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Abstract

This thesis considers the prevalence and spatial distributiddalofonellaserovars
amongst wild endemic lizards on offshore islands around 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 tBedmonellaserovars that were not found

on any other islands in this study. Two exceptions wgaitnonellaBousso and
SalmonellaMana which were found on two islands within the same geographical area.
Based on the findings of this study, different islands are likely to be hosts to different
Salmonellaserovars which could have implications for future translocations of native

lizards.

| also assessed the prevalence and spatial distribution of faecal excred@imohella,
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 swabs, suggesting that the
95% confidence interval for the true prevalence is 0-3%ach site sampled in this
study was host to one or more unique serovaBSalimonellanot found at any of the

other sites. The results of this study indicate ®alimonellaserovars may become
established within populations of lizards and is not spread between them. This may be
due to a lack of dispersal of lizards between sites, raising important considerations for

the translocation of native lizards.

| investigated the prevalence of faecal excretioBamonellaH. alveiandAeromonas

by New Zealand native lizards from two captive populations. The mean prevalence of
faecal excretion oalmonellain the captive lizards sampled was 11.5%. There was a
higher prevalence of Salmonella within captive population A (22.0%) than in population
B (3.6%). NoAeromonasvas cultured from any of the lizardsl. alveiwas found at a
prevalence of 5.2%. The prevalence of Salmonella and H.vaagesignificantly higher

in captive lizards than in wild populations. Captive lizards may, therefore, not be

appropriate founders for new populations of wild lizards.




Finally | assessed the different efficiencies of two media and two temperatures in
isolating six Salmonellaerovars from a reptilian source. All serovars grew equally
well at 37°C and 27°C. For most serovars XLD agar was the more successful media
than MacConkey agar but the success of different culture media depended on the
serovar being cultured. Because lizards are frequently host to a wide range of
Salmonella serovars, screening samples using multiple microbiological methods is

likely to give the best chance of isolating all Salmonella serovars present.
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General Introduction

1.1 Introduction

New Zealand’'s endemic reptile fauna is the most diverse of any temperate archipelago
(Towns and Daugherty 1994). Only one species of lizard has successfully established in
New Zealand from overseas; the Australian skib&ngpropholis delicata), all other
species are endemic to New Zealand. New Zealand reptiles include two species of
tuatara $phenodon punctatus and Sphenodon gunthed approximately 60 species of
lizard (Daugherty et al 1994; Towns et al 2001; Towns and Ferreira 2001; Department
of Conservation 2002). All endemic geckos and skinks give birth to live young, except
Oligosoma suterimore commonly known as the egg-laying skink (Gill and Whitaker
1996).

Since human colonisation of New Zealand there has been a rapid decline in both the
abundance of lizards and the availability of suitable habitat (Daugherty et al 1994;
Towns and Daugherty 1994; Towns et al 2001). In 2001 all free-living tuatara and 37%
of endemic lizard species were confined to off-shore islands, the remainder are confined
to small ‘islands’ of remnant habitat on the mainland (Towns and Daugherty 1994;
Towns et al 2001).

Unfortunately, New Zealand also has more introduced mammalian predators than any
other archipelago (Towns et al 1997; Towns et al 2001) and together with habitat loss
this is described as being the driving force behind reptilian declines in New Zealand
(Towns and Daugherty 1994). It is now considered that one-quarter of geckos and one-
half of skinks require urgent conservation action (Towns et al 2001). The main strategy
for the recovery of New Zealand reptiles is to establish populations on islands where
introduced pests have been eradicated and on which extensive replanting programmes

are undertaken in order to restore a suitable habitat (Towns 1999; Towns et al 2001).




4 Chapter One — General Introduction

Figure 1.1: Maud Island, extensive replanting has been undertaken on this island

although its agricultural history is still evident in many places.

Unfortunately, the suitable habitat on these islands often occurs in patches that can only
sustain small populations of lizards. They also restrict the ability for dispersal between
populations of lizards, resulting in genetic deterioration within the population (Caughley
and Gunn 1996). This raises the necessity of translocating lizards between islands or

from captive-bred populations back into the wild in order to improve genetic diversity.

The translocation of rare and endangered animals has now become a common and
widely accepted conservation technique, especially where the animals have previously
been restricted to small fragmented habitats that limit dispersal (Woodford and Rossiter
1994). Throughout this thesis translocation is defined according to the IUCN (1987)
definition — “The movement of living organisms from one area with free release in
another”. In many cases these translocations occur as part of a greater restoration
programme aimed at restoring the natural ecosystems of islands and where possible
should involve only species thought to have occurred in the area prior to human
habitation (IUCN 1987).
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The presence and possible spread of disease is an important consideration when
translocating any animal to a new area (Woodford and Rossiter 1994). Few studies
have been conducted in New Zealand on the prevalence and importance of commonly
encountered pathogens in endemic reptiles. Two bacterial path&@manella and
Aeromonas are commonly encountered in reptiles overseas and frequently cause
invasive disease. However, no comprehensive study has been conducted on the
prevalence of these organisms amongst New Zealand native reptiles. Little is known
about the importance of another bacterial pathogfnia alvej which was recently

isolated from tuatareSpphenodon punctatuen Stephens Island (Gartrell et al 2007).

1.2 Importance of lizard conservation in New Zealand

Biological diversity, or biodiversity, has been defined as the “structural and functional
variety of life forms at genetic, population, species, community and ecosystem levels”
(Gaston 1998). Biodiversity should be maintained for many reasons, including on

commercial, intrinsic and aesthetic grounds.

The extent of the role lizards play in New Zealand’s ecosystems is only just beginning
to be understood. Recent studies have found lizards are the primary seed dispersers and
pollinators of many indigenous plant species (Wotton 2002; Olesen and Valido 2003).
The fruit of New Zealand native divaricating shrubs is often located deep within the
plant and on the underside of branches, apparently inhibiting access to the fruit by other
vertebrate frugivores (Wotton 2002)Wotton (2002) found lizards played an important

role in local or short distance seed dispersal of Coprosma propinqua.

Lizards are also of considerable cultural importance to the indigenous people of New
Zealand. Maori feared lizards, known asanaga, as they were seen as the earthly
representatives of Whiro, the god of darkness, evil and death (Reed 1963a). It was
believed that lizards crawled into the mouths of people while they were sleeping and
gnawed at their insides, resulting in illness and death (Reed 19N3bjtinus elegans
(green gecko), named by the Maori people moKaikki, were thought to be the most

evil of all the lizards. Reptiles are also represented as kaitiaki (guardians) and are often
released near burial sites to watch over the dead (Orbell 1995). Carvings of lizards were
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frequently used to guard the entrances of meeting houses (wharenui) to ensure the safety
of both the building and those who used it.

1.3 Conservation status and ecology of New Zealand native lizards

Geckos and skinks are renowned for their colonising ability and are generally thought to
have arrived in New Zealand by ‘rafting’ after the split from Gondwanaland 80 million
years ago (Patterson 2000). New Zealand is now home to approximately 60 species of
lizard (Towns et al 2001; Department of Conservation 2002) and this number continues
to increase as further research is conducted in this area (Gill and Whitaker 1996). Of
these 60 species many have not yet been formally named and, with one exception, are
endemic to New Zealand (Department of Conservation 2002). The current status of
lizards in New Zealand is such that around 30 species (50%) are threatened or
endangered, a further 43% or 26 species are entirely or predominantly restricted to
offshore islands (Daugherty et al 1994) and they all have complete protection under the
Wildlife Act (Department of Conservation 2002).

TN Y . / o 3 P F

Figure 1.2: Robust skink@. alanj registered as Vu by the IUCN Red List
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New Zealand lizards (Lacertilia) fall into four genétaplodactylusandNaultinusfrom

the family Gekkonidae(geckos) andCyclodina andOligosoma from the family
Scincidag(skinks) (Gill and Whitaker 1996; Towns et al 2001). Table 1.1 describes the
habitat and distribution of New Zealand geckos (Gill and Whitaker 1996). Geckos
belonging to the genudoplodactylus comprising nine species, are generally nocturnal
and grey-brown in colour (Gill and Whitaker 1996; Department of Conservation 2002).
The diurnal green geckos generally belong to Naeiltinus genus which comprises
seven species (Gill and Whitaker 1996; Department of Conservation 2002). The habitat
and distribution of New Zealand skinks is summarised in Table 1.2 (Gill and Whitaker
1996; Department of Conservation 2002). Those skinks in the gépciedina
generally have heavy bodies, short limbs and toes, a scaly lower-eyelid and are
predominantly nocturnal (Teal 2006). Diurnal skinks belong to the g@hgesoma

and have long slender bodies, long limbs and digits, and a transparent palpebral disc in

the centre of the lower eyelid (Teal 2006).

Twenty-one species or sub-species of gecko have been identified by the Department of
Conservation as threatened, two of which are ranked as nationally critical. The
Department of Conservation has identified that five skink species are in serious decline
or worse. Two species of skink, grand ski@igosoma grandeand Otago skink
(Oligosoma otagen3geare nationally critical (Hitchmough et al 2005). Since European
settlement, approximately 200 years ago, it has been suggested that the grand skinks
have declined from a continuous distribution throughout Central Otago to just 8% of
their former range (Whitaker and Loh 1995).
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Table 1.1: Habitat and distribution of Gekkonidgeecies found wild in New Zealand.

Common Name Scientific Name Habitat Distribution
Goldstripe gecko Hoplodactylus Taranaki and Forest, scrub, coastal
chrysosireticus Mana Island vegetation, farmland and

gardens, often in New Zealan
flax

)

Duvaucel’s gecko Hoplodactylus Forest, scrub, Islands off the northeast coast
duvauceli coastal vegetation of North Island and in Cook
and cliffs Strait
Forest gecko Hoplodactylus Forest and scrub Mainland New Zealand and
granulatus few offshore islands
Blackeyed gecko Hoplodactylus Alpine bluffs and | Marlborough and Nelson
kahutarae rocky outcrops
Common gecko Hoplodactylus Forest, scrub and| Throughout New Zealand.
maculatus grassland
Cloudy gecko Hoplodactylus Forest and scrub Stewart Island and associat
nebulosus islands
Pacific gecko Hoplodactylus Forest, scrub and| North Island and most norther
pacificus grassland offshore islands.
Harlequin gecko Hoplodactylus Wind-swept sub- | Stewart Island
rakiurae alpine scrub with
granite outcrops
Striped gecko Hoplodactylus Coastal forest and Stephens and Maud Islands,
stephensi scrub Marlborough Sounds area

Common green gecko

Naultinus elegans

Forest and scrub
commonly found
in manuka and
kanuka

PunctatusFast Cape, Hawkes
Bay and southern North Islang
Elegansrest of North Island &
Great & Little Barrier Islands

Jewelled gecko

Naultinus gemmeus

Forest, scrub and
tussock
grasslands

Canterbury, Otago, Southland
and Stewart Island

Northland green gecko

Naultinus grayii

Forest and scrub

Northland north of Whangar

Marlborough green
gecko

Naultinus manukanus

Forest and scrub

Marlborough region includin
Sounds, Stephens & D’Urville
Islands

Rough gecko Naultinus rudis Forest and scrub Marlborough and Canterbur
Nelson green gecko Naultinus stellatus Forest and scrub Nelson
West Coast green gecko Naultinus tuberculatus| Forest and scrub Westland
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Table 1.2: Habitat and distribution of Scincidsygecies found wild in New Zealand.

Common name Scientific name Habitat Distribution

Copper skink Cyclodina aenea Forest. Open or covered Widespread throughout North Island an
areas with adequate its outliers only
ground cover. Compost
heaps, rock gardens

Robust skink Cyclodina alani Low, coastal forests Islands off north-eastern North Island

McGregor's skink

Cyclodina macgregori

Coastal forest and scrub

Offshore islands in the North Island ¢

only.

Marbled skink

Cyclodina oliveri

Coastal forest and scrub

Offshore islands: Poor Knights Islan
and Alderman Island

ds

Ornate skink

Cyclodina ornate

Forest and open areas
with rock piles

North Island and its outliers only.

