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Abstract: 

Powelliphanta traversi traversi Powell was studied at two sites in the 

Horowhenua. The use of an harmonic radar allowed the snails to be relocated , 

and followed for 20 months in their natural habitat. Morphometries, population 

sizes, diet, movement, dispersal , and predation were examined . Different 

formae (morphs) lived at each site but mean shell lengths (43 .2 mm at 

Papaitonga, 42.41 mm at Makahika) did not signif icantly differ. Frequency 

histograms of shell length for live and dead P. t. traversi were of similar shapes 

and there were few small shells. This could suggest that mortality was constant 

regardless of age , that young grow rapidly, or they live for a long time once full 

sized . The mean growth of new shell to the lip of the shell was found to be 1.71 

mm (range 0.11 - 6.82 mm).The densities were not sign ificantly different at 

each study site at 282 snails ha-1 for Papaitonga and 300 snails ha-1 at 

Makahika. A significantly positive correlation was found between P. t. traversi 

presence and leaf litter depth . Karaka ( Corynocarpus laevigatus) was the only 

plant that was consistently found in quadrats with high snail numbers . The 

number of empty shells in a quadrat was a poor pred ictor of the number of live 

snails present. P. t. traversi were nocturnal and moved slowly in comparison to 

the garden snail H. aspersa. P. t. traversi were not active continuously though 

the night, and moisture related factors were the only significant predictors of 

movement. The most active snail moved 152 m in 107 days. Maximum 

displacement from point of origin averaged 49.8% of total movement. I suggest 

movement could be random, but appeared to adhere to a home-range. Limited 

dispersal suggested that fragmented P. t. traversi colonies should be 

considered discrete populations. The primary predator of P. t. traversi was the 

ship rat Rattus rattus. There was no evidence of predation from the brushtail 

possum, Trichosurus vulpecula, an important Powelliphanta predator in other 

localities. Diet and water uptake of P. t. traversi was examined in the laboratory. 

P. t. traversi appeared not to drink, but rather obtained water via integumentary 

absorption. Full hydration was reached in around th ree hours. Earthworms were 

the only food items consumed in this study. The snails did not forage in dry 

conditions. 



Prologue: 

This thesis deals with several aspects of the ecology and behaviour of 

Powelliphanta traversi traversi. Each chapter is intended to encompass a 

subject area and stand alone. For brevity, and to reduce repetition, reference 

will be made to other chapters where appropriate. Because of this format, 

relevant literature reviews and references are included in each chapter rather 

than together at the end of the thesis in their own respective sections. This will 

enable all the information in a subject area to be presented where most 

appropriate. 



Acknowledgments: 

I always intended to do as much of this thesis as independently as possible. For 
this reason it is somewhat of a surprise to see how many people have aided me 
in the quest for the final product. I do not want to dwell too much on individuals, 
not because their input was not important, but because it is all too easy to leave 
out someone who played an important role . It is also difficult to say who helped 
the most, from those who spent a great deal of their own time to come into the 
field with me, to the people who cheered me up with a quick comment when 
times were difficult . 

Ideas gained in 'time wasting' conversations with students in TVL and the 
postgrad room helped create new directions of study and improved much of the 
work I did . These conversations also showed me that if you desire creativity 
then you must nurture it by allowing freedom and time to think. In my time in the 
Ecology Department I have been fortunate to associate with creative people, 
even if they are yet to recogn ise th is qual ity in themselves yet . Creativity is a 
rare and important trait that is not always rewarded in today's time pressured 
academic world , but I am sure will pay off for these people in time. 

For those who are not listed below but have helped , I am truly sorry and in no 
way does th is detract from the assistance you have given me. 

On an official level I thank the Wel lington Shell Club for transport and thesis 
production costs, the Massey Research Fund for travel costs and the 
Department of Ecology who funded approximately half this project from 
Departmental funds. 

