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Abstract

This thesis considers the prevalence and spatsttilglition of Salmonellaserovars
amongst wild endemic lizards on offshore islandsuad the coast of New Zealand.
The mean test prevalence of faecal excretionSafmonellawas 4.7%. Skinks
(Scincidag¢ were more likely (8.5%) to be carriers $almonellathan geckos (1.6%).
Each island was host to between one and tBedeonellaserovars that were not found
on any other islands in this study. Two exceptioveye SalmonellaBousso and
SalmonellaMana which were found on two islands within the sageographical area.
Based on the findings of this study, different mgla are likely to be hosts to different
Salmonellaserovars which could have implications for futur@anslocations of native

lizards.

| also assessed the prevalence and spatial disbrbof faecal excretion oddalmonella
Aeromonasand Hafnia alveiwithin Mana Island. The prevalence $&lmonellaon
Mana Island was estimated at 5.8%almonellawas found predominantly in skinks
(10.0%) and less often in geckos (4.1%j). alveiwas found at a prevalence of 1.9%.
No Aeromonaspecies were cultured from any of the cloacal sysiggesting that the
95% confidence interval for the true prevalenc®-8%. Each site sampled in this
study was host to one or more unique serovasalmonellanot found at any of the
other sites. The results of this study indicatet ®almonellaserovars may become
established within populations of lizards and i$ sjread between them. This may be
due to a lack of dispersal of lizards between sit@éising important considerations for
the translocation of native lizards.

| investigated the prevalence of faecal excretibS8amonellaH. alveiandAeromonas
by New Zealand native lizards from two captive gdapans. The mean prevalence of
faecal excretion oSalmonellain the captive lizards sampled was 11.5%. Therge ava
higher prevalence @almonellavithin captive population A (22.0%) than in popidat

B (3.6%). NoAeromonasvas cultured from any of the lizardsl. alveiwas found at a
prevalence of 5.2%. The prevalencé&afmonellaandH. alveiwas significantly higher
in captive lizards than in wild populations. Captilizards may, therefore, not be

appropriate founders for new populations of wilghids.




Finally I assessed the different efficiencies af mvedia and two temperatures in
isolating sixSalmonellaserovars from a reptilian source. All serovarsgegually
well at 37°C and 27°C. For most serovars XLD agas the more successful media
than MacConkey agar but the success of differeiireumedia depended on the
serovar being cultured. Because lizards are fretyurost to a wide range of
Salmonellaserovars, screening samples using multiple mictobical methods is

likely to give the best chance of isolating @&#llmonellaserovars present.
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| conducted the fieldwork, statistical analyses hade written each chapter. My
supervisors have contributed throughout the thegishelp during the fieldwork,

analysis, and write-up stages of the study.




viii

Contents

Abstract
Acknowledgements
Preface

Contents

List of Figures

List of Tables

Chapter One: General Introduction
1.1 Introduction
1.2 Importance of lizard conservation in New Zedlan
1.3 Conservation status and ecology of New Zeatetide lizards
1.4 Human impacts
1.5 Translocation as a conservation tool
1.6 Salmonella
1.6.1Salmonellacharacteristics
1.6.2Salmonellgrevalence and disease in reptiles
1.6.3 Disease outbreaks®délmonellan other wildlife
1.6.4 Reptile-associated salmonellosis in humans
1.6.5Salmonellaculture techniques
1.6.5.1 Isolation media
1.6.5.2 Effects of isolation temperature
1.7Hafnia alvei
1.7.1 Characteristics éfafnia alvei

1.7.2Hafnia alveidisease amongst reptiles

Vii

viii

Xiii

Xiv

10

11

13

14

17

19

20

21

21

22

23

23

23




1.7.3Hafnia alveidisease amongst other wildlife

1.7.4 Human cases biafnia alvei
1.8 Aeromonas

1.8.1 Characteristics éferomonas

1.8.2Aeromonaglisease in reptiles

1.8.3Aeromonasn other wildlife

1.8.4Aeromonasn humans

1.8.5 Microbiological isolation oAeromonas
1.9 Study sites

1.9.1 Korapuki Island

1.9.2 Mana Island

1.9.3 Matiu/Somes Island

1.9.4 Maud Island (Te Hoiere)

1.9.5 Motuopao Island

1.9.6 Cuvier Island (Repanga)

1.9.7 Little Barrier Island (Hauturu)

1.9.8 Stephens Island (Takapourewa)
1.10 Thesis aims and organisation

References

24

25

25

25

25

26

27

27

28

28

29

29

30

31

31

32

32

36

38




Chapter Two: Salmonella enterica in lizards of New Zealand’s offshore islads

Abstract 49
2.1 Introduction 50
2.2 Materials and Methods 53
2.2.1 Study sites 53
2.2.2 Field methods 54
2.2.3 Laboratory isolation @almonella 56
2.2.4 Statistical analysis 57
2.3 Results 59
2.4 Discussion 64
References 71

