability Analysis 

IUCN - International Union for the Conservation of Nature  

CEPF - Critical Ecosystem Partnership Fund 

GDEM - Global Digital Elevation Model 

QGIS -    Quantum Geographic Information System 

PSMS   -   Partula Species Management System  

ZSL, B.U.G.S. Department  -   Zoological Society London, Biodiversity Underpinning Global Survival 

Department. 

 

 

Quazi Extinction         -  A measure of extinction risk based on the number of population replications 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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II. ABSTRACT 

Over the course of the last 12,000 years island ecosystems have been confronted by an increasing 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, increasingly, the building 

blocks of ecosystems - invertebrate and plant species - 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 I create an index of changing extinction risk over a four 

decade period for Society island snails of the genus Partula. I use this as a baseline against which to 

evaluate change in extinction risk using the Red List Index method, and examine the causes and effects of 

different factors on island species extinction risk. Using PVA, I then evaluate how more detailed 

information on the pressures that have contributed to high extinction risk, can be used to identify future 

management options that reduce extinction risk for this taxonomic group. I find that interactions between 

humans and invasive species post the first island invasion, can have 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 promise 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 

1.1 Isolation and extinction 

Islands have been a focal point for extinction events for over one thousand years. Monotypic geology, 

restricted size and geographic isolation create unique evolutionary environments that can be extremely 

vulnerable to external interference or rapid internal change. This vulnerability is likely to account for a 

significant proportion of the first waves of extinction during the Holocene (Steffen, Crutzen and McNeill, 

2007) as Homo sapiens began to move into isolated regions, placing new pressures on endemic, range 

restricted wildlife, including bird (Steadman; 1995, 1989) and reptile species (Foufopoulos and Ives, 1999). 

Islands remain at the crest of the extinction wave through colonial expansion and into the anthropocene 

(Steffen, Crutzen and McNeill, 2007), with island species now considered symbols of extinction. 

Studies of extinction in different clades have found factors that predict heightened extinction risk with 

relation to islands. Extinction risk in mammals is associated with small geographic range size and slow life 

history, but not significantly with island habitation (Purvis et al 2000; Jones, Purvis and Gittleman, 2003) 

whereas birds show strong correlation between extinction risk and islands habitation (Blackburn et al 

2004; Reynolds, 2003)Φ {ǳŎƘ ǎǘǳŘƛŜǎ ƻŦ ǾŜǊǘŜōǊŀǘŜ ǘŀȄŀΣ ǿƘƛƭŜ ǇŜǊǘƛƴŜƴǘ ŦƻǊ άŀǘ ǊƛǎƪΣέ ŦŀǳƴŀΣ Ŏŀƴ ƻƴƭȅ Ǝƛve 

limited insights into ecosystem wide extinction risk, especially when the original mammalian and avian 

fauna are considered functionally extinct. The linked impacts of an ever increasing range of invasive 

species (Fritts and Rodda, 1998), expansion of intensive agriculture, forestry and increased environmental 

variability caused by climate change (Benning et al 2002; Barnett, 2001), can have particularly profound 

effects in island ecosystems. The loss of entire invertebrate and plant clades from any ecosystem has 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 fill unexploited niches, as can happen on continental shelves due to greater species richness 

(Ricklefs, 2009). 

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 impact on ecosystem services, but 

also the cultural implications of losing historically abundant species (Figure 1.1) (Lee et al, 2007a). There is 

also the loss of a scientific resource. The genetic variability shown by island species is of high value, often 

forming studies 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 provide insights into the current 

extinction risk for abundant species. 
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Endemic invertebrate species such as terrestrial 

and fresh water gastropods are central to a 

multitude of ecosystems, playing significant roles 

in soil formation, grazing pressure (fungal, algal 

and plant), predation and surface calcium 

availability (Hooper et al 2000). However, 40% of 

terrestrial gastropods are currently listed as 

threatened with extinction (Collen et al 2012; 

Lydeard et al 2004) with many islands showing 

the greatest level of threat, Seychelles, 68% and 

Hawaii over 75% of those assessed are 

threatened.  

There are few better documented examples than 

that of the Partula of the Society Islands (Coote, 

2003). The taxon contains some of the most 

comprehensively studied terrestrial snail species, 

representing 150 years of research over the six 

islands and forms the basis for the analysis of 

extinction risk on islands within this study. 

The ever heightened extinction risk in-situ has led 

to the formation of ex-situ populations as a way 

to mitigate for the increasing or suddenly 

changing threats. Historically abundant plant and 

invertebrate species will often form large and 

stable colonies ex-situ, and can be cost effectively 

trans-located to new collections and into in-situ reintroduction colonies. For Partula, several species have 

now formed the basis of a successful ex-situ programme (Pearce-Kelly and Clarke, 1992). Some of these 

are now theoretically available for release; however, the suspected factors causing elevated extinction 

risk are likely to remain. Therefore, before releasing snails back onto the Society Islands, the following 

questions need to be considered: 

a. Has there been a significant reduction in theorised extinction pressure caused by E.rosea 

predation since the extirpation of in-situ Partulid populations? 

b. How could the current predation pressure interact with surviving or reintroduced Partula in 

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

 

 

FIGURE 1.1 - A Traditional Tahitian Lei created from a 

vast collection of marine, freshwater and terrestrial 

snail shells (larger snails are most likely Partula). Into 

ǘƘŜ мффлΩǎ, objects fashioned from P.rosea could still 

be purchased in markets (Coote and Loeve 2003). 

Photos from: http://www.etsy.com/  
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c. Do current management options deliver potentially successful reintroduced Partula populations, 

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

1.2 Creating an island baseline to analyse extinction risk 

The concept of a baseline within conservation-minded ecology comes from the recognition that scientists 

often only assess ecosystems after a period of decline (Pauly, 1995). This means that any assessment of 

threat is made from already degraded systems, underestimating the true threat or loss incurred. To 

rectify this there are now a number of methods being used to estimate the historic abundance or range 

size (Lotze and Worm, 2009). These studies have been focussed on marine systems, building a picture that 

allows the analysis of current state and extinction risk (Lotze and Worm, 2009) as well as fully informed 

projections (Harnik et al 2012). Terrestrial systems have remained more difficult to evaluate. 

Islands present a number of unique barriers to baseline creation. Island hopping indigenous populations, 

early extinction of mega-fauna, rapid degradation in the presence of early human populations, varying 

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 cultural heritage, lower starting species richness, and the Victorian 

interest in island specimens, has left a legacy of high potential value. 

Islands have the potential to recover some of the biodiversity that we often think of as lost, but only if 

historic ecological links can be re-established. On Round Island in Mauritius, the introduction of a 

population of Aldabrachelys gigantea (The Aldabra Giant Tortoise) twinned with the removal of goats, has 

seen the recovery of a number of endemic plant species (Griffiths et al 2010). However, without 

identifying the baseline abundance or range relationships originally present within an island ecosystem, 

management action is unlikely to be correctly identified, leading to an inaccurate valuation of the 

outcome, or a poorly targeted strategy.  

In degraded systems, the baseline may be an un-achievable goal due to our inability to reverse changes or 

requirement for economically non-viable conservation strategies (Stylinski and Allen, 1991). This then 

presents a valuation judgement as to the advantages of replacing a species based on potential future 

abundance, economic viability and overall ecosystem improvement. Therefore the baseline on its own 

can inform early management decisions, but has little impact in informing the process unless it gives 

context to 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 extinction risk. The most widely accepted method to 

assess extinction risk of species is the IUCN Red List (Butchart et al 2004) which, via a series of 

quantitative criteria, allows the placement of a species into a category, identifying the relative risk of 

extinction. This can then be analysed using the Red list Index (Butchart et al 2005), a mechanism designed 
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to analyse these changes in status through time at a taxonomic level (Butchart et al 2007). The red-listing 

process often relies on a series of incomplete pieces of data to create an assessment of threat, and 

therefore can give an inaccurate picture of risk over a series of assessments. There can be a number of 

reasons for this, including problematic taxonomy (Box 1.1; Table 1.1), but most of the inconsistencies 

come from the difficulty in identifying genuine status change at the point of assessment. This can be 

analysed through the use of data collected after assessment or statistical modelling, which can correct for 

these inaccuracies for indexing purposes (Butchart et al 2004). 