Whitaker’s skink

Cyclodina whitakeri

Coastal forest and scrub

Islands off the north-eastern coast of
North Island

Rainbow skink

Lampropholis delicata

Open areas and slightly
wooded areas

North Island. Introduced species

Green skink

Oligosoma chloronoton

Tussock, grassland,
scrub, boulder fields and
coastal vegetation

Otago, Southland and Stewart Island

Fiordland skink

Oligosoma acrinasum

Rocky shorelines and
boulder beaches

Islands off south-west Fiordland.

Three Kings skink

Oligosoma fallai

Coastal forest and scrub

Three Kings Islands

Grand skink

Oligosoma grande

Tussock grassland with
rocky outcrops

Otago

Chevron skink

Oligosoma homalonotum

Stream margins in native
forests

» Great and Little Barrier Islands

Cryptic skink

Oligosoma inconspicuum

Herbs and shrub

Otago and Southland

Speckled skink

Oligosoma infrapunctatum

Open forest, scrub and
tussock

Bay of Plenty to Nelson and Westland.
Stephens and Mana Islands

Spotted skink

Oligosoma lineoocellatum

Grassy and scrubland
areas

Eastern areas from the Hawkes Bay to
Wellington. Eastern areas from Nelson
Canterbury and some offshore islands

Long-toed skink

Oligosoma longipes

Dry, rocky areas

Marlborough and Canterbury

McCann’s skink

Oligosoma maccanni

Tussock and scrub

South Island. Canterbury to Southlar

Small Scaled skink

Oligosoma microlepis

River beds and grassy
areas with loose rocks

Taupo to Rangitikei River

Moko skink

Oligosoma moco

Open forest and scrub

Auckland, Bay of Plenty and islands
the north-eastern coast of North Island

off

Common skink

Oligosoma nigriplantare

Dry, open areas with low
vegetation

Polychroma Southern North Island,
South Island and Stewart Island.
Nigriplantare Chatham Islands

Southern skink

Oligosoma notosaurus

Open, scrub and rocky
areas

Stewart and Codfish Islands

Otago skink Oligosoma otagense Tussock grassland with | Otago
rocky outcrops
Shore skink Oligosoma smithi Near shore line Northern North Island and offshore

islands

Small-eared skink

Oligosoma stenotis

Sub-alpine scrub

Stewart Island

Striped skink

Oligosoma striatum

Rotting logs in native
forest

Central North Island, Great and Little
Barrier Islands.

Egg-laying skink

Oligosoma suteri

Boulder or shingle
beaches

Three Kings to Alderman Islands.
Mainland North Island.

Scree skink Oligosoma waimatense Open rocky areas, steeg Marlborough to Otago
gravel screes
Brown skink Oligosoma zelandicum Forest or shady, moist | West of ranges from Taranaki to

areas on farms or
gardens

Wellington. Marlborough Sounds,
Nelson and North Westland
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1.4 Human impacts

New Zealand geckos and skinks are almost completely confined to offshore islands and
protected areas of the mainland (Towns et al 2001). Their former range, however was
certainly much larger - covering most of New Zealand from sea level to approximately
2200m. Both numbers of individuals and habitat availability have declined rapidly and
this has been attributed primarily to predation and habitat loss and degradation

following human colonisation (Towns et al 2001).

The arrival of Pacific ratsRattus exulansbetween 700 and 2000 years ago radically
changed New Zealand’s ecosystem (Craig et al 2000), sparking a reduction in reptile
and other native species’ abundance (Towns and Daugherty 1994; Towns et al 2001).
With the arrival of Europeans and their mammalian species approximately 200 years
ago the lizard population was further decimated (Craig et al 2000). A number of
mammalian species were especially detrimental to geckos and skinks in New Zealand
(Towns and Daugherty 1994). It is estimated that a singlé-els$ Catu$ can consume

more than one thousand skinks annually (Patterson 2000). An excellent example of this
was found in 1983 when a feral cat killed in Otago was found to have 14 undigested
skinks in its stomach (Patterson 2000). Other important predators to New Zealand
lizards include; mustelidsMustela furo, M. ermine and M. nivalis), mice Mus
musculuy and rats R. exulans, R. rattugnd R. norvegiculs (Towns and Daugherty
1994).

Habitat loss and degradation due to agricultural practices, clearing and burning of forest
and grasslands were also significant contributors to the decline of native lizards and still
threaten remnant populations on the mainland today (Towns and Daugherty 1994).
After human colonisation, fire and felling resulted in a reduction of the native forest in
New Zealand from 78% of land area, to an estimated 23% by the 1980s (Clout and
Saunders 1996). Remnant patches of suitable lizard habitat are now small and isolated,
capable of sustaining only small populations of indigenous animals, raising problems
such as demographic stochasticity and genetic deterioration (Caughley and Gunn 1996).
The conservation of New Zealand lizards is based on assessing the threats discussed
above and implementing strategies aimed at mitigating them. Species recovery plans,
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defined by Towns et al (2002) as “a statement of intentions for conservation of
particular species for defined periods”, have been written for many of New Zealand’s
endemic lizards. Each of these plans outlines the conservation status, threats and past
conservation efforts for the species involved (Towns et al 2002). Often these recovery

plans have very little information regarding pathogenic threats to the species.

1.5 Translocation as a conservation tool

Further to the IUCN definition outlined earlier, a translocation is also defined by
Griffith et al (1989) as “the intentional release of animals to the wild in an attempt to
establish, re-establish, or augment a population”. A translocation can of course only be
considered a success if it results in a self-sustaining population (Griffith et al 1989),
which is undeniably the goal of any translocation project. There are a number of factors
that are likely to affect the success of a translocation project. These include; the rate of
population increase, the number of founders, competition rates, presence of refugia and
high genetic diversity amongst founders (Griffith et al 1989). Translocations of species
back into their historical ranges have been demonstrated to be more successful than

translocating species outside of their historical range (Griffith et al 1989).

In the past, translocations of terrestrial vertebrates have had limited success, which has
brought into question their effectiveness as a conservation strategy (Nelson et al 2002).
Historically, translocations have been perceived as isolated management strategies that
generally occurred only under crisis conditions (Armstong and McLean 1996). Reptile
translocations with extensive documentation and follow up have only recently become a
management strategy in New Zealand, enabling a better evaluation of the causes of

success or failure (Towns and Ferreira 2001; Nelson et al 2002).

Nearly 260 species re-introductions have occurred between 1960 and 2000 (Craig et al
2000). Compared to overseas re-introduction programmes, the number of founder
individuals used in New Zealand is typically lower, while success rates often match or
exceed those found overseas (Craig et al 2000). Thus, either New Zealand wildlife may
be less susceptible to inbreeding depression, or wildlife managers in New Zealand are
selecting destinations in which species will do well (Craig et al 2000). In New Zealand,
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most species translocations are to remote mainland sites or islands to which the public
are denied access (Craig et al 2000). There are exceptions, such as Tiritiri Matangi
Island and Matiu/Somes Island, which are open to the public and are an easy ferry ride

from the main centres of Auckland and Wellington respectively (Craig et al 2000).

With one-quarter of geckos and one-half of skinks now considered to require urgent
conservation action, the Department of Conservation (DoC) has established
management plans for a number of the more at-risk species (Towns et al 2001). The
main strategy for the recovery of New Zealand native reptile species is to re-introduce
them to islands where introduced pests have been eradicated (Towns et al 2001). There
has been a substantial increase in numbers of some species of lizards since the
establishment of these management plans. The increase is attributed mainly to captive

breeding and translocation to predator-free offshore islands.

Island restorations and translocations serve several functions;
» translocations may be used to increase the genetic heterogeneity of small
populations
» establishing small satellite populations may reduce the risk of species loss due to
catastrophes or
» translocating species may help them to re-colonise areas that have been restored

following human destruction (Towns and Daugherty 1994; Towns et al 2002).

The presence and possible spread of disease is an important consideration when
translocating reptiles and all animals should be screened for disease before being
introduced to a new population (Woodford and Rossiter 1994). Animals born and bred
in a captive breeding facility or captured from a wild population will have acquired
local infections and may be symptomless carriers of disease. If these animals are
translocated to new areas, they may introduce pathogens to animals existing in the area.
This could have a severe impact on the wild and domestic animals found around the
release site (Woodford and Rossiter 1994). African horse sickness was introduced into
Spain following the introduction of two wild-caught zebra from Namibia in 1987. This
had a considerable impact on the horEguus caballus population of the area
(Woodford and Rossiter 1994). In a reptilian example, captive bred Mojave Desert

tortoises Xerobates agassizisourced from pet shops in California were released back
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into the Mojave Desert. These reptiles are believed to have infected the wild tortoises
with a fatal respiratory disease probably acquired in the pet shop (Jacobsen et al 1991).
It is not just the possibility that translocated animals will carry diseases endemic to the
area in which they were born that is of concern but also they will inevitably lack the
acquired immunity to infections present at the release site (Woodford and Rossiter
1994). Arabian oryx@ryx leucory) that were bred in captivity in the US succumbed

to botulism when they were released in Oman. Botulism is enzootic among sheep and
goats of Oman and the Arabian oryx lacked acquired immunity, as they were naive to
botulism (Woodford and Rossiter 1994).

A further concern is that the management of reptiles necessitates direct human contact.
Thus, there is the possibility of disease being spread from the reptiles to human workers
and vice versa. In the 1930s, muskr@sdatra zibethicuswere translocated into the
Soviet Union for the fur trade. The local water vol&ssicola amphibiousharboured
tularaemia as an enzootic disease. Muskrats are highly susceptible to tularaemia and
were sharing wetlands with the local water voles. Within the rapidly expanding
population of muskrats a massive epizootic of the disease occurred and before long it
affected the human muskrat trappers. This previously enzootic disease became
epizootic among the naive and rapidly increasing muskrat population and consequently
became a serious health hazard to humans and wild animals in contact with the muskrats
(Woodford and Rossiter 1994).

1.6 Saimonella

Herpetofauna have often been implicated as transmitte@alohonella and reptile-
associated salmonellosis is a significant threat to the health of humans, domestic
animals and other wildlife (Mader 1996; Mermin et al 2004). To date, no extensive
surveys have been conducted in New Zealand into the prevalen8almbnella

amongst endemic lizards.
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1.6.1 Salmonella characteristics

Salmonellaspecies are Gram-negative rods that belong to the phylum Proteobacteria
(Madigan et al 2003; Haraga et al 2008). Proteobacteria are all Gram-negative and
represent the majority of Gram-negative bacteria of medical, industrial and agricultural
significance (Madigan et al 2003)Salmonellaspecies are quite closely related to
another genus of bacteria that commonly inhabit the intestinal tract of mammals,
Escherichia. These genera show 50% homology by DNA:DNA hybridisation (Madigan
et al 2003). However, unlikéscherichiawhich frequently inhabits the gastrointestinal
tract of warm-blooded animals without resulting in diseg&amonellais usually
pathogenic to mammals (Madigan et al 2003). The g&almonellacan be divided

into two speciesSalmonella entericand Salmonella bongor(Centers for Disease
Control and Prevention 2007). Members of the species of Salmonella enterica are much

more common and we will only discuss Salmonella enterica throughout this thesis.

Salmonella serotypes have been designated according to the Kauffmann-White scheme
which is the nomenclature maintained by the World Health Organisation (WHO) and is
utilised by most of the world (Centers for Disease Control and Prevention 2007).
Salmonella serotypes can be divided into six subspecies (Table 1.3) which are identified
by biochemical and genetic tests (Centers for Disease Control and Prevention 2007).
Under the Kauffmann-White scheme, serotypes belonging to subspecies | are named
while subspecies Il through VI are identified by formula (Centers for Disease Control
and Prevention 2007). Some serovars belonging to subspecies Il through VI were
named prior to 1968, but these names are now obsolete and have been replaced with

formulae (Centers for Disease Control and Prevention 2007).