Brian Carter from the Carter Observatory and Kevin McGill of Met Service New 
Zealand provided Sun , Moon and Climatological data to me happily and at no 
cost, a wonder in today's commercial world. The aid that, Raewyn Empson, 
Brian Gascoigne, and the Threatened Species Unit gave in providing me with 
permits made the project possible . 

lan Cooksley from the Department of Conservation Waikane Field Centre 
helped with his knowledge of local Powelliphanta, gave the initial go ahead with 
the project and provided me with a great deal of historical information. Kath 
Walker, the Conservancy Advisory Scientist for the Department of Conservation 
Nelson I Marlborough Conservancy helped by identifying predators from 
damaged shells, gave me advice, and selflessly provided me with her work prior 
to publ ication. Both lan Cooksley and Kath Walker allowed me to use 
numerous personal comments as did Murray Efford from Landcare in Dunedin. 
Murray also helped with the methodology of faecal analysis. David Havil of the 
Manawatu Polytechnic provided invaluable help with Rat Indexing and shell 
analysis. He took time out from work to help me set trap lines as well as 
providing the traps themselves. Gary Barker from Landcare in Hamilton helped 
me add the finishing touches to this thesis with the provision of species names 
and naming authors for several exotic molluscan species. 



1 thank my father Carrick for his inspiration, advice, criticism of drafts and 
financial support . My sister Cathy helped greatly in the field and remains one of 
the few social workers with snail hunting skills, although she always seems to 
leave this off her CV. My Grandfather Keith Flemming funded me through 
several of my undergraduate years, without him I wouldn 't have even started 
this project. 

An incredible number of people gave their time to help me in the lab, the bush 
or with ideas. Of special note were Halema Flannagan and Cathy Lake who 
helped with vegetation surveys and taught me a lot about things botanical. 
Grant Blackwell both explained how to conduct my predator density 
experiments, and helped me set them up. He was also invaluable in improving 
my understanding predator-prey interactions. Jay McCartney along with Nick 
Gillingham helped finish off the majority of my quadrat searching and 
continually provided ideas, insights and support. Anita Kauraria, Chris Currie 
and Kim McBreen, also ended up in the bush helping when they least expected 
it. Adam Broadley, Tamsin Ward-Smith and Penny Aspin helped with setting up 
video equipment and photography. Vaughn Keesing helped me a lot at the 
start, and Gavin Hunt helped at the end. Emma Baraclough helped me in so 
many intangible ways and I wish her the success that she so richly deserves. 

Within our Department, many staff generously gave their time and advice 
whenever needed. They were Drs. Murray Potter, ian Henderson, Gillian 
Rapson , and Russel Death . ian Latta helped immensely early on with electronic 
advice, Jens Jorgenson for sorted out equipment and provided tools and Paul 
Barrett provided and fixed the thermohydrograph . Barbara Just was very good 
to me and showed that finding and acquiring equipment is best left to 
professionals. The secretarial staff of Petra, Erica, Kirsty, Sheila, Karen, and 
Jodie are friends and always did more than their jobs required. Thankyou to Liz 
Nicholas from the Department Plant Biology and Biotechnology who allowed 
me to use room A25 and a special thanks to Associate Professor David 
Fountain and Jenny McDonald also from Plant Biology for their support and 
enthusiasm at a difficult time for me. 

I am indebted to Suzanne Bassett who was a mine of information in putting this 
thesis together. She showed me that strength must first come from within and 
that in the end persistence pays off. 

I would particularly like to thank my supervisors, Drs ian Stringer, Alistair 
Robertson and Gabor Lovei for their experience, varying specialist knowledge, 
advice, professional contacts, help in the field and revision of drafts. It must be 
hard to work with a student you see so rarely, but on the bright side we are still 
on talking terms! 

I am grateful to Christian Cook for helping motivate me, reading drafts, for 
constructive criticism, and for giving me time to finish while working full-time . On 
that note, and finally, I would like to thank every one in the Animal Stress and 
Welfare Programme at M.I.R.I.N.Z. who gave me the motivation and time to 
finish this project at a incredibly difficult time for us all (it is not often that the 
person finishing a thesis is the least stressed person in a group). This of course 



leads to the question, is this thesis a means to an end or a end unto itself? 
Well, I don 't know, but at least its over. 