 

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

PVA models are one of the most widely used tools in conservation biology (Coulsen et al 2001). The 

availability of simple software allows the construction of models that are designed to predict extinction 

risk (quazi-extinction), and compare 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 minimal data (Coulsen et al 2001); however, as an exercise it can provide vital insights 

into the life processes of the species in question. Ultimately, as with any model its validity relies on the 

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

(Akcakaya et al, 2004), t±!Ωǎ ƘŀǾŜ ōŜŜƴ ǎƘƻǿƴ ǘƻ ǇǊƻŘǳŎŜ ŜǎǘƛƳŀǘŜǎ ǘƘŀǘ ŎƭƻǎŜƭȅ ǘǊŀŎƪ ƎŜƴǳƛƴŜ 

populations (Brook et al 2000; Brook et al 1997). 

 
A PVA predicts abundance from one time step to the next through a population matrix. A Lefkovitch 

matrix (Caswell, 2001; Morris and Doaks, 2002) 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 remain at that stage, whereas the second, third or further dictates how many would 

move from that stage to a following stage during that time step (Figure 1.2).  

BOX 1.1 ς Taxonomic inconsistencies within the IUCN Red List 

As species get smaller they tend to test the basis 

of our species categorisations to the limit, and 

with regular hybridisation, self-fertilisation and a 

great variety of apparent morphological variation; 

when there is little genetic variation. This is 

highlighted in the 1994 Red Listing of Partula 

(IUCN Red-List online 2013) where seven of the 

species listed are not recognised within current 

nomenclature (Table 1). All were described by 

Hartman (1881), but due to revisions of the taxa 

by Pilsbry (1910) and Kondo (1968) they have not 

been included as species for over 50 years.  

 

Non-Species Date assessed 

Partula approximata 1994 

Partuls castanea 1994 

Partula compacta 1994 

Partula micostoma 1994 

Partula protea 1994 

Partula raitensis 1994 

 

TABLE 1.1 - Non species within the IUCN Red List 
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This gives the matrix flexibility in terms of its application, for example it has been used to show different 

fecundity values at different stages of plant life cycles (Morris and Doaks, 2002). In invertebrates different 

life stages occupy different micro-habitats, or react differently to environmental instability, making the 

identification of these stages a powerful tool in analysing survival in these different micro-habitats 

(Akcakaya et 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 are few in-situ records of life stage survival, therefore 

new data for these models must come from ex-situ records. This has significant advantages, as the entire 

population can often be accurately censused, no immigration or emigration is possible and environmental 

observations are relatively constant. However, the lack of environmental stocasticity, natural behaviours 

or predation rates, often makes direct comparisons of extinction risk in-situ implausible (Beissinger and 

Westerphal, 1998). Once the matrix is 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 ex-situ data. This is important to account for when interpreting results as the lack 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 population (Brook 

et al 2000; Brook et al 1997). 

 

 

 

 

 

 

 

FIGURE 1.2 ς An equation using a Lefkovitch matrix and a current population vector to show population in the 

next time step (iteration). For stage S, PSS is the coefficient of the number of animals that remain at that stage 

during this iteration whilst PRS shows the number moving to the next stage during this iteration. If you add PSS 

and PRS you get the total survival coefficient for stage S, and therefore by taking this away from 1 would gain 

the mortality coefficient for stage S. Dependant on how long the time step (iteration) is, it is possible that some 

organisms could jump stages creating a PFS value above zero if you will, or in the opposite way a PRF value 

above zero. The letter f (lower case top right hand corner of the matrix) denotes the fecundity coefficient for 

that stage (in this case stage F). 

Population per stage 

in the next time step. 

Lefkovitch Matrix Population per stage in 

the current time step. 
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One simple mechanism for the creation of a stage based matrix from census data is through the use of 

multiple regression (Caswell, 2001). The multiple regression method relies on identifying which of the 

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

1997).  

1.4 Partula as a model island taxon 

The Family Partulidae is currently recognised to have consisted of around 125 species of snails in three 

genera spread across the Pacific (Coote and Pearce Kelly 2013) (Figure 1.3). The Partula are by far the 

most divergent genus of the family of which the majority of species (61) were found in the French 

Polynesian, Society Islands, where they formed populations into the tens of thousands. The genus is 

represented in approximately 150 years of scientific literature on speciation, and through collections in 

museums world-wide (Figure 1.4). 

 

Today only 5 Partula species are still known remain on the Society Islands, in isolated habitat patches, 

with the largest popǳƭŀǘƛƻƴΩǎ ƴǳƳōŜǊƛƴƎ ŀ ŎƻǳǇƭŜ ƻŦ ƘǳƴŘǊŜŘ ƛƴŘƛǾƛŘǳŀƭǎ ό/ƻƻǘŜ ŀƴŘ tŜŀǊŎŜ-Kelly 2013). 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 species, Euglandina rosea (E.rosea, The Rosy Wolf Snail) 

that has been blamed for the extirpation of this clade of snails and several others across the Pacific and 

beyond (Murray et al 1988; Cowie and Robinson, 2003; Pearce-Kelly and Clarke, 1992,1994 and 1996; 

Coote and Pearce-Kelly, 2013). The group were placed on the IUCN Red List in 1994. 

 
  

FIGURE 1.3 ς The distribution of the Partulidae across the Islands of the Pacific from Kondo (1970) 
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1.5 Developing PVA models to inform Partulid reintroductions. 

Since the Partula management programme was developed in 1992 (Pearce-Kelly and Clarke, 1992), the 

eventual aim of the organisation has been to develop a mechanism by which all Partula species in ex-situ 

populations can be reintroduced back onto the islands. 

The current in-situ strategy is a 160 adult release into a 12x9m reserve constructed through the Critical 

Ecosystem Partnership Fund (CEPF). Experiments within the UK (Pearce-Kelly, Mace and Clarke, 1995) and 

previous island release attempts (Coote et al 2004) show that Partulids from ex-situ populations will 

revert to natural behaviours, including successful breeding once within native habitat.  

Given that there is neither the capability nor the potential investment to consider the extermination of 

invasive species from any of the islands, and political incentives are continuing to inflate the impact of 

increasing human populations on natural areas, how do you reintroduce an extinct island endemic? What 

is the likelihood of success? And what is the cost benefit ratio of utilising these management scenarios? 

When these questions are placed in the context of climate change the scenarios only become more 

difficult to predict. 

The management focus to this point has been to build classic reserve structures, which have had short 

term successes but as yet achieved no long term outcomes because of E.rosea incursion. 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.  

 

FIGURE 1.4 ς Photos of the in 

spirit section of the Murray 

collection at the London Natural 

History Museum. The majority of 

this collection was formed from 

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 Partulid fauna. 

(Photo care of Dr J Gerlach, 

01/08/13) 
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In recent years observations of extant Partulid populations on Tahiti has given rise to a new 

reintroduction strategy through natural arboreal reserves. The concept comes from the observation that 

a number of Partula populations survive nearby Euglandina populations within the leaves and branches of 

large Inocarpus fagifer (Tahitian Chestnut or Mape Trees).  

 
These management scenarios need to account for possible anthropogenic pressure, environmental 

change and predation pressure. Partulid predation is now a multi-species complex (Table 1.2) but the 

assumed key invasives are E.rosea and Platydemus manokwari (P.manokwaria, New Guinea Flatworm; 

Table 1.2). Both of these species in high densities can cause catastrophic predation on arboreal molluscs 

(Coote et al 2004 Sugiura and Yamaura 2009). In lower densities they would also exert a continuous 

predation effect which, dependant on Partulid population size and the rate of predation could still cause 

rapid declines in Partulid populations. These predation concepts of catastrophic predation and continuous 

predation are key to identifying the impact of planned management on the long term success of Partulid 

reintroductions.  

 

It is theorised for modelling purposes, that classic reserves are designed to reduce continuous predation 

to the lowest levels possible; however, previous experience (Coote et al 2004) shows their limited 

prevention of sudden catastrophic events because of the presence of favourable habitat within the 

reserve for E.rosea. The impact of arboreal reserves on predation is more difficult to parametise; 

however, for modelling purposes it is considered that both the surface of the trunk and the extent of 

branching would reduce catastrophic impact on these Partula. This is likely to significantly reduce the 

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

 

2. SUMMARY 

 
The following questions are to be answered through the development of a baseline, associated analysis 

and PVA, and form the backbone of this study from this point on: 

1. How has extinction risk varied for Partula since 1975? 

2. What are the factors causing the observed decline and how do the factors interact? 

3. Can the current re-introduction and management strategies provide a secure long term option for 

in-situ Partulid populations? 
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TABLE 1.2-  Showing the key invasive species that could have an impact on Partulid populations. 