The six subspecies @almonella entericadan be identified by Roman numerals or
names (Table 1.3) (Centers for Disease Control and Prevention 2007). There are some
inconsistencies in the Roman numeral numbering of these subspecies. This is due to the
fact that subspecies llla and Illb were historically considered a separate genus named
Arizonae(Centers for Disease Control and Prevention 2007should also be noted

that noSalmonellasubspecies V exists. For some tiBemonella bongonvas thought

to be a subspecies &almonella entericand hence was name&hlmonella enterica
subspecies V prior to determination of it as a separate species.
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Table 1.3: Six subspecies oSalmonella entericacan be designated by names or

Roman numerals

Salmonella enterica subspecies

I enterica

I salamae
lla arizonae
b diarizonae
v houtenae
VI indica

More than 2,300Salmonellaserovars are known to exist, however only a small
proportion of these are regularly isolated from humans or animals (Mermin et al 2004).
Typically, identification ofSalmonellaserovars involves a vast array of tests (Madigan

et al 2003). Firstly, one must determine the presenc8athonella entericaand
identify the subspecies present. This is usually achieved through a variety of
biochemical tests (Madigan et al 2003; Centers for Disease Control and Prevention
2007). Immunological characterisation $&lmonellais based on three cell surface
antigens (Madigan et al 2003). The O somatic (cell wall) antigen; the H (flagella)
antigen and the Vi (outer polysaccharide layer) antigen are all examined to determine
the serovar oSalmonellaMadigan et al 2003). The more than 2,300 distinct serotypes
of Salmonellaeach have different antigenic specificities in their O, H and Vi antigens
(Madigan et al 2003). Perhaps surprisingly, there is little or no correlation between the
antigenic type oSalmonellaand the disease symptoms. Immunological typing of the
bacterium allows tracing of a single strain which may be present in an epidemic
(Madigan et al 2003).
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All Salmonellaserovars can be identified using a formula, however, as already
mentioned,Salmonella entericgubspecies | are identified using a name (Centers for
Disease Control and Prevention 2007). The typical format fdalenonellaserotype

and the protocol followed in this thesis is:

Subspecies O antigens : Phase 1 H antigen : Phase 2 H antigen

e.g. IV 43:z4,z23: -

Salmonella entericaubspecies II, llla, lllb, IV and VI are generally associated with
cold-blooded vertebrates, whilst members of subspecies | are most frequently isolated
from avian and mammalian hosts (Baumler et al 1998). To date, no comprehensive
studies have been conducted on the capabili§athonella entericaubspecies I, llla,

llib, 1V and VI to survive in the macrophages of poikilothermic animals (Baumler et al
1998). A number of authors have found that experimental oral exposure of reptiles with
subspecies |, Il or 1l results in no clinical signs of disease and no colonisation of organs
other than the intestinal tract (Baumler et al 1998). This is in contrast to subspecies |
serovars which frequently colonise internal organs and reticuloendothelial cells of their
homeothermic hosts (Baumler et al 1998). For this reason it has been speculated that
Salmonella serotypes evolved in the alimentary canal where they evolved from

pathogens to commensal organisms (Baumler et al 1998).

Salmonellaserovars have varying host specificities and virulences. The clinical
manifestation of salmonellosis depends upon the virulence of the serotype, nature of the
lesion and innate immunity of the host (Gopee et al 208@)monella entericaerovar

Typhi is known only to infect human hosts in contrasGadmonella entericaerovar
Typhimurium which can infect a range of hosts including humans, reptiles and
mammals. The mechanisms through whgdimonellaserovars infect their hosts and

the reasons for varying host specificities and virulence is explained in detail by Haraga
et al (2008). It is thought that differences in receptor sites on the cell walls of varying
host species is the cause of varying virulence between hosts (Haraga et al 2008).

Despite the vast amount of ecological diversity seen in these bacteria all serovars are

highly environmentally stable (Otokunefor et al 2003). It has been demonstrated that
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Salmonellacan survive for up to four weeks in tap water and wet sand, six weeks in
direct contact with air and up to eight weeks when mixed with dry sand (Otokunefor et
al 2003). Salmonellahas also been isolated from six-month old reptile stool (Mermin et
al 2004)

1.6.2 Salmonella prevalence and disease in reptiles

Herpetofauna have often been implicated as transmitteBalofonella and there is a
large body of literature pertaining to North American herpetofauna (Mader 1996;
Mermin et al 2004). However, there is little information in the literature about the
prevalence ofSalmonellain New Zealand reptiles and the vast majority of reptile
species have never been sampled. A recent study of tuSainanodon punctatus
from Stephens Island (Takapourewa) found $@monellain the 100 individuals
sampled (Gartrell et al 2007).

Reported prevalence @almonella carriage in wild reptiles has varied significantly.
Richards et al (2004) showed the frequency of isolation from essentially healthy reptiles
in Virginia, USA to be 14% and Chambers and Hulse (2006) report a prevalence rate as
high as 95%. Other studies have found a zero percent prevalence of Salmonella amongst
free-living reptiles (Richards et al 2004). Gopee et al (2000) found that squamates had
the highest prevalence 8almonellavhen compared with other reptileSalmonella is

not continually shed from the gastrointestinal tract. It is often shed intermittently as a
result of stress on the animal (Richards et al 2004). This raises difficulties with
screening of reptiles fd8almonella and repeated samples are often required in order to
gain a true indication of the prevalence of this organism within a population (Gartrell et
al 2007).

Studies overseas have found reptiles kept in captivity have much higher prevalences of
Salmonellawithin the population than free-living reptiles (Otokunefor et al 2003;
Awad-Masalmeh et al 2005; Ebani et al 2005; Nakadai et al 2005; Pasmans et al 2005).
Studies of the intestinal carriage $&lmonellaamongst captive reared reptiles in the
USA found prevalences that ranged from 12% to more than 93% (Johnson-Delaney
1996; Holz and Middleton 2005). Comparisons among reptile owners further
emphasises the high potential for the spread of this organism. A study of reptile
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breeders in Europe showed that between breeitber noSalmonellawas found in the
collection or nearly all animals in the collection were positiveSamonellaq Geue and
Loschner 2002) This could be an important consideration for translocations, especially

if considering the formation of new wild populations from captive-bred reptiles.

Despite the often high rates of intestinal carriageSafmonellain reptiles, they
frequently show no clinical signs of the disease (Johnson-Delaney 1996; Geue and
Loschner 2002). Salmonella serotypes are found naturally occurring in the
gastrointestinal tract of lizards. Approximately 40% of&dlmonellaserotypes have

been cultured primarily from reptiles, but are rarely found in other animals or humans
(Mermin et al 2004). Salmonellasubspecies llla and lllb are the most common
subspecies isolated from reptiles (Mitchell 2006). Reptiles are frequently the hosts of

several different Salmonella serovars simultaneously (Geue and Loschner 2002).

Reptiles may initially become infected witBalmonella via faeces which has
contaminated food and water, insect vectors or soil that contains the organisms (Mermin
et al 2004). Reptiles may also become infected before birth while in the ovary, oviduct
or cloaca (Mermin et al 2004; Richards et al 2004). Long periods of stress, such as
those which may be experienced in captivity or in transit, may cause asymptomatic
carriers to begin to excrete the organism from the gastrointestinal tract (Richards et al
2004). The normal intestinal flora of reptiles and mammals generally inhibits the
growth of Salmonella by producing volatile organic acids and blocking attachment sites
required for Salmonella(Haraga et al 2008) Stresses such as water deprivation,
changes in diet, antibiotic therapy, transportation and overcrowding can disrupt the
normal intestinal flora, therefore allowir8almonella to establish in the gut (Quinn et al
1994). In rare instances wheBalmonella colonisation results in disease, reptiles may
present with depression, anorexia, vomiting, lethargy, wasting, respiratory distress,

abortion, nervous signs and sudden death (Twentyman 1999).

It has been suggested that there may be a geographical patBaimonella serotypes

in the wild (Twentyman 1999). If this suggestion is accurate, then the importance of
screening prior to translocations is highlighted. If we neglect to screen reptiles for
Salmonellaprior to translocation, we risk introducing new strains to both reptiles and

other native species. If lizard species are kept in close proximity while in captivity, it is
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possible that species carryirf@almonella serotypes specific to one area may infect
individuals previously naive to that serotype (Twentyman 1999). Translocating these
reptiles into the wild will risk further spread of the disease amongst lizards and other

endemic fauna.

1.6.3 Disease outbreaks oSalmonella in other wildlife

The potential for cross infection from mammals and birds to reptiles and vice versa is
high due to the environmental stability 8&lmonella. In apparently healthy birds and
mammals in the USA and Trinidad, the frequency of isolatioBadfnonellahas been
found to be approximately 7% (Gopee et al 2000; Richards et al 2004). In New
Zealand, sea-birds and house sparrows have been shown to eRahetenella
(Robinson and Daniel 1968; Clark et al 2002; Tizard 2004).

Between 1998 and 2001 a significant outbreakSafmonellaTyphimurium DT160
occurred amongst birds and humans in New Zealand. This disease had not been
recorded in humans or animals prior to 1998 (Alley et al 2002). The first isolati&n of
Typhimurium DT160 was a human case occurring in Christchurch in November 1998
and by December 2000 the organism had spread throughout the country causing
significant disease and a 20% hospitalisation rate (Alley et al 2002). By 2001,
Typhimurium DT160 was responsible for 34% of all cases of human salmonellosis
(Alley et al 2002). During mid 2000, mass mortalities involving several hundred birds
were beginning to be noted in Christchurch and the Manawatu (Alley et al 2002). These
mortalities predominantly involved house sparrowagser domesticisalong with

small numbers of greenfinche€grduelis chlori$, goldfinches Carduelis cardueliy
chaffinches Eringilla coelebg and occasionally blackbird$rdus merula) and native
silvereyes Zosterops lateralls (Alley et al 2002). Mortalities often occurred in
suburban areas and particularly around garden feeding stations (Alley et al 2002). Kaka
(Nestor meridionaliswere only affected at captive facilities in the North Island where
the birds were in contact with sparrows or their droppings (Alley et al 2002).
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Salmonellosis has also been identified in hotjomystis cincta) on Tiritiri Matangi
(Ewen et al 2007). Whilst only nine bodies were found, it is suspected that the mortality
rate could have been as high as 30%. Histopathological investigation of the birds found
acute septicaemic lesions typical 8f Typhimurium infection and further analyses
found it was a new strain, DT195 (Ewen et al 2007). Tiritiri Matangi is an open
sanctuary and regularly visited by groups of tourists involved in conservation and
management projects. It therefore seems likely that this outbreak in hihi resulted from

human introduction of the disease (Ewen et al 2007).

In New Zealand, variouSalmonella serovars have been isolated from rodents, birds and
hedgehogs as well as native and imported reptiles (Clark et al 2002). There is
significant evidence for the spread of these serovars between species. Black-backed
gulls (Larus dominicanus vetula) have been implicated in the spre&dByandenburg
amongst domesticated sheep, resulting in abortions (Clark et al 2002).

Salmonellainfections of cattle and sheep have been of concern in New Zealand since
1948 and 1949 when the first cases of infection were reported (Clark et al 2002).
Between 1948 and 1957 sBalmonellaserovars were identified from 20 different
species of animal and bird, including livestock, cats, dogs, rabbits and guinea pigs
(Clark et al 2002). S. Typhimuriumwas the most common serovar isolated and was
found in all 20 animal species (Clark et al 2008. Typhimurium has also been the
cause of sporadic sheep abortions in New Zealand (Clark et al 2002).

The prevalence ofSalmonellaamongst native tuataraSghenodon punctatuson
Takapourewa (Stephens Island), New Zealand has been investigated $aldhooella
was identified in any of the individuals (Gartrell et al 2007). This could be very
important if tuatara are naive ®almonellawhich is then introduced to the island

through lizard translocations.
1.6.4 Reptile-associated salmonellosis in humans
The zoonotic potential oSalmonella has been widely investigated (Mader 1996;

Otokunefor et al 2003; Mermin et al 2004). While m®atmonella infections amongst
humans are caused by the consumption of contaminated meat, poultry or eggs, there




Chapter One — General Introduction 21

have been investigations into infections that have occurred after direct or indirect
contact with reptiles (Mermin et al 2004). Forty percent of the greater than 2,300
Salmonella serotypes have been cultured predominantly from reptiles. It has been
estimated that annually in the US 74,000 caseSatihonella infections are associated
with reptiles (Mermin et al 2004). The increasing popularity of maintaining exotic
reptiles as pets is likely to have a significant influence on this number (Bauwens et al
2006). Reptile-associated salmonellosis is more likely to involve infants than any other
Salmonella infection, it is also more likely to be associated with invasive disease and
lead to hospitalisation (Mermin et al 2004). Due to the stabilitgadmonella in the
environment, direct contact with reptiles is not required for transmission of the disease.
In New Zealand wild geckos and skinks inhabiting the kitchens of homes in Otago
resulted in an outbreak of salmonellosis cause&dlynonellaSaintpaul. A wooden
barrier at a Komodo dragovgranus komodoengigxhibit was linked to an outbreak

of salmonellosis in children, displaying the ease of transmission through an

environmental surface (Friedman et al 1998).

