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ERRATA
Abstract

p.ii, lines 3-4:

Rodent control was carried out continuously rather than using a single application of poison.
Bait stations were topped up with Brodifacoum poison every 21-42 days over a period of 19
months.

p.ii, lines 12-13

Numbers of empty Powelliphanta traversi traversi shells found in each area decreased by
approximately half when the interval between samples was reduced from 12 to 7 months (i.e.
by approximately half). This suggested that the accumulation of shells in each area was
related linearly to time rather than being strongly affected by any seasonal variation.

Chapter 3
p.23, lines 6-11

There were certain constraints in selecting suitable areas for this experiment, which lead to
constraints in the experimental design. Poisoning had to be done over areas >200m across in
order to successfully reduce rodent numbers and prevent re-invasion in the centres of the
areas. Working on this assumption, only four large areas were available at Lake Papaitonga
Scenic Reserve, and this resulted in only two replicates being possible.

p-25. lines 10-11

Permanent quadrats were used throughout the study, instead of a number of randomly chosen
quadrats each time, to obtain mortality data by removing empty shells from these quadrats
when they were searched. This was essential in determining the effect of reducing rat
numbers in the areas that were poisoned. Consequently, a repeated measures design was
used. The size of the quadrats (100m?) ensured that sufficient numbers of snails and empty
shells could be found, and were used as a compromise between a single larger quadrat and
many smaller quadrats. It was also hoped that the quadrats established by this study would be
used for further monitoring of P. 1. traversi.

Chapter 4
p.51, lines 22-28

The main aim of the research was to determine what might happen to P. t. traversi in areas
affected by Tradescantia fluminensis if this weed is removed. To answer this question, the
use of T. fluminensis affected habitat by P. t. traversi was assessed, taking into account such
factors as snail density in T. fluminensis affected habitat and native habitat, the size of the
snails in each habitat type, and the effects of habitat type on snail movements. Ultimately, T.
fluminensis removal experiments will need to be conducted to determine actual effects to P. .
traversi.



Chapter 5
p.82, lines -5

The effect of Grazon herbicide on Cantareus aspersus was tested further using a Chi-square
test to compare mortality of the different treatments at 149 days after spraying. This
confirmed a highly significant difference between treatments overall (}? value = 76.48; df =2;
P<0.001). It also showed a slightly non-significant interaction effect between treatment and
age class (2 value = 24.98; df =2; P=0.057).
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Abstract

Powelliphanta traversi traversi (Powell) was studied at two forest remnants in the Horowhenua
District. The effects of introduced predators, predator control, the invasive weed Tradescantia
fluminensis (Vell.), and Grazon® herbicide on these snails were investigated. Brodifacoum poison
was used in two areas of Lake Papaitonga Scenic Reserve to determine the effect of rodent control
on P. t. traversi. Mouse abundance (inferred from tracking tunnel indices) was reduced in both
poisoned areas below levels observed in two other areas that were not poisoned. Rat abundance was
reduced below pre-poisoning levels but only to levels below one of the non-poison areas. In each
poison and non-poison area, four 100m? quadrats were searched for P. 1. traversi snails immediately
before poisoning, and 12 and 19 months after poisoning commenced.  After 19 months, only one
poisoned area showed an overall increase in the number of snails, with significantly more live snails
found (45) than at either of the two previous searches (22 before poisoning and 28 after 12 months
of poisoning) (P<0.05). Numbers of empty P. . traversi shells found in each area decreased at each
search suggesting that shell accumulation is constant rather than seasonal. Rats were the greatest
identified predator of P. 1. traversi at Lake Papaitonga (17.87% of all empty shells), but the
proportion of shells damaged by blackbirds and song thrushes was also high (11.91% of all empty
shells) and increased from pre-poisoning numbers in three of the areas. Overall, there was no
conclusive evidence to suggest that the numbers of live P. 1. rraversi increased as a result of rodent
poisoning during the time period of this study. The effect of 7. fluminensis on the movements of P.
1. traversi at Prouse Bush was determined using harmonic radar. There was large variation in the
movements and a highly significant difference between individual snails (P<0.01), with some snails
regularly moving between areas of T. fluminensis and leaf litter. There was no significant difference
in the mean daily displacement of movements by snails in leaf litter and 7. fluminensis, but T.
fluminensis did appear to affect home range size. Snails always found under 7. fluminensis had
significantly smaller mean 90% home range estimates (43.91 m?) than snails that were only ever
found in leaf litter or those that moved between litter and T. fluminensis (171.35 m? and 610.14 m?
respectively) (P<0.05). Snails in T. fluminensis had a significantly wider size-frequency distribution
than those in leaf litter (P<0.05) and no live snails <35mm were found in leaf litter. There was no
significant difference between the size-frequency distributions of empty shells found in both
habitats, but their density was significantly greater in leaf litter (P<0.05). Powelliphanta traversi
traversi regularly use 7. fluminensis as a habitat and any control measures affecting this weed in
native bush remnants need to be considered with regard to their possible effects on these snails. The
toxicity of a 1.4% Grazon® solution (active ingredient triclopyr) to P. r. traversi was investigated by
first using three life history stages of the brown garden snail (Cantareus aspersus Miiller). After