Invasive Species Approximate date of 

introduction to Society 

Islands (AD) 

Observed predation upon 

Molluscs? 

Reference 

Pacific Rat                

Ratus exulans 

1200 General mollusc feeding 

widely observed but no 

examples within Polynesia. 

Parisi and Gandolphi 

1974; Meyer and 

Betaud, 2008 

Black Rat                 

Rattus rattus 

Brown Rat               

Rattus norvegicus 

1800 General mollusc feeding 

widely observed but no 

examples within Polynesia. 

Parisi and Gandolphi 

1974; Meyer and 

Betaud 2008 

Common House Mice                            

Mus musculus 

1800 Documented impacts on 

other endemic 

invertebrate species but 

little mollusc predation. 

Angel, Wanless and 

Cooper 2009 

West African Land Snail 

Lissachatina fulica 

1940 Possible competitor and 

vector for pathogens. 

Civeyrel and 

Simberloff, 1996 

Rosy Wolf Snail 

Euglandina rosea 

1970 Active predator of Partula 

observed extirpating snails 

from Moorea and Tahiti 

Clarke et al 1984; 

Murray et al 1988; 

Coote and Loeve, 

2003 

New Guinea Flatworm 

Platydemus manokwari 

Between 1990 and 2006 Observed predation of 

arboreal snails in the 

Mariana Islands. 

Sugiura and 

Yamaura, 2008 

Flora (Multiple spp) 

Example 

- Miconia calvescens 

1200- present Certain species do have 

documented negative 

impacts on molluscs but is 

often poorly documented. 

Example 

Coote et al 1999 
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3. METHODS 

 
3.1 Data collection 

 
3.1.1 For 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 terms include: Partula, 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 information to re-create range 

maps using pubƭƛŎŀǘƛƻƴǎ ŀƴŘ ǳƴǇǳōƭƛǎƘŜŘ ŘƻŎǳƳŜƴǘǎ ǘƘŀǘ ƘŀǾŜ ŀǊƛǎŜƴ ǎƛƴŎŜ ǘƘŜ мфслΩǎ ŀƴŘ ŎƻƴǘƛƴǳŜ ǘƻ ōŜ 

produced today, examples including Clarke et al (1984) and Coote and Pearce-Kelly (2013). 

For the islands of Bora Bora, Huahine and Tahaa there were no maps or literary information 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 History Museum of London 

- The Natural History Museum of Philadelphia 

CǳǊǘƘŜǊ ŎƻƭƭŜŎǘƛƻƴǎ ǿŜǊŜ ǎǳƎƎŜǎǘŜŘ ōȅ ŜȄǇŜǊǘǎ ƛƴŎƭǳŘƛƴƎ 5ŀǊƳŀƛŘ hΩCƻƎƘƛƭƭΣ Wǳǎǘƛƴ DŜǊƭŀŎƘ ŀƴŘ ¢ǊŜǾƻǊ 

Coote. 

For each island GDEM images within Qgis formed the base layer upon which vector files of collection 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 valley of collection alongside an approximate altitudinal reference or shown within 

a hand drawn map (Garrett, 1884; Appendix 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 approximately 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 altitudes and 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 

(Appendix 3). 

Within the publications before 1968 there are many references to varieties that lose their species status 

ŜƛǘƘŜǊ ǿƛǘƘƛƴ YƻƴŘƻΩǎ όмфсуύ ǊŜǾƛǎƛƻƴ ƻŦ the taxa, or in the years previous to it. For several varieties their 

ƭƛƴŜŀƎŜ ƛǎ ǳƴŎƭŜŀǊΣ ŀƴŘ ƛǎ ƻƴƭȅ ƘƛƴǘŜŘ ŀǘ ǿƛǘƘƛƴ ǘƘŜ ǇǳōƭƛŎŀǘƛƻƴǎ ōŜŦƻǊŜ YƻƴŘƻΩǎ ǊŜǾƛǎƛƻƴΦ ¢ƘŜ ƭƛǎǘ ōŜƭƻǿ 

shows the correct sub-species delineations for original varieties from Garrett (1884), 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 raiatensis (original name from Pease) 

- P.imperforata recta (original name from Pease) 

- P.radiata microstoma 

- P.navigatoria variablis 

- P.fusca protea 

- P.faba approximate 

- P.faba castanea 

- P.faba terrestris 

- P.auriculata compacta 

9ȄǘŜƴǘ ƻŦ ƻŎŎǳǊǊŜƴŎŜ ό9hhύ tƻƭȅƎƻƴǎ ŀǊŜ ŎǊŜŀǘŜŘ ǘƻ ŎƻǾŜǊ ŀƭƭ ǘƘŜ Ǉƻƛƴǘǎ ŀƴŘ ǾŀƭƭŜȅΩǎ ƛŘŜƴǘƛŦƛŜŘ ǿƛǘƘƛƴ ǘƘŜ 

EOO for each 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 on Partula dispersal, with ex-situ experiments showing relatively high dispersal capability 

(Pearce-Kelly, 1995) and in-situ collectors suggesting greater segregation of populations even within the 



  - 17 - S. Aberdeen  

 

same valleys (Crampton 1916). The formation of these distinct populations seems likely given the 

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

3.1.2 Reasons for decline 

A further literature review was conducted through the same sources as for baseline creation, including 

earlier terms and: Introduction, invasive, invasion, traditional settlement, 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 in Partulid populations are likely to have occurred between 1970 and 

2000 (Clarke et al, 1984; Murray et al, 1988; Cowie and Robinson, 2003; Tillier and Clarke, 1983; Gerlach, 

1992; IUCN Red List, 2013). Potential extinction factors were analysed for correlation with this time frame 

and evidence of impact on Partulid populations. Three strong correlates were identified, a further 

literature review was conducted to identify data available for modelling Partulid extinction risk: 

a. E.rosea  

Reviews of E.rosea behaviour highlighted multiple data sources that allowed for the modelling of spread.  

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

island based on that observation (Murray et al, 1988). Gerlach (1992) completed an in-depth study of the 

ƳƻƭƭǳǎŎΩǎ ōƛƻƭƻƎȅ ŀƴŘ ŜŎƻƭƻƎȅ ƛŘŜƴǘƛŦȅƛƴƎ ŀ ƳƻŘŜƭ ǳǎƛƴƎ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀǘƛƻƴ ǘƘǊƻǳƎƘ ŀƭǘƛǘǳŘƛƴŀƭ 

gradients to predict range limits and dispersal rates of Euglandina within Raiatea. 

For the other islands no models were present for analysis but data showing the spread of E.rosea were 

obtained from, field records collated by Coote (unpublished), Pearce-Kelly and Clarke (1992), Pearce-Kelly, 

Clarke and Mace (1994) and Pearce-Kelly and Clarke (1996). Points of introduction were identified for 

Moorea and Tahiti where 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 no introduction data. 

b. Direct human impact data  

There was only a single openly accessible source of data focusing on land-use within the Society Islands. 

This was produced by Gerlach (1992) and depicts the extent of human land use within Raiatea in 1991. 

Agricultural 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 nature of this impact, but it was theorised that Partula are 

unable to survive in non-native habitat types including most agricultural land and some forestry areas 

because of a consistent lack of presence. 
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c. Climate change 

Few sources of openly accessible data are available. Those 

present do not have sufficient precision to identify the possible 

climatic impacts on the Society Islands during the time periods 

required. The data available shows little correlation, and even 

with optimum data the impact of such environmental instability 

on these molluscs is currently impossible to estimate. Partulid 

extinction events on smaller islands during a similar time period 

do point to possible climatic effects in the absence of other 

factors (Coote and Loeve, 2003), but further exploratory work 

will be required to secure records that might uncover this 

relationship. 

3.1.3 Data collection For PVA 

When sampling we must consider an ex-situ population as 

though it were simulated due to the artificial conditions. Errors 

and implausible coefficients from analysis need therefore to be 

corrected through utilising a number of repeat populations to 

estimate a relevant coefficient of each stage.  