In New Zealand, there was an average of 1,706 cases of human salmonellosis reported
per year during the six-year period of 1995 — 2001. Of these, 176 cases per year
resulted in hospitalisation and for the total six-year period 12 deaths were attributed to
salmonellosis (Thornley et al 2002). Salmonellosis in humans generally results in self-
limiting diarrhoea. In infants, elderly or immuno-compromised individuals however,

serious sequelae may occur, including sepsis, meningitis and death (Mermin et al 2004).

1.6.5 Salmonella culture techniques

1.6.5.1 Isolation media

There are two enrichment broths commonly used&dmonella isolation from reptilian

sources, Muller-Kaufmann tetrathionate and selenite F (Harvey and Price 1983;
Mitchell 2006). The enrichment broth Rappaport is commonly used in the isolation of
Salmonellarom poultry, although previous studies have found that only three of the 11

strains of Salmonella in subgenus Ill (the most common isolates from reptiles) were
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subcultured from Rappaport (Vassilliadis 1968). Rappaport is therefore not commonly

used to isolate Salmonella from a reptilian source.

The recovery oSalmonellaserotypes can be affected by the type of enrichment broth
(Bager and Petersen 1991). For example previous studies have shown that certain
Salmonellaserovars may be inhibited in tetrathionate broth if the inoculum is small
(Van Schothorst et al 1977) and selenite F has been indicated as t&abrionella
Cholerae-suis and other serovars (Smith 1952; Bauwens et al 2006). There has also
been the suggestion that certain serovars may be recovered more easily from one
enrichment medium rather than another (Harvey and Price 1976). A number of studies
have found selenite F broth to be the better enrichment broth for identification of reptile
associatedalmonellaserovars (Harvey and Price 1983; Kodjo et al 1997). In contrast

to this however, Koopman and Janssen (1973) found all enrichment media equally
likely to isolate Salmonella from reptile faeces.

A number of different selective agars are usedsimonella isolation. Mitchell (2006)
has found xylose-lysine deoxycholate (XLD) agar to have a high degree of success in
the isolation of Salmonella from squamates and chelonians.

The variable sensitivities of the numerous microbiological techniques used for the
isolation of Salmonella, combined with the intermittent faecal sheddin§abfonella
by symptomless carriers, raises a problem for epidemiological investigations of

Salmonella in reptiles (Bager and Petersen 1991).

1.6.5.2 Effects of isolation temperature

In recent years, there has been a substantial amount of research into the effect of
temperature on the isolation @almonella. The majority of this research has
considered the elevation of temperature from 37°C to 4840 Schothorst et al 1977).
Many of these studies have found that there is an increase in the nur8iaémonella
isolations from foods, faeces and feeds when incubation temperature is increased
(Harvey and Price 1968; Carlson and Snoeyenbos 1972; Van Schothorst et al 1977).

Other studies have found that so®&monellaserotypes are not able to reproduce at
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43°C (Carlson and Snoeyenbos 1974). Reptilian body temperatures are said to range
between 18°C and 32°C (Rossi 2006).

To the best of our knowledge, no studies have considered the effeStnodnella

isolation at temperatures closer to the normal reptilian body temperature.

1.7 Hafnia alvei

Hafnia alveiis a potentially zoonotic organism found in mammals, birds, fish, soil,
water, sewage and foods, as well as reptiles (Janda and Abbott 2006). Very little is
known aboutH. alveiand the role it plays in both human and veterinary disease (Janda
and Abbott 2006).

1.7.1 Characteristics ofHafnia alvei

Hafnia alveiis a motile, facultatively anaerobic, Gram-negative bacillus (Proietti et al
2004) and is a member of the family Enterobacteriacea (Janda and Abbott 2006). This
species occurs ubiquitously in the environment, particularly in soil, sewage and water,
but is only rarely considered to be pathogenic (Proietti et al 206#).alvei was
originally assigned to the genunterobactey however a DNA hybridisation study
found that this organism had only a 20% binding ratio \kiti. cloacae(Okada and
Gordon 2003). Two genetic clusterstf alvei are known to exist and these clusters
differ in their host distribution, degree of genetic diversity and biochemical
characteristics (Okada and Gordon 2003).

1.7.2 Hafnia alvei disease amongst reptiles

There have been no previous systematic studies into the prevalemteabfei in
reptiles in New Zealand and limited information from overseas; thus we know little
about the risk of transmission Hf alveifrom reptiles to humans and other wildlife. A
study of tuatara§phenodon punctatusr New Zealand foundH. alveiat a prevalence

of 30% amongst the population on Stephens Island (Gartrell et al 2007). There is very

little information available in the literature pertaining to the prevalendd. clveiin
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reptiles both in New Zealand and overseas. Okada and Gordon (2003) studied the
genetic and ecological structure ldf alveiin Australia and found 54 reptiles positive

for this organism, including snakes, geckos and skinks. Okada and Gordon (2003) also
found that reptiles in Australia were equally likely to be positiveHoalveitype 1 or

type 2.

1.7.3 Hafnia alvel disease amongsbther wildlife

The gastrointestinal tracts of mammals appear to be a common ecological niche of
hafniae and this does not appear to be a new relationship (Janda and Abbott 2006). In
Michigan and Ohio, USA, paleomicrobiological investigations of intestinal mass
samples and sediment collected from 12,000-year-old mastodon remaing-foaindi

within the samples (Janda and Abbott 2006). In a systematic study of 642 Australian
mammalsH. alveiwas found to be the third most common enteric bacteria, following
Escherichia coli and Enterobacteria cloacganda and Abbott 2006).

Hafnia alveihas been isolated from avian species at prevalences of between 3 — 16%.
H. alvei is most commonly isolated from birds of prey, including turkey vultures
(Cathartes aura), owls Strigiformesspp) and falconsHalconidae spp) (Janda and
Abbott 2006). An outbreak dfl. alveioccurred amongst laying hens in Spain (Janda
and Abbott 2006). Symptoms of this outbreak included loss of appetite, decreased egg
productivity, catarrhal enteritis, and fulminant septicaemia (Janda and Abbott 2006). At
necropsy, histopathological features included hepatosplenomegaly, multifocal
necrotising hepatitis, and splenitis (Janda and Abbott 2006). A further outbreak
occurred in 2004 amongst pullets in Italy (Proietti et al 2004), and the results from
autopsy were very similar to those identified in the Spanish chickens (Janda and Abbott
2006).

Hafnia alveihas been found to cause haemorrhagic septicaemia in rainbow trout and

laying hens, equine abortion, pneumonic infections in goats and mastitis in cows. It has
also been isolated from the gastrointestinal tracts of bees and in honey (Janda and
Abbott 2006).
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1.7.4 Human cases of Hafnia alvei

H. alveihas been isolated from many human food sources including cows’ milk, honey,
goats’ cheese and fish (Quinn et al 1994; Janda and Abbott 2006). It is also thought to
be ubiquitous in the environment and hence, an opportunistic pathogen (Quinn et al
1994; Mader 1996), although a possible association exists with gastroenteritis,
septicaemia and urinary infections in humans (Proietti et al 2004; Janda and Abbott
2006). Hafniae have also been recovered from respiratory secretions - once again these

are rarely if ever pathogenic.

Hafnia alveiis unquestionably an opportunistic pathogen in debilitated hosts (Janda et
al 2002).

1.8 Aeromonas

Aeromonasis ubiquitous in aquatic habitats and is frequently isolated from and the
cause of disease in reptiles overseas, particularly in North America (Cooper and Jackson
1981; Mader 1996).

1.8.1 Characteristics of Aeromonas

Members of the specigseromonasre heterotrophic, Gram-negative rods, belonging to
the phylum Proteobacteria (Madigan et al 2002eromonasspecies are commonly
found in aquatic environments (Mader 1996), including chlorinated drinking water
(Glunder and Siegmann 1989)Aeromonas hydrophilas the most common of the

Aeromonas species (Madigan et al 2003).

1.8.2 Aeromonas disease in reptiles

Aeromonads known to cause significant disease in reptiles. Stomatitis (mouth rot) is
possibly the best known disease of reptiles Artbmonass often isolated from the
infection site (Cooper and Jackson 1981). This disease generally occurs secondary to

stress that may result from overcrowding, poor nutrition or low temperatures.
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Aeromonass also one of the organisms most commonly associated with septicaemic
diseases of reptiles (Cooper and Jackson 1981). Septicaemia can result from
Aeromonasntering a wound or it can follow a localised infection (Cooper and Jackson
1981). As with salmonellosis, certain stressors can result in septicaemia among captive
reptiles with no underlying factors (Cooper and Jackson 1981). Also, as with
Salmonella,Aeromonasis often an opportunistic pathogen that is frequently cultured

from clinically healthy reptiles (Mader 1996).

Aeromonashas been isolated from many of the largely aquatic reptiles such as Nile
crocodiles Crocodylus niloticus (Turutoglu et al 2005), anacondag&u(cectes
murinug (Miller et al 2004) and sea turtle€dretta caretta,Chelonia myadsand
Dermochelys coriaceadOros et al 2005). The prevalenceA@romonasamongst Nile

crocodiles has been shown to be as high as 90% (Madsen 1996).

1.8.3 Aeromonasin other wildlife

Aeromonasspecies have been isolated from a range of avian carriers including house
sparrows Passer domesticisind owls Tyto alba andAsio otu3 (Needham et al 1979;
Glunder and Siegmann 1989). Glunder and Siegmann (1989) found that aquatic birds,
such as gulls and storks, were more likely toAseomonascarriers than terrestrial
birds. The prevalence rates amongst aquatic and terrestrial birds in this study were
found to be 18.5% and 3.4% respectively (Glunder and Siegmann 1989). This is likely
to be a reflection of the aquatic nature of this organism. A carnivorous diet also appears
to pre-dispose birds to infection ByeromonagGlunder and Siegmann 1989). This
was demonstrated by Shane et al (1984) who found 13% of raptors to be positive for

faecal contamination gkeromonas compared to only 2% of non-carnivorous birds.

Aeromonasds thought to be an opportunistic pathogen within avian species and it has
been shown that avian species are more likely to be carriers of this organism during the
winter months, suggesting some association with seasonal climatic stress factors (Shane
et al 1984).
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1.8.4 Aeromonasin humans

Aeromonasis found as a common bacteria in lakes, ponds and water that reptiles,
amphibians and fishes inhabit and infectionA®romonasn humans can be caused by
contamination of open wounds from these water sources (Mader 1996). Other potential
sources of contamination include meats, fish, raw milk and milk products (Glunder and
Siegmann 1989). Human aeromoniasis symptoms include wound infections,
septicaemia and self-limiting diarrhoea (Quinn et al 199Agromonass generally
considered to be an opportunistic pathogen and therefore is of concern only for people
with lowered immunity, the elderly and young childreeromonasnfection rates do
appear to be seasonal, with peak infection rates occurring in summer (Glunder and
Siegmann 1989). This may be a reflection of the ecological requiremek¢sarhonas

or the behavioural patterns of humans, which sees them frequenting rivers and lakes,
where they are most likely to be in contact with this organism, more often during the

summer months.

1.8.5 Microbiological isolation of Aeromonas

A number of researchers suggest the use of blood agar in the isolad@noofionas
(Glunder and Siegmann 1989). Mishra et al (1987) found that at least three selective
media were required in order to obtain 100% detectiohendmonas The use of non-
selective media enables the growth of species which may be sensitive to some selective
agents (Glunder and Siegmann 1989).