Chapter Three: A survey of potential pathogens in Mw Zealand native lizards

from Mana Island, New Zealand

Abstract 77

3.1 Introduction 78
3.1.1 Mana (Te Mana o Kupe ki Aotearoa) Island 79
3.1.2Salmonella 81
3.1.3Hafnia alvei 82
3.1.4Aeromonas 82

3.2 Materials and Methods 83
3.2.1 Field methods 83
3.2.2 Laboratory methods 86
3.2.3 Statistical analysis 86

3.3 Results 87




Xi

3.3.1Salmonella

3.3.2Hafnia alvei

3.3.3Aeromonas

3.4 Discussion

References

87

89

89

90

94

Chapter Four: Disease prevalence amongst endemizdrds at captive breeding

facilities

Abstract

4.1 Introduction

4.2 Materials and Methods
4.2.1 Statistical analysis

4.3 Results
4.3.1Salmonella
4.3.2Aeromonas
4.3.3Hafnia alvei

4.4 Discussion

References

Chapter Five: Microbiological isolation of Salmonella from New Zealand

herpetofauna
Abstract

5.1 Introduction
5.2 Methods

5.2.1 Survey

99

100

102

105

105

105

108

108

109

116

121

122

124

124




pll

5.2.2 Experiment

5.2.3 Statistical analysis
5.3 Results

5.3.1 Survey

5.3.2 Experiment
5.4 Discussion

References

Chapter Six: Summary and Recommendations

References

Appendices
Appendix 1
Appendix 2
Appendix 3

Appendix 4

124

125

125

125

127

129

132

137

144

149

150

151

152




Xiii

List of Figures

1.1  Maud Island 4

1.2  Robust skink €. alani registered as Vu by the IUCN red list 6
1.3 North Island and upper South Island showing lacatf islands surveyed in this
study 35

2.1  Location of study sites throughout the Northrnsland upper South Island of

New Zealand 54
2.2  Obtaining an SVL measurement 55
2.3 0. smithiandO. sutericaught in a pitfall trap using dead fish as bait 67
3.1 View across the valley on Mana Island 79
3.2 Cloacal sampling a common gechk. (naculatu} 84

3.3  Aerial map of Mana Island showing location of sisairveyed (adapted from

Google Earth) 85
4.1  Weighing a common geckélpplodactylus maculatys 103
4.2  Minitip swabs used for obtaining cloacal samples 103

4.3  Naultinus elegansne of the only species found positive &&imonellan this
study 107
5.1 Boxplot of CFUs for reptile-associat&hlmonellaserovars grown on XLD and
MacConkey agar 128

5.2 Mean CFU’s grown each day for six reptile-assodi&@almonellaserovars 129




Xiv

List of Tables

1.1  Habitat and distribution dbekkonidaespecies found wild in New Zealand8

1.2  Habitat and distribution &cincidaespecies found wild in New Zealand. 9

1.3  Six subspecies dbalmonella entericadan be designated by names or Roman
numerals 15

1.4  Islands on which lizards were sampled$atmonellan this study 28

1.5 The distribution of lizards on New Zealand’s bifge islands and the origin and
date the founder population was translocated 3 3
1.6  Presence of lizards on New Zealand offshore islanduded in this study that
do not have a history of lizard translocations 34

2.1 Islands on which lizards were sampled$aimonellan this study and dates of
survey 53

2.2 The history of lizard translocations to islandgestigated in this study 56

2.3  Prevalence obalmonellaserovars found on New Zealand offshore islands and
the true prevalence range at the 95% confideneeviait 61

2.4  Prevalence obalmonellaserovars found in New Zealand endemic lizard sgecie
and the true prevalence range at the 95% confideteeal 63

2.5 Numbers of lizard translocations to study sites te corresponding number of
Salmonellaserovars found on the island 64
3.1  Source of lizard translocations to Mana Island 81

3.2  Distribution ofSalmonellaserovars amongst native lizards on Mana Islandy Ne
Zealand 88

4.1: Lizard species sampled in population A and thegrage prevalence bf.
alveiandSalmonellawithin species 106
4.2 : Lizard species sampled in population B and thregrdage prevalence bf.

alveiandSalmonellawithin species 106




XV

5.1 Number of samples found to be positive when tesigidg each of the four
microbiological methods 126
5.2 Mean CFUs for six reptile-associat8dlmonellaserovars 127
5.3 Mean CFUs growth at 27°C and 37°C 128