 For this study a stage based matrix (Table 3.1) was produced 

using week by week count data from 24 ex-situ populations of 

Partula affinis, Partula otaheitana, and Partula nodosa from 

London zoo and Bristol invertebrate house (Population data 

from the PSMS via ZSL B.U.G.S department). These three species 

are closely related and between them provided sufficient data 

for analysis. The populations (boxes) were selected from over 

200 populations through two criteria suggested from Amin 

(1997); over 50 weeks running time and no immigration or 

emigration, as well as two specific to this study; correct 

recording throughout and sustained positive growth in the adult population (30 weeks). Each individual 

ǇƻǇǳƭŀǘƛƻƴΩǎ ŎŜƴǎǳǎ Řŀǘŀ ǿŀǎ ǘƘŜƴ Ǉǳǘ ǘƘǊƻǳƎƘ ŀ ƳǳƭǘƛǇƭŜ ǊŜƎǊŜǎǎƛƻƴ Ƴƻdel (Figure 3.1) in R (Appendix 

10) and the significant biologically plausible coefficients for 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. 

TABLE 3.1 - The Stage matrix and 

Standard deviation matrix for 

Partula produced through a multiple 

regression method for week long 

iterations. 

Stage Matrix 

N
e
w

b
o

rn 

J
u

v
in

ile 

S
u

b-a
d

u
lt 

A
d

u
lt 

0.87 0 0 0.135 

0.085 0.935 0 0 

0 0.061 0.86 0 

0 0 0.14 0.973 

 
 

Standard deviation Matrix 

N
e
w

b
o

rn 

J
u

v
in

ile 

S
u

b -a
d

u
lt 

A
d

u
lt 

0.006 0 0 0.012 

0.02 0.007 0 0 

0 0.012 0.039 0 

0 0 0.023 0.011 

 

Generation time ς 67 weeks 

Lamba Value (Growth rate)- 1.0205 
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3.2 Analysis 

3.2.1 Reasons for decline ς modelling Partulid range reduction 

 
The Baseline EOO for all 61 species of Society Island Partula formed the optimum status of populations in 

1975. This date was chosen because it predates documented Partulid extinctions, Euglandina introduction 

and the map of human caused habitat change on Raiatea in 1991 (Gerlach, 1992). These baseline ranges 

were then re-drawn year by year to form two models of Partula extinction, based on the two models of 

extinction pressure explained below:  

- The E.rosea only range expansion model 

The data from surveys of Partula/ E.rosea were plotted onto maps of the Society Islands using Qgis, 

utilising the same process as Partula baselines, except each survey year remained in a separate vector file. 

Presence and absence of Euglandina was plotted to valley precision, alongside the presence or suspected 

absence of Partula in each valley as an indicator of Euglandina presence. 

Models of Euglandina dispersal for Moorea (Clarke et al 1984; Murray et al 1988) and Raiatea (Gerlach, 

1992), were geo-referenced over data points collected within Qgis. These geo-referenced models were 

transformed into vector files, to be altered in the presence of data collected following production of the 

model. 

On remŀƛƴƛƴƎ ƛǎƭŀƴŘǎΣ ŀ ŦƛǊǎǘ ǇƻƭȅƎƻƴ ǿŀǎ ŎǊŜŀǘŜŘ ŦǊƻƳ ǘƘŜ ŜŀǊƭƛŜǎǘ ȅŜŀǊǎΩ Řŀǘŀ ŀǾŀƛƭŀōƭŜΦ All islands have 

predicted dates of introduction the in literature (Lee et al, 2008; Murray et al 1988; Coote, 2003; Civeyrel 

and Simberloff, 1996), but the islands of Tahaa and Bora Bora have no records of Euglandina dispersal 

except a Partula extinction date. An area of introduction was predicted, two miles inland from the largest 

town in each case. Once the first polygon was created further polygons were created for the data forming 

the basis of an extinction map. DŜǊƭŀŎƘΩǎ όмффнύ ŜǎǘƛƳŀǘƛƻƴǎ ƻŦ ǊŀǘŜ ƻŦ Euglandina spread were used to 

show the year-to-year movement of the predator across each island. Where the model did not accurately 

predict collection points, data took precedence for that year.  

 

FIGURE 3.1 ς The model equation for the multiple regression analysis for the second row of a coefficient matrix 

(Akacacya and Root 2013). S is the coefficient that is to be identified from the multiple regression, with the numbers 

ŘŜƴƻǘƛƴƎ ǘƘŜ Ǌƻǿǎ ŀƴŘ ŎƻƭǳƳƴǎ ǘƘŀǘ ǘƘŜ ŎƻŜŦŦƛŎƛŜƴǘ ǿƛƭƭ ōŜ ǇƭŀŎŜŘ ǿƛǘƘƛƴΦ ¢ƘŜ bΩǎ ŀǊŜ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴ ƴǳƳōŜǊǎ ŀǘ 

each stage of the matrix (denoted by the 1- 4 next to the N) either at the current iteration (t) or the next (t+1). 
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When re-drawing the Partula EOO based on this model it is assumed that the presence of E.rosea means 

the absence of Partula from that region. An estimation of error has been identified through Partulid 

records of survival alongside E.rosea at 1-2 years. 

- The Raiatea agricultural expansion and E.rosea model (Agricultural expansion model). 

For this extinction model only the Raiatea species of Partulid were used. Human populations had 

expanded agricultural output before 1975; however, due to the single source of data available the model 

initially represents a single loss of Partulid range on Raiatea in 1984 based on that data. The year-to-year 

movement of E.rosea forms the rest of the model after the introduction in 1986.  

3.2.2 Calculating 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 to find Partula EOO at its optimum 

(Least Concern - LC). Assessments were then made tri annually from 1984. Each following assessment was 

analysed based of the EOO of the Partulid species at the end of the selected year (December 31st), listed 

in accordance to Red List Categories B1a or B1b (Table 3.2) with comparison against the 1975 baseline 

EOO where required. An early estimation of vulnerability (D2 listing) was also made for species present on 

all islands once E.rosea was predicted to be present on Tahiti, this was to represent the direct threat. This 

formed a sequence of assessments for every Partula species 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 3.2). An RLI value was calculated from the number of species 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 extinction-risk weighting approach is based on assigning each category a value that best describes the 

relative extinction-risk associated with that category. The weightings range from 0 for not threatened to 5 

for extinct (Butchart et al 2004). 

 

- c denotes the category  

- s shows species/ number of species 

- N is the number of species  

- t is the year of the assessment. 

- W is the weighting;  

- WEX The maximum weighting (at extinction) 

 

FIGURE 3.2- The equation for the red list 

index (Butchart et al 2007) 
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3.3 RAMAS Metapopulation Models using Stage Matrix 

 

I used Ramas Metapop version 6 (Akcakaya and Root, 2013) to create meta-population models. The basic 

structure of each model can be found in (Appendix 5). 

A literature and comparative data search was undertaken to verify the estimates made for the modelling 

process. Common factors within these PVA models are shown below, alongside how they are factored 

into the model and their parametisation: 

- Predation pressure 

o Continuous - a harvest function where the number of individuals removed from each 

population per harvest event is set, followed by the number of time steps between each 

harvest. Parametised by field data of Euglandina collected from Tahiti (Appendix 7). 

o Catastrophic ς a catastrophe parameter within RAMAS Metapop that identifies the scale, 

effect and probability of an event for each time step. The upper bound was estimated 

from the previous reintroduction, and lower bound selected based on the current 

understanding of the reserve types. 

TABLE 3.2 - Sourced from Butchart (2005), a simplified overview of the thresholds for the IUCN Red List Criteria, 

through which each species was categorised based on the EOO for every three year time frame. 
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- Carrying capacity has been estimated for the reserve population by Coote (Pers. Comm.) and 

Pearce Kelly (Pers. Comm.) at 2000 individuals of P.nodosa. From this there was systematic 

selection of lower bounds. 

- Density dependence  

o Negative density dependence - A ceiling function based on the carrying capacities 

stipulated (2000 individuals if not otherwise stated).  

o Positive density dependence - a minimum local population size of 150 individuals to 

create a conservative outlook and to account for the 10% increase in extinction risk when 

the population reduced beyond 150 individuals (Partulid Breeding Programme).  

I asked three questions (1-3) which were tested through the modelling questions (a-e) (Appendix 5):  

1. Has there been a significant reduction in theorised extinction pressure caused by E.rosea 

predation since the extirpation of in-situ Partulid populations? 

a. Given that recorded population sizes and collections exceeded 10,000  individuals  for 

many Partulid species, what predation pressure can drive 95% of modelled populations 

to extinction within two years?  