Further research is needed into the prevalencathonellaH. alvei and Aeromonas
amongst herpetofauna due to their possible effect on humans and other wild animals. It
Is also important that we have at least a basic knowledge of the distribution of these
diseases in order to minimise the risks to humans, reptiles and other wildlife involved in

the translocation process.
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1.9 Study sites
The study sites used in this research (Table 1.4) can be divided into two broad groups:
islands which have had lizard translocations in the past and islands upon which the

lizard fauna are endemic and have not been re-introduced from elsewhere.

Table 1.4: Islands on which lizards were sampled for Salmonella in this study

Islands with a history of lizard Islands without a history of lizard
translocations translocations

Island Location Island Location

Korapuki Island Coromandel Cuvier Island Coromandel

Mana Island Wellington Little Barrier Island Hauraki Gulf
Matiu/Somes Island Wellington Stephens Island Marlborough Sounds
Maud Island Marlborough Sounds

Motuopao Island Northland

1.9.1 Korapuki Island

Korapuki Island (36°3%, 175°5ZE) is an 18-hectare crown-owned nature reserve in
the Mercury Islands group (Towns 2002). It is a highly modified island, once inhabited
by Pacific rats Rattus exulansand rabbits Qryctolagus cuniculys(Towns 2002). In

1986 a programme of poisoning was begun to remove the rats from the island. This was
followed by an eradication of the rabbits (by shooting) in 1987 (Towns 1994). Fires
approximately fifty years ago decimated large portions of the island’s natural vegetation
and this was further influenced by rabbit browsing (Towns 1994). Consequently, the
islands vegetation is composed largely of regenerating pohutukisieaogideros
excelsa) over a subcanopy of mahbteljcytus ramifloruy (Towns 1994). The island

is now moderately inhabited by sea-birds and their burrows. There are currently nine
species of lizard on Korapuki Island (Table 1.5) (Towns 2002). Four of these lizard
species were re-introduced from Green Island and Middle Island (Towns and Ferreira
2001). Tuatara are absent from Korapuki Island at present, however skeletal remains

indicate they were once present on the island (Towns 1994).
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1.9.2 Mana Island

Mana Island (41°6,174°48E) is a 217-ha scientific reserve that lies 2.5km from the
mainland of the North Island at its closest point (Timmins et al 1987; Miskelly 1999;
Wotton 2002; Miskelly and Taylor 2004). Mana Island’s classification as a scientific
reserve allows for visitors and during summer months day visitors are very common on
the island (Miskelly 1999; Miskelly and Taylor 2004).

There has been a history of Maori and European occupation of Mana Island (Timmins et
al 1987; Miskelly 1999). From 1832 to 1986 the island was farmed, resulting in
extensive modification of the landscape (Timmins et al 1987; Wotton 2002; Miskelly
and Taylor 2004). As a result, the indigenous vegetation was confined almost entirely
to the cliffs and a small catchment on the flats (Miskelly 1999). An extensive replanting
programme has been undertaken as part of the island restoration plan (Wotton 2002;
Miskelly and Taylor 2004).

Aside from stock animals kept on the island, mice were the only mammals to inhabit the
island and these were removed in 1989 (Newman 1994; Miskelly and Taylor 2004).
Mana Island is currently home to 10 species of lizard, including a number of

reintroduced species (Table 1.5) (Miskelly 1999; Armstong 2008).

1.9.3 Matiu/Somes Island

Matiu/Somes Island (41°1%, 174°5Z) is uniqgue amongst New Zealand’s offshore
islands (Watts and Gibbs 2002). It is a 25-hectare scientific and historic reserve owned
by the Crown (Bull 2000; Watts and Gibbs 2002). Unlike many of New Zealand’s
offshore islands, Matiu/Somes has hundreds of summer visitors arriving via the hourly
ferry from Wellington. This island has had a chequered history. From the early 1870s
until 1920 Matiu/Somes was used as a human quarantine station (McGeorge 2004).
Also, during World War | and most of World War Il Matiu/'Somes was used as an
internment camp for suspected alien enemies thought to pose a security risk (McGeorge

2004). The island was also used as an outpost during this time for defending
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Wellington Harbour from potential invasion. The gun emplacements still remain on the
island today (McGeorge 2004).

The original vegetation on the island was cleared before 1870, and from 1889 to 1995
the island was primarily a pastural ecosystem due to the island’s role as an agricultural
guarantine station run by the Ministry of Fisheries and Agriculture (Bull 2000; Watts
and Gibbs 2002). A few patches of remnant bush remain, but these are isolated to areas

on or near the coastal cliffs and shoreline (Watts and Gibbs 2002).

Ship rats and other pests were removed from the island in the late 1980s (McGeorge
2004). Nowadays the only remaining mammals on the island are a few sheep used to
maintain the pasture at low levels. Consequently, the lizard population has flourished

and there are now seven species of lizard inhabiting the island (Table 1.5). Forest
geckos M. granulatus)and ornate skinksJ. ornata) were re-introduced to the island as

part of the restoration plan (Armstong 2008).

1.9.4 Maud Island (Te Hoiere)

Located in Marlborough’s Pelorus Sound, Maud Island (4&59274°0%F) covers
approximately 309 hectares and is a designated scientific reserve (Bell et al 2004).
Over 100 years of farming has left Maud Island highly modified and only a small 16-
hectare remnant of native bush remains. This remnant was fenced off in 1965 to
exclude stock and became the only remaining source of the Maud Island frog
(Leiopelma pakeka). Many lizards also took refuge in this section of bush (Bell et al
2004; McGeorge 2004). Maud Island was privately owned for many years but in 1975
it was bought by the Crown and since then an extensive replanting and restoration
programme has been undertaken (Bell et al 2004; McGeorge 2004). Whilst this island
is essentially free from predators, its close proximity to the mainland (900 metres)
makes stoats an ongoing problem. Trapping is continually conducted on the island and
the coastal mainland to minimise the likelihood of re-invasions. A small flock of sheep

are the only introduced mammals that currently inhabit the island.
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Maud Island is now home to five species of lizard including the speckled gRink (
infrapunctatun), which is surviving well on the island following the introduction of 40
individuals from Stephens Island in 2005 (Cash, Bill. pers, comm.) (Table 1.5)

1.9.5 Motuopao Island

Motuopao Island (34°28, 172°3&) sits just 200m to the north of Cape Maria Van
Diemen and was home to the first lighthouse of the far north from 1879-1941. This 30-
hectare island is now registered as a scientific reserve and has become home to many
native birds and reptiles since the removal of rats in 1990 (Department of Conservation
2008)

Five species of lizard currently inhabit Motuopao Island, including the Matapia Island
gecko Hoplodactylussp.) and the robust skink, which were both introduced to the
island in 1997 from Matapia Island (Table 1.5) (Armstong 2008).

1.9.6 Cuvier Island (Repanga)

The 481-ha Cuvier Island (36°&; 175°4&) was named after the French naturalist
Baron Cuvier by the French navigator D’Urville. Maori people are thought to have
occupied Cuvier Island in the early™@entury. Cuvier Island became a lighthouse
reserve during the late 1880s and about a quarter of the island was turned into farm
land. Cattle, sheep and wandering goats were introduced in the late 1800s. By the late
1950s the island’s natural vegetation had been decimated to form open park land,
saddleback, red-crowned kakariki, pied tit and tui were all killed by cats and kiore, and

tuatara were reduced to just seven individuals (Merton 1972).

The restoration of Cuvier Island began with the eradication of goats in 1961. Feral cats
were removed three years later. In 1970, domestic cats were banned from the island and
finally in 1993 Pacific rats were eradicated. The island is now a scientific reserve and
the vegetation is recovering well together with the natural fauna (Department of
Conservation 1996). Tuatara have recovered well and there are self-sustaining

populations of five species of reptile (Armstong 2008) (Table 1.6).
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1.9.7 Little Barrier Island (Hauturu)

Little Barrier Island (36°18, 175°0&) was New Zealand’s first Nature Reserve,
established in 1894 (Galbreath 1993). It is also one of New Zealand’s largest offshore
islands, covering approximately 2,817-hectares. Cats and kiore were the only
mammalian predators known to inhabit the island and these were removed in 1981 and
2004 respectively (Galbreath 1993; Little Barrier Island Supporters' Trust 2008). Little

Barrier is now home to twelve species of lizard (Towns, D.R. pers. comm) (Table 1.6).

1.9.8 Stephens Island (Takapourewa)

Located at the northern tip of the Marlborough Sounds in the Cook Strait, Stephens
Island (40°35'S 173°55'E) is a 150-hectare nature reserve (East et al 1995; Hare and
Cree 2005). Stephens Island was once covered in dense native forest, however the
arrival of the lighthouse keepers and their families in 1892 is thought to have resulted in

a loss of approximately 90% of the native forest cover (East et al 1995).

Famous for the somewhat exaggerated tale of the lighthouse keeper’s cat, which was
reputed to be responsible for the extinction of the Stephens IslandXewicys lyall),

cats were the only mammalian predator to have inhabited the island (Hare and Cree
2005). Goats and sheep were common on the island during its inhabitation by the
lighthouse keepers and their families (East et al 1995; Hare and Cree 2005). This
resulted in further decimation of the lizard habitat (Hare and Cree 2005). Stephens

Island is now home to seven species of lizard (Armstong 2008)(Table 1.6)




Table 1.5: The distribution of lizards on New Zealand’s offshore islands and the origin
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and date the founder population was translocated.
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Korapuki Mana Matiu/Somes Maud Motuopao
(18- ha) (217-ha) (25-ha) (320-ha) (30-ha)
Sphenaodon S G
Geckos
H. chrysosireticus +
H. duvaucelii + North Brother
1997
H. granulatus Captivity 2005
H. maculatus + + + +
N. elegans Wellington +
1998/99
H. stephensi +
Hoplodactylussp* Matapia
1997
Skinks
O. smithi + +
O. moco + +
C. aenea + + + +
O. suteri Green
1992
C. ornata Wellington
2006
C. oliveri Green
1992-93
C. whitakeri Middle
1988-90
C. macgregori +
O. zelandicum + +
O. nigriplantare + + +
O. infrapunctatum Stephens Stephens|
2005
O. lineoocellatum Matiu/Somes +
1998
C. alani Green Matapia
1992-93 1997

s, subfossil remains only (Towns 2002); +, present on the islan®, Guntheri *,

Matapia Island gecko




34 Chapter One — General Introduction

Table 1.6: Presence of lizards on New Zealand offshore islands included in this study

that do not have a history of lizard translocations.

Cuvier Little Barrier Stephens
(170-ha) (2817-ha) (150-ha)
Sphenodon +P +P +P
Geckos
H. duvauceli +
H. granulatus +
H. maculatus + + +
H. pacificus + +
H. stephensi +
N. elegans +
N. manukanus +
Skinks
C. aenea +
C. oliveri +
C. ornata +
O. homalonotum +
O. infrapunctatum +
O. lineoocellatum +
O. moco + +
O. nigriplantare +
O. smithi + +
O. striatum +
O. suteri +
O. zelandicum +

+, present on the island; P, Sphenodon punctatus
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Little Barrier Is.

‘/A/ Cuvier Is.

/Korapuki Is.

Motuopao Is.

Marlborough Sounds:
Stephens and Maud Is.

Matiu/Somes Is.

Figure 1.3: North Island and upper South Island showing location of islands surveyed
in this study
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1.10 Thesis aims and organisation

Management strategies set in place to sustain populations of endemic New Zealand
lizards should be constantly evaluated. Before any truly effective conservation
strategies can be carried out, information is required on the incidence and significance
of disease amongst species. This study examines whether common bacterial pathogens
known to occur in reptiles are found within New Zealand endemic reptiles and whether
there is a geographical distribution of these organisms. In New Zealand, the
translocation of lizards is often used as a conservation technique to enhance existing
populations of lizards or to start new populations. At present little is known about the
distribution of common diseases amongst endemic New Zealand lizards, so we are

unable to predict the risks, if any, involved in this translocation procedure.