149 days, there was significantly greater mean mortality of C. aspersus exposed to a direct spray and
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to a sprayed environment (82.34% and 78.40% respectively) than in a control treatment (36.95%)
(P<0.05). Cantareus aspersus egg mortality (86.00%) was significantly greater than adult and
juvenile snail mortality (66.86 and 62.20% respectively) (P<0.05). Five P. 1. traversi snails were
also exposed to a single environmental spray of a 1.4% Grazon solution but no mortality or
detrimental effects were observed after 149 days. A 1.4% Grazon solution does not appear to be
toxic to P. r. traversi snails when sprayed on leaf litter where the snails live so Grazon appears to be

a suitable herbicide for controlling T. fluminensis in forest remnants containing P. 1. rraversi.



Acknowledgements

As I am writing this, it must all be coming to an end. It has been a long journey getting here,
but thanks to the help of so many people I have made it through. Because so many people
helped me, in so many different ways, the following is a list of those I can remember to
whom I am greatly indebted. I apologize to anyone I have failed to include and assure you

that your help was greatly appreciated and did not go unnoticed.

I must begin by mentioning the special group of people that constitute the Ecology Group at
Massey University. Of special note must be Cathy Lake, Paul Barrett, Hayden Hewitt,
Hamish Mack, and Tracy Harris who helped me in so many ways that to mention them all
would be impossible. Grant Blackwell helped with my predator control work greatly and
always had answers to my questions. Ross Martin supplied tracking tunnel bases. Jens
Jorgenson helped with equipment and tools. For getting dirty helping me look for snails,
thanks to Melissa, Amy, Sharon, Hilary, Debbie, Evette. Jodi Matenga, Erica Reed, and
Barabara Just made my life as a postgraduate bearable, as did all the other postgraduate
students in the Ecology Group. Peter Van Essen and Drs Murray Potter and Gillian Rapson

helped with plant identification and analysis of results.

I also received a great deal of assistance from many other people. David Mudge, Len Doel,
Brian Bruce (Red Sky Film), Ian Townsend, and Paul Barrett (Auckland Zoo) each supplied
me with their expertise and enthusiasm. Graham and Jan Taylor gave me a place to stay
when I needed it. At Massey University, Duncan Hedderley helped with statistics, and Mark

Osborne and Kerry Harrington supplied herbicide and spray equipment.

I would particularly like to thank Rachel Standish and my supervisors, Drs Ian Stringer and
Alastair Robertson, for their knowledge, assistance in the field, and the development and

revision of this thesis.

This investigation was made possible by funding from the Department of Conservation.
Special thanks to Ian Cooksley and Kath Walker for their expertise, input, and answers to all

those questions. Thanks also to David Agnew, Philippa Crisp, Raewyn Empson, Christine



Reed, and all the other Department of Conservation staff who helped with fieldwork,

permits, and feedback on ideas.

I would especially like to thank Callum Kay and John Lepper for their friendship and help
over the last few years, and also Matt Wong, Scott Bowie, and Susan Greenwood. Special
thanks to my entire family for their support and interest, and to Miranda Olliff for all her
help in the field, constructive criticism, and for getting me working and distracting me when

I needed each most. This thesis is in part yours.

This is dedicated to my parents, Carol and Jim. Without their support and belief I would not

have been able to do this.



vi

Contents

Title page 1
Abstract 1l
Acknowledgements v
Table of Contents vi
List of Figures vii
List of Tables 1X

CHAPTER 1. Introduction.

ot

References 6

CHAPTER 2. Study sites and General methods. 9
2.1 Study sites 9

2.2 General methods 13

References 17

CHAPTER 3. The effects of introduced predators and predator control

on Powelliphanta traversi traversi (Powell). 19
3.1 Introduction 19

3.2 Methods 23

3.3 Results 26

3.4  Discussion 37
References 43

CHAPTER 4. The effects of Tradescantia fluminensis (Vell.) on movement

and distribution of Powelliphanta traversi traversi (Powell). 49
4.1 Introduction 49

4.2 Methods 52

4.3 Results 54

4.4 Discussion 63
References 69

CHAPTER 5. Effects of Grazon® herbicide on the Brown Garden snail
(Cantareus aspersus Miiller) and Powelliphanta traversi

traversi (Powell). 73

5.1 Introduction 13

5.2 Methods 77

5.3 Results 79

54 Discussion 85

References 89

CHAPTER 6. Summary and Recommendations. 94
References 96

Appendix 1.  Shell damage caused by predators of Powelliphanta traversi
traversi (Powell) snails. 97

Appendix 2.  Summary of relocations using harmonic radar. 101



Figure 1.1
Figure 2.1.1
Figure 2.1.2
Figure 2.2.1
Figure 2.2.2(a)

Figure 2.2.2(b)

Figure 2.2.3
Figure 2.2.4

Figure 3.2.1

Figure 3.2.2
Figure 3.3.1

Figure 3.3.2

Figure 3.3.3

Figure 3.3.4

Figure 3.3.5

Figure 3.3.6

Figure 3.3.7

List of Figures

Distribution of Powelliphanta traversi.