2. How could the current predation pressure interact with surviving or reintroduced Partula in 

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

a. What is the time taken for the population to grow to estimated carrying capacity levels 

from planned initial population of 160 individuals with no predation?  

b. What is the maximum level of continuous predation that could be endured with 

continued mean positive population growth by different initial population sizes of 

Partula?  

c. What magnitude or probability of catastrophic events can an initial population of 1500 

individuals within a classic reserve withstand to maintain viable populations for 7.5 

generations? 

d. How do translocations from ex-situ populations increase the probability of maintaining 

classic reserve populations for 7.5 generations given these catastrophic events? 

3. Do current management options deliver potentially successful reintroduced Partula 

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

a. How effective are classic reserves in maintaining extant and growing Partulid 

populations? 
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- Ten models created to act as example populations showing a cross section of the 

likely potential outcomes. 

- Each model forms a meta-population containing two reserves randomly parametised 

through the results of earlier models. 

- 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. 

b. How effective are Arboreal or Mape reserves in maintaining extant and growing Partulid 

populations? 

- Seven models created to act as example populations showing a cross section of the 

potential outcomes of the arboreal strategy. Seven were chosen because a higher 

number of models would not significantly increase the reliability of these results until 

new data is available 

- Each model forms a meta-population 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 rate 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, when the 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 

additional management strategies would be put in place for them continuous 

predation has been limited based on the size of the Partula population up to 1000 

individuals. 
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4. RESULTS 

4.1 How has extinction risk varied for 

Partula since 1975? 

Figure 4.1 forms a comparison 

between the IUCN RLI for Partula 

starting from the first Red List 

assessments in 1994, and the 

modelled Partula RLI formed from the 

E.rosea dispersal model, beginning 

with the first records of E.rosea 

distribution identified within the 

literature in 1984. One can identify 

that the model RLI suggests a close 

correlation with the IUCN RLI during 

the latter stages of Partula decline, 

with both remaining stable since 2002.  

 

From the baseline set in 1975, the 

E.rosea model suggests an increase of 

extinction risk of 47.59% by 1984, with 

figure 4.1 showing a further increase 

between 1984 and 1996 of 48.96%. 

figure 4.2 represents the range 

expansion of E.rosea on the first 

inhabited island, Tahiti in 1974, and the last, Huahine in 1993. From it one can visualise the rate of 

dispersal of E.rosea, which by 1996 occupied over 90% of Tahiti, an increase of 70% from 1984; and 

40% of Huahine after its introduction in 1993. 

 

FIGURE 4.1 ς A comparison between the RLI formed using the E.rosea 

dispersal model (Green) and IUCN RLI (Red). 

RLI formed using the E.rosea dispersal model, N = 143 genuine status 

changes from 61 Partula species. 

IUCN RLI, N = 73 genuine status changes from 61 Partula species.  

 

 

  

FIGURE 4.2  ς Range maps depicting the range expansion of E.rosea on Tahiti and Huahine (Appendix 1) 
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The E.rosea rates of dispersal used in this study fail to explain a certain quantity of the dispersal found 

within and between the Society Islands. An example of this is the species range expansion across Tahiti, 

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

of the snail (Figure 4.2). After the мфулΩǎ ǘƘŜ ǳƴŜȄǇƭŀƛƴŜŘ ŘƛǎǇŜǊǎŀƭ ƻŦ E.rosea stops in the Society 

Islands, with the exception of a translocation to Huahine between 1989 and 1993. 

4.2 What are the factors causing the observed decline and how do the factors interact?  

Figure 4.3 identifies the RLI 

produced using the agricultural 

expansion model in comparison to 

the RLI from the E.rosea only 

model. It shows an increased 

impact on Partulid populations from 

agricultural expansion model from 

1984 to 1987, when compared to 

the E.rosea model. The agricultural 

expansion model assessments in 

1984 (Table 4.1) show a range of 

Partulid threat status whereas the 

E.rosea only model assessments for 

Raiatea in 1984 are all assessed to 

be Vulnerable, this is reflected in 

the difference in RLI (Figure 4.3). 

One must recall at this point that 

the agricultural expansion model 

includes the predation pressure of 

E.rosea.  However, the agricultural 

expansion model assessments in 

1984 do not result in a single 

extinction (Table 4.1), and it is only 

with the introduction of E.rosea to 

that model that initiates the 

ŜȄǘƛƴŎǘƛƻƴǎ ǘƘǊƻǳƎƘ ǘƘŜ мфулΩǎ ŀƴŘ 

мффлΩǎ (Appendix 2). 

 

FIGURE 4.3 ς Partula RLI formed from the agricultural expansion model 

(Red) compared to the Partula RLI formed using the E.rosea dispersal 

model (Green). 

RLI formed using the E.rosea dispersal model, N = 89 genuine status 

changes from 34 Partula species. RLI formed using the agricultural 

expansion model, N = 75 genuine status changes from 34 Partula species. 
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4.3 Can the current re-introduction and management strategies 

provide a secure long term option for in-situ Partulid populations?  

2. Has there been a significant reduction in theorised extinction 

pressure caused by E.rosea predation since the extirpation of in-

situ Partulid populations? 

E.rosea populations are estimated to have been between 104 and 995 

individuals per Partulid population. This is shown in figure 4.4 where 

population sizes of Partula are inferred from museum collections. 

Current abundance is now identified as highly variable between sites, 

with a maximum population of Euglandina of 9 and a minimum of 1 per 

Partulid population (Appendix 7). However, this decrease in predation 

pressure has not been reflected in the IUCN Partula RLI which remains 

at the same point as in 2002 (Figure 4.1).  

 
2. How could the current predation pressure interact with surviving 

or reintroduced Partula in isolated populations and what are our 

management choices within a single population? 

a. What is the time taken for the population to grow to estimated 

carrying capacity levels from planned initial population of 160 

individuals with no predation?  

A population of 160 individuals has the potential to reach theorised 

carrying capacity population sizes within 3 years (Table 4.2). 

TABLE 4.1 - The status of 

Raiatea species following 

modelling the effects of 

human impact in 1984. 

Raiatea  
Species 

1984 Red List 
Assessment 

P.atilis CR 

P.auriculata CR 

P.callifera VU 

P.candida CR 

P.cedista VU 

P.citrina CR 

P.crassilabris CR 

P.cuneata CR 

P.dentifera CR 

P.dolichostoma CR 

P.dolorosa VU 

P.faba EN 

P.formosa CR 

P.fusca CR 

P.garretti CR 

P.hebe CR 

P.imperforata CR 

P.labrusca VU 

P.leptochila VU 

P.levilineata CR 

P.levistriata CR 

P.lugubris CR 

P.meyeri VU 

P.navigatoria CR 

P.ovalis CR 

P.protracta CR 

P.radiata CR 

P.remota CR 

P.robusta CR 

P.rustica CR 

P.thalia CR 

P.tristis CR 

P.turgida CR 

P.vittata VU 

 

 

FIGURE 4.4 ς Result of Model 1, showing the predation pressure in terms of 

required E.rosea population size to create 0.95 probability of Partula extinction in 2 

years (1.5 generations). All stages of Partula are equally affected in this model, and 

the estimations used for Euglandina feeding rates are shown in Appendix 8. 
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b.  What is the maximum level of 

continuous predation that could be 

endured with continued mean positive 

population growth by different initial 

population sizes of Partula?  

Figure 4.5 identifies that populations of 

Partula below 500 individuals  are 

vunerable given minimal regular predation 

by Euglandina, with populations below 250 

individuals showing no capability of withstanding any regular predation. Populations of 2000 

individuals and above are able to survive even the highest levels of predation found within Tahitian 

study sites today (Appendix 7).  The predation rate per E.rosea adult comes from the estimates in 

(Table 4.1). Preferential Newborn and juvenile predation has a greater impact on the population than 

adult predation. 

 
c. What magnitude or probability of catastrophic events can an initial population of 1500 individuals 

within a classic reserve withstand to maintain viable populations for 7.5 generations? 

When the magnitude of predation is limited to 50%, and occurrence is below once per year, the 

probability of continued population survival after 9.6 years is over 99% (Table 4.3). If these 

parameters are increased, elevated extinction risk is the result, with half of these scenarios resulting 

in complete extinction. 