Chapter Two describes the prevalence and distributic@atrhonellaserovars on eight

of New Zealand’s offshore islands using presence-absence data. Analysis considers the
effects of species, sex, age and location on the prevalen&alwionella. As all
populations on these islands are isolated, this information will provide an understanding
of Salmonelladistribution that should be used in management decisions for endemic
lizard conservation in the future and should result in a modification of the translocation

guidelines for these species.

In Chapter Three, | look at the prevalence of three common pathogenic bacteria of
reptiles amongst lizards on Mana Island, New Zealand. These pathogens are
Salmonella, Hafnia alvei and Aeromona®nce again we considered the effect of
variables such as age, sex, location and species on the detection probability of these
organisms. Information obtained in this study provides a general idea of the importance
of these bacteria amongst New Zealand lizards and should be used by wildlife managers
in the future to determine the health risks to a lizard during translocation.

Chapter Four describes the prevalenc8amonella, H. alvei and Aeromonasongst
the lizards held by two captive breeders in the North Island of New Zealand. The
prevalence found in these captive lizards is compared with those found in the wild.

This comparison helps to assess the risks involved in translocating reptiles from captive
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facilities. Captive reptiles may have an increased likelihood of contracting disease, both

from their human handlers and domesticated animals.

Chapter Five compares microbiological isolation techniques of Hamonella
serovars, commonly found amongst lizards in this study, to determine whether
microbiological isolation is better achieved by inoculation of selenite F broth plated
onto xylose lysine decarboxylase (XLD) agar or inoculation of Muller Kauffmann
tetrathionate broth plated onto MacConkey agar. | also analysed the effects of
temperature on the isolation of fi@lmonellaserovars through isolation at both 37°C
and 27°C. | envision that this analysis will improve knowledge of the best
microbiological techniques for isolation of certain reptile-associggadimonella

serovars.

Chapter 6 outlines a summary of the research and recommendations for future research.
| also provide a summary of conservation management strategies based on minimising
the risk of transferring serovars 8almonellaand other diseases between islands and

populations of lizard.
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Salmonella enterica in lizards of New Zealand’s

offshore islands

Abstract

This study aimed to: assess the prevalence of faecal excret®almbnellaby wild
endemic lizards on offshore islands around the coast of New Zealand; determine
whether there is a geographical distribution Sdlmonellaserovars amongst New
Zealand native lizards and whether this distribution is affected by previous
translocations. Cloacal swabs were obtained from 703 lizards on eight islands off the
coast of New Zealand and these were cultured specificallgdbmonellausing four
aerobic enrichment and culture methods at two incubation temperatures. The
distribution of Salmonellaserovars found on these islands was compared, to determine
whether a spatial distribution ddalmonellaserovars exists amongst endemic New
Zealand lizards. Faecal excretion $&lmonellawas not found in all wild lizard
populations sampled. The mean test prevalence of faecal excreBamuinellan all

the lizards sampled was 4.7%. Skinl&cifcidag were more likely (8.5%) to be
carriers of Salmonella entericahan geckos (1.6%). Islands which were host to
Salmonella had between one and ti8aémonellaserotypes that were not found on any
other islands in this study. Two exceptions w8smonellaBousso andsalmonella

Mana which were found on two islands within the same geographical area. Infection
with Salmonellaserotypes found in this study did not have an adverse effect on body
condition. The spatial distribution @almonellaserotypesfound across these eight
islands is an important consideration for translocations. The lizards that were positive
for Salmonellaexcretion showed no clinical signs of the disease, suggesting that they
were asymptomatic carriers of the organism. Translocated reptiles should continue to
be screened for Salmonella in order to prevent infecting wild populations.

Keywords: Bacteria disease prevalence, lizard, reptile, Salmonella, serotypes,

Squamata, translocation, wildlife, zoonosis.
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2.1 Introduction

The presence and possible spread of disease is an important consideration when
translocating animals outside of their natal home range (Woodford and Rossiter 1994).
Animals born in one area may have acquired immunity to endemic diseases and may
become symptomless carriers of pathogenic organisms. This poses a threat when
animals are translocated outside of their normal home range. Individuals introduced
from captivity or other wild populations can introduce disease to animals at the release
site, which may have been previously naive to the disease. Similarly, individuals born
in one area will not have developed immunity to diseases found at the release site and

may therefore be at risk after release (Woodford and Rossiter 1994).

Approximately half of New Zealand’s lizard species are registered as threatened or
endangered (Daugherty et al 1994). The Department of Conservation (DoC) has
introduced recovery plans for many of these threatened lizards (Daugherty et al 1994;
Towns et al 2001). These plans frequently involve translocating lizards to offshore
islands where introduced pests have been eradicated and where habitat restoration
programmes have been undertaken in order to provide refuges for returning native
species (Towns 1999). Many of these islands are already host to some of New
Zealand’s rarest endemic lizards (Towns 1999). Disease screening is recommended
prior to the translocation of any species to prevent the spread of disease to naive wild
populations (Woodford and Rossiter 1994; Gartrell et al 2006). Because of many
factors, such as lack of funding, limitations of diagnostic testing and lack of a basic
biomedical knowledge of the species involved, disease screening is not carried out as
intensively or as accurately as is nhecessary to minimize the spread of disease (Woodford
and Rossiter 1994; Gartrell et al 2006).

There are no previous studies reporting the prevalen&alofionellawithin our wild
populations of geckos and skinks in New Zealand. Recent studies have found an
absence ofSalmonella excretion amongst wild and captive tuatar@pl{enodon
punctatu$ (Gartrell et al 2006; Gartrell et al 2007). Of the more than 230®onella
serovars over 40% are primarily cultured from reptiles (Mermin et al 2004). Salmonella
is frequently isolated from birds in New Zealand and overseas (Robinson and Daniel
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1968; Clark et al 2002; Tizard 2004). RecerfiglmonellaTyphimurium DT160
resulted in the mortality of many sparrowagser domesticysn New Zealand (Alley

et al 2002). Shortly after the first isolation of this organism from sparrows it began
causing significant disease in humans, resulting in a 20% hospitalisation rate (Alley et al
2002). This highlights the zoonotic potential of m&gimonellaserovars. Reptiles

can also act as sources $&lmonellaserovars, potentially infecting other wildlife,
domestic animals and humans within close proximity (Chambers and Hulse 2006). A
significant outbreak of salmonellosis causedSlaymonellaSaintpauloccurred in Otago

and was linked to wild geckos and skinks inhabiting kitchens (de Hamel and Mclnnes
1971). Similarly, wildlife, domestic animals and humans may infect lizards with other

Salmonella serovars to which they have previously been naive.

Within New Zealand it has been suggested that there is a spatial distribution of
Salmonella(Twentyman 1999) and, if this is the case then it is likely that lizards will
have acquired immunity to serovars found at their natal site, but would not have this
immunity to serovars introduced from other geographical areas. Obtaining baseline
knowledge of theSalmonellaserovars present on islands would enable us to identify
risks involved in the translocation process both to lizards and other wildlife present at
the release site. This is especially important as these offshore islands are home to some
of New Zealand’s most endangered lizards as well as tuatara and often extremely rare

amphibians.

Salmonellais a Gram negative bacillus belonging to the Enterobacteriacae group. It is
considered to be a generalist pathogen, able to cross host species barriers and is
frequently isolated from humans, birds, mammals and reptiles (Mermin et al 2004;
Haraga et al 2008). It is also a highly environmentally stable organism found to survive
for up to four weeks in tap water and wet sand, six weeks in direct contact with air, up
to eight weeks when mixed with dry sand and up to six months in dried reptile stool
(Otokunefor et al 2003; Mermin et al 2004). It is widely accepted that lizards constitute

a reservoir ofSalmonellafrom which humans and other mammals can contract
salmonellosis (de Jong et al 2005; Pasmans et al 2005; Chambers and Hulse 2006). Itis
now also clear that many of the serovars carried by lizards show the same characteristics
in terms of genetic structure, antimicrobial resistance and invasion of human intestinal

epithelial cells compared to serovars typically isolated from mammalian sources
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(Pasmans et al 2005)Salmonellaserovars belonging to subspecies | account for the

vast majority of human salmonellosis infections (Pasmans et al 2005). Pasmans et al
(2005) also found that common reptile associated serovars belonging to subspecies |
were more efficient at invading homeothermic hosts than reptile-associated serovars

belonging to subspecies I, lllb and IV.

Although Salmonellainfection in reptiles is often limited to non-symptomatic intestinal
carriage, it frequently results in clinical disease in humans and other animals (Johnson-
Delaney 1996; Chambers and Hulse 2006). When disease does occur in reptiles, it may
result in septicaemia, pneumonia, coelomitis, abscessation, granulomatous inflammation
and death (Johnson-Delaney 1996).

This study aims to:
1. assess the prevalence of faecal excretiotsafmonellaby wild endemic
lizards on offshore islands around the coast of New Zealand
2. determine whether there is a geographical distributionSafmonella
serovars amongst New Zealand native lizards and whether this distribution
has been affected by previous translocations
3. determine whether species, sex or age of the lizards has an effect on the

likelihood of Salmonella excretion.
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2.2 Materials and Methods

All procedures involving the use of animals were approved by the Massey University
Animal Ethics Committee (MUAEC 07/31), Palmerston North, New Zealand. All
islands accessed in this study are Crown owned. Access to the islands and procedures
involving the use of lizards were approved by the Department of Conservation (DoC)

and local iwi.

2.2.1 Study sites

| sampled 703 lizards from eight islands (Figure 2.1) across two southern hemisphere
summers. The study sites used in this research can be divided into two broad groups:
islands which have had lizard translocations in the past and islands upon which the
lizard fauna are endemic and have not been re-introduced from elsewhere (Table 2.1).
Table 2.2 shows the reintroduction history of these islands, including species introduced

and the source of these individuals.

Table 2.1: Islands on which lizards were sampled for Salmonella in this study and

dates of survey

Islands with a history of lizard translocations | Islands without a history of lizard
translocations
Island Location Sampling | Island Location
dates
Korapuki Island Auckland/ December | Cuvier Island Auckland/ October
Coromandel | 2007 Coromandel 2007
Mana Island Wellington March Little Barrier | Auckland/ November
2006 Island Coromandel 2007
Matiu/Somes Wellington January | Stephens Marlborough | February
Island 2008 Island Sounds 2007
Maud Island Marlborough | March
Sounds 2008
Motuopao Island Northland October
2007
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/

Motuopao Is.

Little Barrier Is.

‘/A/ Cuvier Is.
Korapuki Is.

—

Marlborough Sounds:
Stephens and Maud Is.

Matiu/Somes Is.

Figure 2.1: Location of study sites throughout the North Island and upper South Island

of New Zealand

2.2.2 Field methods
Lizards from the familieScincidaeandGekkonidaevere captured by hand or in pitfall
traps and manually restrained for cloacal sampling. The Minitip cloacal swabs were
stored in individual polypropylene tubes containing Aimes agar gel with charcoal
(Copan Diagnostics Inc, 2175 Sampson Ave, Suite 124, Corona, CA 92879, USA) and
stored on ice for up to five hours, followed by refrigeration on the island at 4-6°C for up

to 13 days until transport to the laboratory where they were stored at 4°C until culturing.

For each individual, a measurement of weight and snout-vent length (SVL) was made.
Lizards were measured along their abdomen from the tip of their jaw to their cloacal

opening (Figure 2.2). This measurement was made to an accuracy of +0.5mm. Weight
was determined using Pesola scales with an accuracy of +0.2g. This information was

used to determine wheth&almonellaexcreting individuals had lower body weights
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when compared with uninfected individuals. The species and sex of each individual
was also recorded.