Contents 
Abstract 
Prologue 
Acknowledgements 
Table of Contents 
List of Figures 
List of T abies 

Chapter 1. Introduction. 

Chapter 2. Sites and General Methods. 

Chapter 3. Powelliphanta traversi traversi (Mollusca: 
Pulmonata), its classificat ion , morphometries, 
population structure, and growth. 

Introduction 
Methods 
Results 
Discussion 
References 

Chapter 4. The distribution , and relationship between habitat 
and density of Powelliphanta traversi traversi 
(Mollusca: Pulmonata) . 

Introduction 
Methods 
Results 
Discussion 
References 

Chapter 5. Seasonal , short term , and nightly movement of 
Powelliphanta traversi traversi (Mollusca: 
Pulmonata) 

Introduction 
Methods 
Results 
Discussion 
References 

ii 
iii 
iv 
vi 

viii 

1 

9 

15 
15 
18 
20 
29 
35 

38 
38 
40 
41 
46 
50 

52 
52 
54 
59 
68 
72 



Chapter 6. Diet and water uptake of the Native land snai l 
Powelliphanta traversi traversi (Mollusca: 
Pulmonata) 

Introduction 
Methods 
Results 
Discussion 
References 

Chapter 7. Predators and predation of Powelliphanta traversi 
traversi (Mollusca: Pulmonata) 

Introduction 
Methods 
Results 
Discussion 
References 

Chapter 8. Summary and Recommendations 

Appendices 

One. 

Two. 

Three. 

Four. 

Classification of P. t. traversi. 

Regression equations for chapter five data 
approximation and movement diagrams for P. t. 
traversi. 

The acute effects of adhesive application to the 
shell of Helix aspersa Muller (Mollusca: Pulmonata) 

Introduction 
Methods 
Results 
Discussion 
References 

The development of Harmonic Radar transponders 
for use on native New Zealand land snails. 

Introduction 
Methods 
Results 
Discussion 
References 

75 
75 
76 
79 
81 
83 

86 
86 
88 
94 
99 

104 

107 

110 

111 

113 

121 
121 
122 
123 
124 
126 

127 
127 
128 
131 
134 
136 



List of Figures 

Figure 1. 1. Map of New Zealand showing sites from where 
Powelliphanta have been reported. 

Figure 2.1. Map of Papaitonga Scenic Reserve showing 
quadrat locations 

Figure 2.2. Cumulative standard errors for the number of 
snails found in each quadrat. 

Figure 3.1. Shell measurements used in this study 

Figure 3.2a. Frequency histogram of shell lengths of live snails 
found at Papaitonga Scenic Reserve 

Figure 3.2b. Frequency histogram of the maximum shell length 
for empty shells found at Papaitonga Scenic 
Reserve 

Figure 3.3a. Frequency histogram of the shell lengths of live 
snails found at Makahika Scientific Reserve . 

Figure 3.3b. Frequency histogram of the shell lengths of empty 
shells found at Makahika Scientific Reserve. 

Figure 3.4. Relationship between initial shell length and % 
increase in shell length over time. 

Figure 3.5. Relationship between initial size and yearly 
increase in shell length. 

Figure 3.6. Growth as expressed by the difference in two 
width measurements. 

Figure 4. 1. Ordination diagram for Canopy and Litter 
categories combined. 

Figure 5.1. Snail with bobbin attached. 

Figure 5.2. Long term movement for snails 56, 59, 62, 72, 
and 78. 