TABLE 4.2 ς Results of model 2a, looking at the rate of growth 

from a starting population of 160 individuals 

Target population size Mean number of weeks to reach 

target population size (±1 SD) 

500 72 (54 -103) 

1000 132 (110-167) 

1500 165 (140-198) 

 

 

FIGURE 4.5 ς Results of model 2b, showing the levels of predation per week that still allow Partula population 

growth with different starting populations. 
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d. How do translocations from ex-situ populations increase the probability of maintaining classic 

reserve populations for 7.5 generations given these catastrophic events? 

Table 4.4 shows the outcome of the same models as shown in table 4.3 (Model 2c) with the addition 

of 10, 50 or 90 Partula translocated per year to the hypothetical population. There are some 

increases in survivorship, with the largest improvements shown at 70% predation at 0.5 times per 

year and 50% at 1 time per year. With Ninety translocated individuals per year, 50% at 0.5 times per 

year shows a reduction in quazi-extinction of over 60%. Ninety individual translocations have 

therefore been used in model 3a. 

 
3. Do current management options deliver potentially successful reintroduced Partula populations, 

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

TABLE 4.3 ς Results of model 2c, by utilising a Quazi extinction measure (1 showing that all populations become 

extinct 0 that all are extant) we can begin to identify the extinction risk over 7.5 generations (9.6 years), given 

varying parameters of catastrophic predation. The initial population of Partula is 1500 individuals. 

Approximate number 
of catastrophic events 

per year 

4 times per year 2 times per year Once per year 0.5 times per 

year 

Magnitude of 

catastrophic event (% 

of Partula lost) 

50% 1 0.9954 0.6359 0.0984 

70% 1 1 0.9664 0.6128 

90% 1 1 1 0.9402 

 

TABLE 4.4 ς Results of model 2d, dŜǎƛƎƴŜŘ ǘƻ ƛŘŜƴǘƛŦȅ Ƙƻǿ ǿŜ ŎƻǳƭŘ ǘƘŜƻǊŜǘƛŎŀƭƭȅ ǳǎŜ άǎŀŦŜ ex-situ ǇƻǇǳƭŀǘƛƻƴǎέ ǘƻ 

bolster in-situ stock, and whether it is a potentially successful method for mitigating risk.  

Magnitude of 

event 

50% predation 70% predation 90% predation 

Likelihood  Twice/ 

year 

Once/ 

year 

0.5/ 

year 

Twice/ 

year 

Once/ 

year 

0.5/ 

year 

Twice/ 

year 

Once/ 

year 

0.5/ 

year 

No additions 0.9954  0.6359 0.0984 1 0.9664 0.6128 1 1 0.9402 

10/year 0.9945 0.5914 0.0813 1 0.9611 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 
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a. How effective are classic reserves in maintaining extant and growing Partulid populations? 

Classic reserves have been associated in this study with catastrophic predation, rather than 

continuous predation and so the values of catastrophe (Table 4.5) have been based on Q2c with the 

removal of the 90% magnitude of catastrophic predation parameter 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 the models shown in 

figure 4.6 (Appendix 6).  The first 

populations have an initial quazi 

extinction risk range of 0.2; 

however, after a year the range of 

risk has increased to over 0.6. This 

indicates a dependence of each 

model on the success of the first 

reserve population through the first 

year (models 3, 6 and 9). Due to the 

range in extinction risk shown by 

these models, it puts into question the reliability of the mean as a representation of the true 

outcome.  

 

FIGURE 4.6 ς Results from Question 3a, comparisons of the mean quazi extinction risk over time of the ten classic 

reserve models. 

TABLE 4.5 ς The parametised variables for the classic reserve models 

within Q3a. Values have been developed from Outcomes in Questions 2c, 

2d and Appendix 7. 

Carrying 

capacities 

Number of time 

steps per 

continuous 

predation event 

Number of 

E.rosea per 

predation 

event 

Magnitude of 

catastrophic 

predation 

event 

Likelihood of a 

catastrophic 

predation 

event/year 

500 4 0 50% 2 - 0.0385 

1000 6 1 70% 1 - 0.0192 

1500 8 2  0.5 - 0.0096 

2000 10   0.1 - 0.00192 
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Where figure 4.6 showed the importance of the first year on the outcome of the population, figure 4.7 

shows the change in outcome the second introduced population can have on the meta-population as a 

whole. For example, models 3 and 9 show a tendency towards decline in the first year but after the 

introduction of the second population stabilise. 

 
The same models were run a second time with ex-situ populations providing the theorised 

translocations of 90 adults Partula per year, as parametised in Model 2d, as long as the population 

remained above 150 individuals (Figure 4.8). By the 200 week point in figure 4.8, 8 out of 10 models 

had achieved populations over 500 individuals, with only one tending toward extinction, whereas 

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

There is also a sign of population stability after 200 weeks after which translocations do not continue 

that positive trajectory.  

FIGURE 4.7ς Results from Question 3a, comparisons of the mean population trajectory over time of the ten 

classic reserve models. 

 

 

 

 

FIGURE 4.8 ς Results from Question 3a, comparisons of the mean population trajectory over time of the ten 

classic reserve models with a translocation of 90 individuals per year. 
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b. How effective are theorised arboreal (Mape) reserves in maintaining extant and growing 

Partulid populations? 

Arboreal reserves have been associated in this study with continuous predation rather than 

catastrophic predation, so catastrophic variables have been set to a level that has a low impact on the 

population as identified by model 2c. Continuous variables 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. 

Here the 7 models contain 9 

possible reserve populations 

and as in Model 3a each 

population within each model 

was randomly assigned 

parameters from table 4.6 

(Appendix 6).  

Figure 4.9 shows the Mean 

Quazi Extinction of the 7 

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 parameters within the initial 

populations. Figure 4.10 shows strong increases in all meta-populations throughout the projected 9.6 

years with the minimum mean population of 1000 individuals. 

 

FIGURE 4.9 - Results from Question 3b, comparisons of the mean quazi extinction risk over time of the seven 

arboreal reserve models. 

 

 

TABLE 4.6 - The parametised variables for the classic reserve models within 

Q3b. Values have been developed from outcomes in Questions 1, 2a and 2b 

Appendix 7. 

Carrying 

capacities 

Number of time 

steps per 

continuous 

predation event 

Number of 

E.rosea per 

predation event 

Magnitude of 

catastrophic 

predation event 

Likelihood of a 

catastrophic 

predation 

event/year 

500  52 3 30% 0.5 

1000 26 4 50% 0.1 

1500 18 5  0.05 

2000 13 6  0 
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FIGURE 4.10 ς Results from Question 3b, comparisons of the mean population trajectories of the seven arboreal 

reserve models. 
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5. DISCUSSION 

5.1 Question 1: How has extinction risk varied for Partula since 1975? 

 
5.1.1 The island baseline formation and populations pre 1970 

When considering this baseline in more depth it is important to grasp that islands represent some of the 

most degraded systems in modern conservation. Many Pacific islands have been inhabited for over 1000 

years, and therefore baselines set to ǘƘŜ муллΩǎ ŀƴŘ мфллΩǎ ƘŀǾŜ ƭƛƳƛtations. It is likely that our sample 

species were abundant throughout the Holocene based on shell trade and translocation of animals (Lee et 

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

Partula species show no significant signs of decline bŜǘǿŜŜƴ ǘƘŜ муслΩǎ ŀƴŘ мфтлΩǎΣ ƘƛƎƘƭƛƎƘǘŜŘ ōȅ ŀ 

number of collections and presence in the scientific literature. However, the impact from human 

population growth will have severely reduced range size in some coastal populations (Table 4.1). Further 

analysis is likely to uncover a gradual deterioration of these affected populations through waves of 

political and economic change over 500 years (Appendix 4).  

This baseline is far reaching for a terrestrial invertebrate genus, but there is potential to create 

incorporate it into an ecosystems baseline, using the records of faunal and floral communities within the 

scientific (Rolett, 1992; Kennett et al 2006) and archaeological (Sinoto and Coy 1975) literature. Islands 

represent environments which have a true starting point for human habitation, from 1000 AD within the 

eastern Pacific, (Kennett et al, 2006)). This can act to reduce the complexity and gives a true baseline to 

measure against if verified by multiple sources.  