Ll lolalall

Figure 2.2: Obtaining an SVL measurement
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Table 2.2: The history of lizard translocations to islands investigated in this study
(based on data from Armstrong (2008) and Cash, B. pers. comm)

Island Species Source Number of| Date of release
individuals
Korapuki Island C. alani Greenlsland | 7 November 1992 |-
March 1993
Korapuki Island C. oliveri Greenlsland | 18 November 1992 | -
March 1993
Korapuki Island C. whitakeri Middle Island | 28 February 1988 - March
1990
Korapuki Island O. suteri Greenlsland | 30 November 1992 | -
March 1993
Mana Island H. duvaucelii North Brother| 21, 18 February 1998,
Island November 1998
Mana Island N. elegans Wellington 12 February 1998,
November 1998, May
1999
Mana Island O. infrapunctatum | Stephens 49 Unknown
Island
Mana Island O. lineoocellatum | Matiu/Somes | 50 February 1998
Island
Matiu/Somes Island H. granulatus Captivity 25 April 2005
Matiu/Somes Island C. ornata Wellington 26 November 2006
Maud Island O. infrapunctatum | Stephens 40 January 2005
Island
Motuopao Island Matapia IslandViatapia 41 April 1997
gecko Island
Motuopao Island C. alani Matapia 30 April 1997
Island

2.2.3 Laboratory isolation of Salmonella

Salmonellaisolation was achieved by inoculating selenite F enrichment broths (SFB,

Fort Richard Laboratories, Otahuhu, Auckland, NZ) and tetrathionate enrichment broths
(TB, Fort Richard Laboratories). Duplicates were made of each broth and incubated at
35-37°C and 25-27°C for 24 hours. The selenite broths were sub-cultured onto xylose
lysine deoxycholate (XLD) plates (Fort Richard Laboratories) and tetrathionate broths
were sub-cultured onto MacConkey (MC) agar plates (Fort Richard Laboratories),

which were incubated in normal atmosphere at 35-37°C and 25-27°C for a further 24
hours. Suspect colonies found with any method were used to inoculate triple sugar iron
(TSI) agar slopes, urea slopes and lysine decarboxylase tubes (Fort Richard
Laboratories). These were incubated overnight at both 37°C and 27°C and results

noted. Colonies that resulted in glucose fermentation and hydrogen sulphide production
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on TSI slopes, positive lysine decarboxylase tests and acid (negative) urease tests were
considered to be consistent wialmonella. Each organism suspected of being
Salmonella was tested for; fermentation of glucose, mannitol and xylose, hydrolysis of
o-nitrophenylf-d-galactopyranoside (ONPG), indole production, @iceproduction,

citrate utilization, production of indolepyruvate and ornithine decarboxylase (Quinn et

al 1994).

Samples which were found to be positive almonella based on the tests outlined
above were sent to Environmental Science and Research Services (ESR) for
confirmation and serotyping. Serotyping was undertaken by antigenic determination,

identifying the somatic ‘O’ and flagella ‘H’ antigens present.

2.2.4 Statistical analysis

The prevalence rates 8almonellavere calculated using the formulae described below
(Thrusfield 2005) and making the assumptions thatSaknonellaculture was 50%
sensitive and 98% specific (Bager and Petersen 1991). Ninety five percent confidence

intervals are reported.

The significance of the geographic distribution $&Imonella serovars and the
distribution of Salmonellaprevalence between islands, species and sexes were tested

using a chi-square analysis.

The effect ofSalmonellaexcretion on body condition of the lizards was tested using a

multiple regression.
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True Prevalence

P = (P + specificity -1) / (sensitivity + specificity -1)

Where P = test prevalence
and P = true prevalence

Variance

Variance = [P(1-P")] / [n(sensitivity +specificity -1

n = sample size

95% Confidence interval

95% Cl = P + 1.96 wariance

Statistical analysis was applied to data collected to detect the 95% confidence range for
the maximum possible prevalence ®dlmonella on islands where | found no lizards
positive forSalmonellaexcretion (Cameron and Baldock 1998). The software used was
the Detection of Disease component of WinEpiScope 2.0 (Facultad de Veterinaria
Zaragoza, Spain; Wageningen University, The Netherlands; and University of
Edinburgh, UK). The population size of lizards on Little Barrier and Maud Islands was
estimated at 10,000 individuals. The population size of lizards on Motuopao Island was

estimated at 1,000 individuals.
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2.3 Results

Not all reptile populations sampled showed faecal excretion of Salmonella. The mean
test prevalence of faecal excretion of Salmonella in the 703 lizards sampled was 4.7%
and the true prevalence was in the range 2.3% - 8.8% at the 95% confidence interval
(CI).

Salmonella serovars were found predominantly @ligosoma (P'=10.3%) and
Cyclodina (P=4.9%) skinks and occasionally ioplodactylusgeckos (P=1.6%). No
Salmonellawas found in the 1ANaultinus geckos sampled. Proportionately more
Hoplodactylus(n = 373),0ligosoma (n=213) an€yclodinaskinks (n=103) species

were sampled than the 14 Naultinus geckos.

In this study | found that skinks {©8.5%, n = 316) were more likely to be carriers of
Salmonella entericahan geckos (B1.6%, n =387) 4 = 19.14,p=0.001, DF =1).
Twenty-two Oligosomaskinks (n=213) were positive f@almonella but this was not a
significantly higher prevalence than in theCGyclodina skinks (n=103) §* =2.662,
p=0.103, DF=1). SixHoplodactylusgeckos (n=373) were found to be positive for
Salmonellaexcretion, however the sample size Mdultinus geckos (n=14) was too
small to determine whetheHoplodactylus spp have higher excretion rates of

Salmonella.

The prevalences @almonellaon the eight islands studied ranged from 0 — 9.9% (Table
2.3). This was a statistically significant differenge<18.3, DF=7, p=0.011).

All serovars isolated in this study belong to two subspecies. Members of subspecies |
(n=29) were most commonly found in this study followed by subspecies IV (n=5), no
other serovars were isolated in this study. Eleven serov&alwionellavere isolated

from New Zealand endemic lizards in this study (Table 2.4).

Little Barrier, Maud and Motuopao Islands had a zero prevalen&alafonella. The
maximum possible prevalence 8klmonellaon these islands was 6.3%, 3.0% and

22.0% respectively. The remaining five islands were the source of between one and
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threeSalmonellaserovars which were not found on any other island in this study (Table
2.3). SalmonellaBousso andsalmonellaMana were the only two serovars that were
found on more than one islandSalmonellaBousso was found in shore skink®. (

smith) on both Cuvier and Korapuki islandssalmonellaMana was found on Mana
Island and Matiu/Somes Island. The test prevalence of serovars on islands ranged from
0.7% - 6.9%. The true prevalence of serovars on islands ranged from 0 — 20.5%.
SalmonellaBousso was found in the highest prevalence. 6.9% of lizards tested on

Cuvier Island were positive for SalmoneBausso.

Previous lizard translocations to the island did not have an effect on either the
prevalence oSalmonellaon the island nor the number of serovars found on the island
(Table 2.5). The test prevalence ®&lmonellaon islands with a history of lizard
translocations was found to be 4.8% (n=456) and the true prevalence is 5.9%. The test
prevalence oBSalmonellaon islands without a history of lizard translocations was 4.5%
(n=247) and the true prevalence is 5.1%. The difference was not statistically significant
(x* = 0.0493, DF = 1p=0.824). The number of serovars found on the island was not
influenced by the number of translocations that have occurred to the island (Table 2.5).
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Table 2.3: Prevalence oSalmonella serovaf®und on New Zealand offshore islands

and the true prevalence range at the 95% confidence interval

Island Salmonella test| 95%CI true | Serovars No. lizards
prevalence (%) prevalence sampled
Cuvier 6.9 0-20.6% Boussé8 101
Korapuki 9.9 5.8% -27.2% IV 43:z4, 131
723:%
Warragul
Bousso
Mississippi
Little Barrier 0.0 0-6.3% 46
Mana 5.8 0-17.4%  Mand 103
6,7:z:-
48:k:-
Matiu/Somes| 2.7 0-7.7% Mana 111
Infantis
Maud 0.0 0-3.0% 99
Motuopao 0.0 0—-22.0% 12
Stephens 4.0 0-12.2% Saintpaul 100
Typhimurium
phage type
135
4,12:-:11,2

a, first isolates from New Zealand; b, first isolated from a takahe on Mana island in

1998; c, formally serovar Houten.

No difference was detected in the prevalenc&alfonellabetween males (R5.5%,

n=274) and females [{P5.4%, n=278) * = 0.002, DF = 1p=0.967). Similarly,
juveniles (P=2.0%, n=151) were not found to differ in th&almonellacarriage rates
compared with adults (B5.4%, n=552) = 3.15, DF = 1, §0.076).
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Ten different lizard species were found to be hos$dbmonellaserovars (Table 2.4),

eight species of skinks and two species of gecko. Sample sizes were too low to
determine whether there is a differenceSalmonelladistribution between species.
Common skinks @. nigriplantare n=332) and common geckol.(haculatus n=29)

were host to the highest diversity (n = 4)QdIlmonellaserovars (Table 2.4). Shore
skinks ©. smith) and egg laying skinksJ suter) were host to two and three serovars

respectively. All others species were host to a single Salmonella serovar.

SalmonellaSaintpaul andalmonella4,12:-:1,2 were found concurrently in two lizards
on Stephens Island. All other individuals were host to a single serovar of Salmonella.

Those individuals caught on the coast within five metres of the high tide mark were
much more likely to be carriers 8almonella(P'=11.2%, n=487) than those that were
caught more than five metres from the high tide mafk /8%, n=216) = 29.0, DF

=1, p=0.001).

A multiple regression was performed on weight (g) and snout — vent length (mm) and |
found thatSalmonellahad no effect on the body condition of skinks (t=-0.977, n.s.) or
geckos (t=-0.805, n.s.) (Appendix 1)
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Table 2.4: Prevalence oSalmonella serovarf®und in New Zealand endemic lizards

and the true prevalence range at the 95% confidence interval

Species Test 95% CI range of true Serovars No. lizards
prevalence prevalence sampled
%
C. aenea 2.6 0-11.5% Mana 39
C. alani 0.0 0-12.6% 22
C. macgregori 10.0 0-44.1% 6,7:z:- 20
C. oliveri 18.2 0-81.2% 43: 74, 223:- 11
C. whitakeri 0.0 0-23.8% 11
O. infrapunctatum 0.0 0-95.2% 1
O. lineoocellatum 2.0 0-7.8% Infantis 51
O. moco 0.0 0—-34.8% 7
O. nigriplantare 17.2 3.1% - 60.4% Mana 29
Saintpaul
Typhimurium
4,12:-:1,2
O. smithi 16.4 12.4% — 47.8% Bousso 73
Mississippi
O. suteri 7.7 0-29.3% Bousso 39
IV 43:z4,z23:-
Warragul
O. zelandicum 7.7 0-42.0% Typhimurium 13
H. chrysosireticus 0.0 0-20.4% 13
H. duvauceli 9.5 0-41.8% IV 43:24,223:- 21
H. maculatus 1.2 0-1.8% IV 43:24,223:- 332
Mana
6,7:z:-
48:k:-
H. pacificus 0.0 0-39.2% 6
H. stephensi 0.0 0-95.2% 1
N. manukanus 0.0 0-19.2% 14
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Table 2.5: Number of lizard translocations to study sites and the corresponding number

of Salmonella serovars found on the island

Island Number of lizard Number of Number of
translocations Salmonella lizards caught
serovars found

Korapuki Island 4 4 131

Mana Island 4 3 103
Motuopao Island 0 12
Matiu/Somes Island 2 2 111

Maud Island 1 0 99

Little Barrier Island 0 0 46
Stephens Island 0 3 100
Cuvier Island 0 1 101

2.4 Discussion

This study found prevalence rates of Salmonella on offshore islands to be between 0 and
9.9% with a mean true prevalence of 4.7%. This is much lower than the 95%
prevalence found amongst free-living reptiles in Indiana County, Pennsylvania, but
similar to the 0% prevalence found in other studies (Richards et al 2004; Chambers and
Hulse 2006).