3 

11 

12 

19 

23 

23 

23 

23 

28 

32 

32 

32 

57 

63 



Figure 6.1. Snail mass versus time that dehydrated snails 
were exposed to water. 81 

Figure 7.1. Empty P. t. traversi shells . 89 

Figure 7.2. Map of Papaitonga Scenic Reserve showing 
location of rat traps and trap lines. 91 

Figure 7.3. Snap trap and Aluminium cover. 92 

Figure 7.4. P. t. traversi with copper strip protecting the lip of 
its shell. 93 

Figure 7.5. Histogram of the gut contents of ten R. rattus. 99 

Fig. a4.1. Transponders and orientations used for part A. 130 

Fig. a4.2. Relationship between single wire antenna length 
for the Z30 40 diode. 132 

Fig. a4.3. Relationship between single wire antenna length 
for the Z32 32 diode. 132 

Fig. a4.4. Relationship between single wire antenna length 
for the Reco S2 diode. 132 

Fig. a4.5. Relationship between single wire antenna length 
for the HP 28 35 diode. 132 

Fig. a4.6. Various antenna shapes and sizes combined with 
the Z 3040 diode. 134 



List of Tables 

Table 3.1. Papaitonga Scenic Reserve: Size comparison 
between shells of live and dead snai ls found in 17 
quadrats, Mann-Whitney U test. 20 

Table 3.2. Makahika Scientific Reserve: Size comparison 
between shells of live and dead snai ls found in 
five quadrats, Mann-Whitney U test. 20 

Table 3.3. Comparison between shell lengths of all shells 
found at Papaitonga and all shells found at 
Makahika, Mann Whitney U test. 21 

Table 3.4. Dimensions of shells of P. t. traversi at 
Papaitonga Scenic Reserve. 22 

Table 3.5. Dimensions of shel ls of P. t. traversi at Makahika 
Scientific Reserve. 22 

Table 3.6. Growth rates of 13 P. t. traversi at Papaitonga 
Scenic Reserve expressed as changes in each of 
three dimensions. 25 

Table 3.7. Results of Spearman-rank correlations between 
the three measures of growth. 26 

Table 4.1. Height categories of f lora for vegetation survey. 40 

Table 4.2. Quadrat search summary, Papaitonga Scenic 
Reserve . 41 

Table 4.3. Quadrat search summary Makahika Scientific 
Reserve. 42 

Table 4.4. Spearman-Rank correlation between numbers of 
live snails and empty shells in each quadrat. 43 

Table 4.5. Between site comparison for numbers of snails 
and or shells per quadrat, Mann-Whitney U test. 45 

Table 5.1. Factors that were related to variation in movement 58 

Table 5.2 Summary of activity onset and termination in 
captive P. t. traversi. 59 



Table 5.3. Speed of four timed locomotory movements in 
captive P. t. traversi. 61 

Table 5.4. Summary of intensive long term movement study 
of P. t. traversi followed with the harmonic radar. 65 

Table 5.5. Dispersal from where each snail was initially found 
on 09/01 /96 and 28/09/96. 66 

Table 5.6. GLM ANOVA table for variables effecting 
movement. 67 

Table 5.7. Stepwise procedure result for variables effecting 
movement. 67 

Table 6.1 . Response to potential food items offered to P. t. 
traversi. 79 

Table 6.2. Summary of water uptake in four captive P. t. 
traversi 80 

Table 7.1. Mortality and incidence of predation in 20 live P. t. 
traversi monitored at Papaitonga Scenic Reserve. 94 

Table 7.2. Empty shells found within quadrats at Papaitonga 
Scenic Reserve. 95 

Table 7.3. Empty shells found within quadrats at Makahika 
Scientific Reserve . 95 

Table 7.4. Comparison between shell lengths: Predator 
damaged shells versus other P. t. traversi shells, 
Mann-Whitney U test. 96 

Table 7.5. Summary of rats trapped at Papaitonga Scenic 
Reserve. 97 

Table 7.6. Possum trapped at Papaitonga Scenic Reserve in 
1994. 97 

Table 7.7. Possum trapped at Papaitonga Scenic Reserve in 
1995. 97 

Table a1.1. Classification of Powelliphanta traversi traversi. 111 

Table a3.1. Treatment of study animals. 122 



Table a3.2. Response of H. aspersa to experimental 
manipulations. 

Table a4.1. Maximum detectable distance for all diodes 
tested. 

Table a4.2. Relationship between detectable distance for 
transponders manufactured from Z 30 40 diode
copper sheeting combinations. 

124 

131 

133 