5.1.2 The Post 1975 decline 

The three RLIΩǎ ǿƛǘƘƛƴ ǘƘƛǎ ǎǘǳŘȅ όCƛƎǳǊŜǎ пΦмΣ пΦо) show a rapid deterioration in status of the 58 island 

species from 1984 ς 2002, and significant reductions in range compared to the 1975 baseline.  It is clear 

that the introduction of Euglandina can be attributed to the extinction of Partula and should therefore be 

the priority of future management action. However, agricultural expansion had a significant impact on 

Partulid extinction risk prior to E.rosea introduction and through the 19улΩǎ όFigure 4.3). With agricultural 

expansion continuing to this day (Appendix 4) one should consider developing strategies to mitigate for 

these effects.  

5.1.3 The story since 2002 

Euglandina has spread to cover all islands within the group by 2002, but remains excluded from higher 

altitudes (Figure 4.2, Appendix 1). This correlates with stability in the three measures of Partula RLI 

(Figure 4.1,4.3). There is anecdotal evidence of die-back and resurgence of Euglandina on several islands 

in the archipelago, and species such as P.hylina have formed small resilient populations 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 remaining P.affinis populations (Coote. Pers. Comm.).  

Recent studies suggest that for certain islands, the conservation breeding programme has maintained a 

significant level of genetic diversity within captivity, leaving considerable potential for future 

reintroductions (Lee et al 2007b) 

5.2 Question 2: What are the factors causing the observed decline and how do the factors interact? 

5.2.1 Agricultural expansion 

Agricultural expansion has a particularly strong effect on the Red Listing of island species through EOO 

(criteria B1a and B1b) due to the small range sizes involved.  

Placing land-use change within political context can give a better idea as to the ecosystem changes over 

this time (Oates and Rees 2013). The magnitude and frequency of agricultural expansions are important 

when considering extinction risk through time, and can vary from island to island depending on land 

tenure arrangements. Land-use change is often sporadic, with political moves to release land or 

encourage change in agricultural practices through subsidy, forming cycles of up to 50 years. This is time 

enough for the downward evaluation of a species from high risk (Critically Endangered) to low risk (Least 

Concern) creating little biological consequence to any new land-use policy in the following years. 

On islands where changes in extinction risk are finely balanced (Figure 4.3), there must be an evaluation 

of the effect of future political priorities before downward assessments of extinction risk are made. The 

records of those evaluations should further inform state agricultural policy. Polynesian agriculture is 

largely coastal, with expansion moving inland over time dependant on crop. This makes the impact 

predictable at the macro scale, although there will be significant differences between areas due to 

variations in rock formation, soil depth, aspect and shipping access. On a micro scale, land in Polynesia is 

tenured and therefore gives a complex patchwork of theoretical ownership; however, the availability of 

government schemes and the general use of other local plots should again provide a significant predictor 

of future change. 

5.2.2 Invasive species  

At the height of the E.rosea outbreak, I have estimated that the total predation rate on larger islands is 

likely to have exceeded 200,000 Adult Partula per day (940,000 E.rosea, extrapolated from Figure 4.4). In 

Hawaii it was observed that after release in 1955, collectors were able to harvest 12,000 individuals in 

1958 (Hart, 1978), only a proportion of the total population present. Invasives will often maintain this 

pressure over a significant period of time through generalist predation, with abundant endemic species 

and other invasive species sustaining large populations.  
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The level of destruction caused by an invasive predator maybe linked to its rate of dispersal through 

islands. In the case of E.rosea, given its comparatively low rate of dispersal, forms a continuous wave 

(Figure 4.2), which allows a large uniform rise of predation pressure required to cause extinction (Figure 

4.4). Other invasive species disperse more rapidly and therefore and may not form this continuous wave, 

thus potentially creating a different extinction pressure than identified here.  

For Partulids, location seemingly denotes species survival. Wide spread species and those with high 

altitude range (Gerlach, 1992) sustain extant populations. In addition, if an area only maintains occasional 

exploratory Euglandina, Partulid populations are likely to survive indefinitely provided micro-habitat 

stability. Cliff top and tree top habitats seemingly maintain Partula populations long after the predator 

invasion and may provide a mechanism for future reintroduction. Power to predict the presence of these 

habitat patches is required, and several extant populations have been logged over the last 15 years, but it 

is difficult to find environmental correlates due to species microhabitat requirements and inaccuracies 

with remote sensing on islands. 

5.2.3 Human invasive interaction 

Through the dispersal of E.rosea between 1975 and 1993, one could theorise that islands act more in 

terms of a continuous highway than isolated land masses. Government introductions brought E.rosea to 

the islands, but its dispersal throughout the island chain is far beyond the capabilities of the species 

(Figure 4.2, Appendix 1) and would have been enabled by local populations. 

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, and couriering the species. By 1990 the rapid dispersal of E.rosea ends in Society, 

with the final translocation of E.rosea to Huahine between 1989 and 1993. Further studies of the 

attitudes within farming communities on Euglandina both now and at the time, alongside more general 

cultural understanding of mollusc species, would give an insight into human dimension of invasive 

movement. 

Quantifying the magnitude of movement in terms of people and trade between and within islands is 

essential to conservation. Distance between islands, magnitude of boat traffic, trade agreements, shared 

(colonialist) history and proximity to shipping routes could act as predictors to model future risk. Local 

knowledge or attitude to the invasive species concerned could also highlight exponential increases in risk 

through active human translocation. If an invasive species has populated one Island, it either has the 

human support or invasive capacity to move throughout an archipelago, closing these routes quickly will 

reduce the eventual extinction events. 
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5.2.4 Key elements of Partulid extinction 

1. Political incentives encouraged the movement back to rural populations through subsidy, because 

of economic instability and the fear of an overly urbanised population. This acted to both increase 

the area of land used for agriculture and emphasises problems within island agriculture 

(Lissarchetina fulica).  

2. Once present on the islands of Tahiti (1974) and Moorea (1977), the lag period for E.rosea 

population growth was approximately 3 years. Exploratory E.rosea would then have begun to 

spread from agricultural land release sites, but would have been un-able to have a significant 

impact on large Partula populations (Figures 4.6-4.7) several months of predation would have 

occurred with little impact on Partula populations. 

3. Fecundity is significantly associated with food availability and feeding efficiency in Euglandina 

(Gerlach 1992), causing these exploratory Euglandina to lay high density clutches near mollusc 

populations.  

4. New-born Euglandina hatch and grow quickly (Appendix 8) in favourable lowland conditions, 

exponentially increasing the predation pressure on all mollusc species.  

5. Low motility, terrestrial micro-habitat usage and high population density would have been 

significant disadvantages for a number of Partula species, making them vulnerable to predation.  

6. Random searching and exploratory behaviour by adult Euglandina in high density populations 

moves the wave forward in a continuous fashion. High density populations are maintained due to 

the random search behaviour (rather than single direction of flow), and this high remnant 

pressure could have removed the more resilient Partula populations. 

7. On several islands the spread is likely to have been enabled by local farmers, explaining the 

sudden jumps in E.rosea movement along coastlines. These are likely to be small transports of a 

few snails passed or sold by farmers across the islands, creating a series of extinction events.  

8. Partulid extirpation and onward search behaviour by Euglandina can be estimated at taking under 

a year for most major populations of Partula. The high densities of E.rosea would have remained 

for several years, creating a continued extinction pressure for the remaining low density Partulid 

populations. 
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5.3 Question 3: Can the current re-introduction and management strategies provide a secure long 

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 assumption and parameter require further testing. However, the 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 densities of E.rosea populations (Figure 4.4), we can begin to 

identify where we are in terms of the current outbreaks. Current estimates (Appendix 7) when compared 

to historical estimates (Figure 4.4) show a decline in predation pressure. Fluctuations in abundance do 

occur, but as yet there are no examples of uniform rises or rises to immediate post-introduction levels. 

The introduction of Platydemus manokwari (Table 1.2) has real implications for 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 time. It shares a similar mechanism of detecting 

prey as E.rosea, and may have aversions to similar toxins. For the sake of this discussion, one should 

assume that if Euglandina is mentioned that Platydemus is also inferred.  

5.3.2 Predation on the Society Islands 

Partula have seemingly undergone a significant adaptation to island and arboreal life process being 

oviparous, and therefore having a comparably low fecundity for molluscs. This does not make them 

unable to survive alongside the current levels of predation identified through the study site survey 

(Appendix 7), or if populations are large enough (Figure 4.5). 