Aerial photograph of Lake Papaitonga Scenic Reserve.
Aerial photograph of Prouse Bush.

Shell measurements used in this study.

Ventral view of Powelliphanta traversi traversi found at
Lake Papaitonga.

Ventral view of Powelliphanta traversi traversi found at
Prouse Bush.

Transponder sizes used for harmonic radar tracking.
Powelliphanta traversi traversi snail with transponder and
spool attached.

Map of Lake Papaitonga Scenic Reserve showing
experimental areas.

Cut-away view of rodent tracking tunnel showing construction.
Percentage of tunnels with rat tracks in each of the four areas
at Lake Papaitonga Scenic Reserve.

Percentage of tunnels with mouse tracks in each of the four
areas at Lake Papaitonga Scenic Reserve.

Mean (£S.E.) number of live P. t. traversi snails found in each

area of Lake Papaitonga Scenic Reserve before poisoning began.

Mean (£S.E.) number of live P. 1. traversi snails found at each
search in each area of Lake Papaitonga Scenic Reserve.
Size-frequency distributions (maximum shell length) of live
P. t. traversi found during searches in 1998, 1999 and 2000,
in area P1 and P2 at Lake Papaitonga Scenic Reserve.
Size-frequency distributions (maximum shell length) of live
P. t. traversi found during searches in 1998, 1999 and 2000,
in area N1 and N2 at Lake Papaitonga Scenic Reserve.
Numbers of empty P. t. traversi shell found during searches

in each area of Lake Papaitonga Scenic Reserve.

Vil

10

12

13

14

14
16

17

27

27

30

32

23

35



Figure 3.3.8

Figure 4.3.1

Figure 4.3.2

Figure 4.3.3

Figure 4.3.4

Figure 4.3.5

Figure 5.3.1

Figure 5.3.2

Figure 5.3.3

Figure 5.3.4

Figure Al.1
Figure A1.2

Figure A1.3

Figure A1.4

Size-frequency distributions (maximum shell length) of whole,
rat damaged, bird damaged, and other partial shells.
Size-frequency distribution (maximum shell length) of snails
in Prouse Bush that had transponders attached.

Numbers of movements by snails with transponders in three
different habitats and between these habitats in Prouse Bush,
observed using harmonic radar relocations of snails.
Frequency distributions of maximum shell length for live
snails found in leaf litter and 7. flurminensis.

Frequency distributions of maximum shell length for empty
shells found in leaf litter and 7. fluminensis.

Time of year when dead snails with transponders were found
dead in the three different habitats at Prouse Bush.
Cumulative mean percentage mortality of adult C. aspersus
in each treatment over 149 days.

Cumulative mean percentage mortality of juvenile C. aspersus
in each treatment over 149 days.

Percentage mortality of C. aspersus adult snails, juvenile
snails, and eggs after 149 days.

Overall mean percentage mortality for each treatment and

C. aspersus life history stage.

Damage to P. t. traversi shells caused by Stoats.

Damage to P. t. traversi shells caused by North Island

Kaka during first trial.

Damage to P. t. traversi shells caused by North Island

Kaka during second trial.

Damage to P. t. traversi shell caused by a mouse.

viii

36

54

35

61

61

63

80

80

81

81
97

99

99
100



Table 3.3.1

Table 3.3.2

Table 4.3.1

Table 4.3.2

Table 4.3.3

Table 4.3.4

Table 4.3.5

Table 5.2.1

Table 5.3.1

Table 5.3.2
Table 5.3.3

Table A2

List of Tables

Summary of rat tracking indexes at Lake Papaitonga.
Summary of mice tracking indexes at Lake Papaitonga.
Comparison of movements by snails in three habitats and
when a snail changed habitat.

Habitat changes made by 15 snails with transponders
attached to their shells.

Mean home range sizes (m?) and sample sizes for snails in
leaf litter, T. fluminensis, and in both habitats (combination).
Summary of movements in leaf litter and 7. fluminensis by
P. t. traversi snails with spools attached to shells.

Results of searches to estimate P. t. traversi density in leaf
litter and 7. fluminensis at Prouse Bush.

Experimental procedure of the three treatments used for each
age class of the brown garden snail.

Results of general linear model (repeated measures ANOVA)

fitted to C. aspersus mortality data.

Summary of overall changes in measures of P. t. traversi snails.

Maximum diameter of shell, maximum width of shell, and
weight of P. 1. traversi eggs.
Summary of data collected from snails with harmonic radar

transponders attached.

ix

28

56

37

60

77

83

85

101