Small population vulnerability can be observed in the field where Partulids are now found in small 

(maximum 200), apparently unstable populations on Tahiti and Moorea. Figure 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 classic reserves 

A classic reserve is designed to stop all incursions via human 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 against E.rosea incursion, but do allow breaches to occur. Greater 

predation densities create a greater probability of incursion, especially if variable environmental 

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

for Euglandina. The presence of sufficiently high densities of Euglandina would cause a catastrophic 

predation event.  
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The catastrophic predation event itself is poorly modelled through this PVA, because of the time frame of 

a catastrophic event. A catastrophic event is theoretically made up of three phases; 

1. Incursion ς A breach by a number of predators or a single gravid female. 

2. Predation Period ς Time until incursion event is detected. 

3. Removal Period ς Time until full invasive removal and barrier repair. 

PVA relies on week-long time steps and assumes that the event occurs in one time step alone. In reality 

both the predation and removal periods would take a significantly longer period of time. It is important to 

note that the Moorean reserve was never effectively repaired after E.rosea incursion. 

Given 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 extinction. Through the collection of field data, the population densities of Euglandina 

around the reserve could be established. If this information was paired with an estimate of the barrier 

failure rate, it could allow parametisation of reserve monitoring, based on reducing these catastrophic 

events to acceptable levels. Time taken to cause a 50% percentage population loss can be estimated 

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

5.3.4 Mape reserves and predation 

Arboreal or Mape reserves may have a different impact on predation. Euglandina predation relies on the 

ability to locate prey through slime trail, and although this species is largely identified as terrestrial, it 

regularly climbs trees in release regions, given the presence of a prey source (Davis, Perez and Bennett, 

2004). 

The ǇǊŜŘŀǘƻǊΩǎ choice of path 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 the terrestrial environment. A population of Partula could be thought of as 

maintaining a series of discrete άǎǳō-ǇƻǇǳƭŀǘƛƻƴǎΣέ ǿƛǘƘƛƴ ŀ ōǊŀƴŎƘƛƴƎ ǘǊŜŜ. ¢ƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ άǎǳō-

ǇƻǇǳƭŀǘƛƻƴΣέ ǇǊŜŘŀǘƛƻƴ ŎƻǳƭŘ ōŜ ǉǳŀƴǘƛŦƛŜŘ ŀǎΣ ǘƘŜ ǎǳƳ ƻŦ ōǊŀƴŎƘƛƴƎ Ǉƻƛƴǘǎ ƭƛƴƪƛƴƎ prey and predator and 

distance between those links, multiplied by the number of follow-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 wrong choice search options, and a structure that is hostile to predator breeding 

behaviour.  

A catastrophic event  is unlikely to occur firstly because of the branching effects described above, 

secondly a lack suitable egg laying habitat, and thirdly a reduced surface of the trunk in contact with the 

ground in comparison to a classic reserve, thus creating a lower likelihood of discovery. Instead predation 

events are more likely to take place due to the continued presence and search behaviour of E.rosea. 
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One must note that crossovers of tree branches and vines provide a number of different links between 

άǎǳō-ǇƻǇǳƭŀǘƛƻƴǎΣέ ƻŦ Partula, and links between other shrubs and trees offer differing pathways to the 

canopy, which may alter predation efficiency.  

It has been theorised that the trunk and branch surface of Mape trees could reduce predator efficiency by 

inhibiting trail location, and therefore, ŎƻǳƭŘ ǊŜŘǳŎŜ ǘƘŜ ǇŀǊŀƳŜǘƛǎŜŘ άŎƻƴǘƛƴǳƻǳǎ ǇǊŜŘŀǘƛƻƴΦέ This 

inhibiting effect may counteract the population decline caused by minimal predation on populations 

bellow 500 individuals (Figure 4.5), potentially creating a series of secure in-situ source populations.  

5.3.5 Comparative outcomes for models 

The results highlight the reliance on a stable initial in-situ population 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 this affect 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 and further 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 models utilise ex-situ 

populations in translocations where the arboreal reserve models use in-situ population. 

In the classic reserve model, one can identify that even the addition of a single population could 

dramatically alter the outcome of the in-situ strategy (Figure 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 at this point translocations should cease. 

Arboreal reserves use In-situ translocation to create and bolster new populations, spreading risk and 

allowing the growth of projected meta-populations to over 3000 individuals (Figure 4.10).  Although more 

prolific than the reserve model, through a higher meta-population carrying capacity, it does still require a 

stable initial population maintaining 1000 individuals or more.  

To create a successful in-situ strategy one could suggest that continued in-situ and ex-situ translocations 

beyond initial populations are required to increase the likelihood of long term, in-situ meta-population 

survival. A strategy utilising ex-situ translocations to ensure an initial population of 1000 individuals and 

in-situ translocations to create 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 arboreal reserve 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.  

5.3.6 Carrying Capacity In all Reserves 

Looking at historical accounts of Partula, 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 powerful 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 

Islands, and would therefore allow the reintroduction of each species into its original range. It is 

imperative that the species concerned can survive and reproduce on Mape, as dispersal of initial 

populations will ultimately cause extension. Variation in the usage of these plants by P.hylina and P.clara 

is observed in the field (Coote pers comms), with P.clara showing a greater affinity to the Mape than its 

close relation. 

Classical reserves rely on the correct selection of habitat because of the restrictions of placement. This 

form of reserve has produced natural behaviours and breeding behaviour as shown in past reserve efforts 

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

The key problem with either form of reintroduction is gaining the stable population of over 1000 

individuals allowing regular translocations to occur (Figure 4.10). 

5.3.7 Density dependence 

Gerlach (1992) does quantify the effective rates of predation by E.rosea with different levels of prey 

abundance. There is potential to incorporate this more fully into model structure, and an attempt was 

made through the increased rates of continuous predation with Partulid population growth in the Mape 

tree models. This could have a big impact on the achievable rate of Partulid predation and therefore 

overall success. 

Theoretically this is a risk 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 

Partulids would reach such a level as to significantly raise the 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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5.3.8 Getting the first population right 

At present there are too many unknown factors to directly predict which form of reserve will give the 

better first population outcome. With current introduction levels of 160 individuals it is vital that 

predation is rare, at present this is possible within both the classical and arboreal reserves given that they 

meet the following criteria: 

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

process to safely take place and over 1000 individuals preferred (Figure 4.5). 

2. Predation protection ς predation is reduced to a once per month occurrence at most, with 

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. By util ising a larger number of snails 

within the founder population, or utilising the capacity of ex-situ populations to regularly translocate large 

numbers of individuals one could reduce risk of decline through predation, and dramatically reduce the 

length of time taken to gain further populations. 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 unknowns of carrying capacity both for classic and arboreal reserves; only 

in-situ experimentation can form the basis of better parameter estimates. Experimentation with more 

natural reserve types such as in Mape trees should also be encouraged to give viable long term 

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 but now are often as well connected as continental shelves. 

So ŎŀƭƭŜŘ άIuman land bridgesΣέ ƳŜŀƴ that extinction events rarely happen in isolation. 

Quantifying this risk will be key to predicting future invasion, where associations between 

invasives and boat traffic, trade and local reactions will provide predictors of future movement. 

Modelling these associations should be considered a priority. 

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

in invasive predator numbers after introduction. This is given that the endemic can be returned in 
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high enough population densities to reduce impact, and 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 within current extinction risk frameworks due to fine limits of abundance and range. It is 

difficult to reconcile this risk, but it can be predicted and thus become a greater part of policy 

formation alongside a comprehensive understanding of baseline 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 political 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 pressures do not preferentially or 

efficiently targeted the species or its habitat. 

Further historically abundant species island baselines are required, to quantify the impacts of extinction 

pressures in terms of ecosystems. Islands are currently hindered by relatively incomplete environmental 

data and satellite imagery, creating real difficulties when considering them as study sites, and the current 

movement in conservation toward ecosystem service provision is likely to cause the future exclusion of 

islands from funding sources. 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 the reintroduction of Partula, investment into in-situ conservation action is vulnerable 

to minimal return, because of currently un-quantified risk. Our current inability to identify true carrying 

capacity, reserve predation rates, or the impact of a renewed food source on predators 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 of Partula 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 utilisation of a 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 predation pressure with 

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 in-situ planning. 

- E.roseas current 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 shown.  

- 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 land-use change and where possible 

mitigating for climate change in our reserve placement. This can only be 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 have nothing to lose by testing out our 

hypotheses with these species because of the security of many ex-situ populations. The number of 

species available to work with means that there is the potential to run a variety of in-situ experiments at 

one time through an 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 strengthening the experimental 

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

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