The prevalence odalmonellaon islands ranged from 0 — 9.9%. Not all islands in this
study showed faecal excretion 8almonellaamongst the lizard inhabitants. Little
Barrier, Motuopao and Maud Islands were all found to be freBathonellain the
inhabitant lizards, although it is likely that they were not fre8alfmonellaentirely and

that the prevalence was at a lower level than detected by the sample sizes. This is
indicated by the maximum possible prevalences of 6.3%, 3.0% and 22.0%. Why these
islands should have lower prevalenceSafmonellahan other islands is unclear. One
possible explanation is that Little Barrier Island is New Zealand’s oldest offshore nature
reserve, hence strict quarantine procedures have been in place for this island for some

time. Maud Island’s quarantine procedures are also very strict in order to protect the
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Maud Island frogl(eiopelma pakeka). These procedures may help to reduce the spread
of Salmonellato the islands also. A very small sample size was obtained on Motuopao
Island. Had a larger sample size been obtained it is possible we would have isolated
someSalmonella. The maximum prevalenceS#Imonellaon Motuopao Island was
22.0% indicating this.

The remaining five islands surveyed were host to between one and four different
serovars oSalmonellathat are not found on any of the other islands. This suggests that
translocation of lizards between islands could also intro@atmonellaserovars that

have not previously existed on the island. At this stage the pathogenicity of these
serovars to lizards is unknown so | am unsure as to whether this would have any adverse

effects on the existing populations of lizard.

Two Salmonellaserovars,SalmonellaBousso andSalmonellaMana, were found on
more than one islandSalmonellaBousso was found amongst lizards on Cuvier Island
(36°268S, 175°4@&) and Korapuki Island (36°38, 175°5Z) in the Coromandel.
Slmonella Mana was found on Mana Island (4156 174°48&) and Matiu/Somes
Island (41°165, 174°5Z) in the Wellington region. It is very difficulbtisolate a
spatial distribution from a species distribution as they are likely to be inter-related.
Shore skinks@. smith) were captured on three islands in this study, Cuvier, Korapuki
and Little Barrier (36°15, 175°8). No Salmonellawas found on Little Barrier
Island. SalmonellaBousso, however, was found on both Cuvier and Korapuki and only
in O. smithi To the best of my knowledge no lizard translocations have been conducted
between these islands which could have sp&sdchonellaBousso from one island to

another.

If the distribution ofSalmonellaMana is also due to a species influence, rather than
geographical one, it is less clear from this stu&almonellaMana was found in only

two individuals on both Mana and Matiu/Somes. A sir@lenigriplantarewas found

to be positive on both islands aBdlmonellaMana was also isolated from a common
gecko H. maculatuy on Mana Island and a copper skirk @enea) on Matiu/Somes
Island. SalmonellaMana was first isolated from a takahe in 1998. These isolates found
amongst lizards on Mana Island and Matiu/Somes Island were the first isolations of this

serovar since 1998. Fifty spotted skinks were translocated from Matiu/Somes Island to




66  Chapter Two — Salmonella enterica in lizards of New Zealand’s offshore islands

Mana Island in 1998, shortly befofgalmonellaMana was isolated from takahe on
Mana Island. So, it is possible that Matiu/Somes Island was in fact the source of

Salmonella Mana.

The prevalence oBalmonellaand the number of serovars isolated varied between
islands. It is unclear what would cause such a variation in prevalence from 0 — 9.9% as
| did not find that increasefalmonellaprevalence or serovar diversity was associated

with a history of lizard translocations to the island.

Skinks Scincidag¢ were far more likely to be carriers &almonellathan geckos
(Gekkonidag in this study. Skinks are predominantly ground dwellers and feed on a
range of food including fruits, insects and carrion (Gill and Whitaker 1996). Geckos are
more arboreal species (Gill and Whitaker 1996). The green geblastiGug are
diurnal and almost entirely arboreal, feeding predominantly on fruits and insects (Gill
and Whitaker 1996; Department of Conservation 2002). Members of the genus
Hoplodactylusare also inclined to an arboreal lifestyle but will forage both on the
ground and in trees and plants and are nocturnal (Gill and Whitaker 1996; Department
of Conservation 2002)Salmonellawas only found within thédoplodactylusspecies.
Skinks and the two species Hbplodactylusfound to be shedders &almonellaare

known to eat carrion and regurgitated seabird fluid (personal observation). It is possible
that this is the source &almonellainfection in these animals. New Zealand seabirds
have been found to be hosts of Salmonella by other authors (Clark et al 2002; Clark et al
2004; Tizard 2004). Arboreal lizards are less likely to come into contact with faecal
infected food than those that live on the ground. This may also contribute to the

difference in Salmonelleates found within these species.

Diet and lifestyle may also be the cause of lizards living within five metres of the high
tide mark having higher prevalences $dlmonellathan those living more than five
metres from the shore. Many of the lizards that inhabit the coastal environments will
readily eat carrion, indeed a fish head placed in a pitfall trap overnight will see some
thirty or more lizards caught in the trap by morning on some island beaches (Figure
2.3), with little sign of the fish head remaining. More studies are required to determine

whether diet is a likely source of infection in these animals.
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Figure 2.3: O. smithi and O. sutecaught in a pitfall trap using dead fish as bait

Previous studies of both captive and wild caught tuatara have found an absence of
detectable gastrointestinal sheddingSafimonella (Gartrell et al 2006; Gartrell et al
2007). It has been suggested that this may be due to a deficiency in the sampling
technique, or that tuatara may not be carrierSaimonella; either due to an acquired
immunity or a lack of exposure (Gartrell et al 2006; Gartrell et al 2007). This study
found that lizards co-existing with tuatara were excretadgmonellawhich suggests

that tuatara are most likely exposed. On both Stephens and Cuvier Islands, skinks live
in very close proximity to the tuatara spectshenodon punctatusThe tuatara and

skink populations on Stephens Island are so dense that skinks and tuatara frequently
inhabit the same burrows, with resident skinks apparently relying on their speed to
avoid falling prey to the local tuatara (Walls 1981). Whilst skinks are abundant where
tuatara live, they only form a small part of the diet of a tuatara, primarily because skinks
are too swift for them (Walls 1981). Skinks, however, are on occasion caught and eaten
by local tuatara (Walls 1981). It is therefore unlikely that tuatara on these islands would
have been able to avoid exposure toShaémonellaserovars, for which these skinks are
frequently hosts. Inadvertent introduction $&lmonellaserovars unique to these

islands through lizard translocations could therefore be detrimental to the survival of the
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tuatara populations if their immunity is serovar specific. Matiu/Somes Island is also
home to a dense population of skinks and the rarer species of tquiaeaodon
guntheri To the best of my knowledge no research has been conducted to determine

whether this species also shows an absence in detectable faecal she8dingpotlla.

Salmonellasubspecies lefnterica) has been found to be the most commonly isolated
subspecies from reptiles by other authors (Geue and Loschner 2002; Pasmans et al
2005; Bauwens et al 2006). This study provides evidence that this may also be the case
in New Zealand. The vast majority &almonellaserovars isolated in this study
belonged to subspecies I, which is also the subspecies most commonly associated with
human salmonellosis infections (Pasmans et al 2005). The only other subspecies
isolated from New Zealand lizards in this study was subspecieshdvtgnag
Poikilothermic animals are generally regarded as usual carrierSatrhonella
subspecies IV (Pfleger et al 2003). | foundSamonellasubspecies llla or Ilib in this

study.

Eleven serotypes @almonellawere identified in this study. Some are more common
than others.SalmonellaMississippi is a relatively uncommon cause of human disease
throughout the world (Ashbolt and Kirk 2006). In Europe and the United States, it
accounts for less than 1% of all human salmonellosis infections (Ashbolt and Kirk
2006). However, it is a relatively common disease in Tasmania, Australia.
Approximately 80% of allSalmonellaMississippi infections in Australia are reported
among Tasmanian residents (Ashbolt and Kirk 2006). Individuals who had direct or
indirect contact with wildlife were more likely to contraSalmonellaMississippi,
suggesting Tasmanian wildlife may be acting as a reservoir for this serovar (Ashbolt
and Kirk 2006). Previous studies have fouBdimonellaMississippi from faecal
samples of many native Australian species in Tasmania including; skinks, snakes,
quolls, Tasmanian devils and kangaroos (Ashbolt and Kirk 2006). In New Zealand,
SalmonellaMississippi is also an important serovar for human health, from 2003-2007
it was responsible for 71 reported cases of salmonellosis infeatiohumans
(Environmental Science and Research 2008a). It has also been identified in a number of
non-human isolates and is frequently isolated from bovine, ovine and equine sources

(Environmental Science and Research 2008b).
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Salmonella entericaserovars Typhimurium, Infantis and Saintpaul have also been
isolated from reptiles overseas in relatively high densities (Baumler et al 1998;
Chambers and Hulse 2006). Typhimurium was also the most common serovar isolated
from Indiana County, Pennsylvania herpetofauna and was found amongst a number of
snakes at Emperor Valley Zoo in Trinidad (Gopee et al 2000; Chambers and Hulse
2006), suggesting that this is a common serovar amongst reptiles throughout the world.
Salmonelldnfantis and Saintpaul have also been isolated from herpetofauna throughout
the world, including in America and Sweden (de Jong et al 2005; Chambers and Hulse
2006). Salmonellalinfantis, Mississippi, Saintpaul and Typhimurium are all commonly
isolated from cattle, sheep and pigs in New Zealand.

Four of theSalmonellaserovars isolated from New Zealand lizards during this study are
also significant pathogens of humans. For exam$kEmonellaTyphimurium is
responsible for more than 50% of reported cases of human salmonellosis in America.
SalmonellaSaintpaul, Infantis and Mississippi are also common causes of human
salmonellosis. Salmonella Infantis is more commonly isolated from non-human
sources. However, in Canada from 1983 — 1992, it was the fifth most common serovar
isolated from humans (Khakhria et al 199BalmonellaSaintpaul was the ninth most

common isolate in Canada for the same period of time (Khakhria et al 1997).

Other serovars such &almonellaBousso and Warragul are less often associated with
human disease but can still result in significant salmonellosis in certain circumstances.
SalmonellaBousso was isolated from 14 lizards on the offshore islands of Cuvier and
Korapuki. This is the first isolation &almonellaBousso in New Zealand, although it

has been reported as the cause of salmonellosis amongst humans in North America

(Centers for Disease Control and Prevention 2007).

The mean prevalence &almonellawithin the lizards on these eight offshore islands
was 4.7%, this was higher than the rates reported for free-living reptiles overseas. A
number of authors in North America have found that wild reptiles do not excrete
Salmonella(Richards et al 2004). | have found no evidence $atonellaexcretion

has an adverse effect on the health of lizards, as their body weights are not significantly
different from nonSalmonellaexcreting individuals of the same length. Nor have |

found any effect of a previous history of lizard translocations to the island on
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Salmonellgprevalence amongst the inhabiting lizards. However, members of the genus
Scincidae (skinks) were far more likely to be shedders $&lmonellathan geckos
(Gekkonidag and lizards that live within 5 metres of the high tide mark were more
frequently found to be excretinalmonellathan those further than 5 metres. This
suggests thabalmonellaexcretion may be related to diet and lifestyle. Future studies
should examine the prevalence 8flmonella serovars amongst seabirds which

regularly inhabit these islands as a potential source of the bacteria.
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A survey of potential pathogens in New Zealand native lizards from

Mana Island, New Zealand

Abstract

One hundred and three cloacal swabs were obtained from lizards on Mana Island, New
Zealand in order to assess the prevalence of faecal excret@ainobnella, Aeromonas

and Hafnia alvelbby New Zealand native lizards on Mana Island. These cloacal swabs
were cultured specifically folSalmonella,H. alvei and Aeromonasusing aerobic
enrichment and culture methods. The prevalenc8atinonellaon Mana Island was
found to be 5.8%. Three differeBalmonellaserotypes were identified from the lizards
sampled, they werB8almonellaMana, Salmonella6,7 :z:- andSalmonella 48:k:-. Six

sites were sampled across Mana Island and it was found that each site was host to
Salmonellaserovars that were not found on any other site in this studyAekamonas
species were cultured from any of the cloacal swabs which suggests that, at the 95%
confidence interval the maximum prevalenceAefomonasamongst this population is

less than 3%.Hafnia alveiwas found at a prevalence of 1.9%. None of the organisms
were found to have an effect on body condition of the reptiles. The spatial distribution
of Salmonella serovars suggest that serovars tend to localise in populations.
Translocated reptiles should continue to be screene8alononellain order to prevent
infecting wild populations. The pathogenic and zoonotic potentibl. @flvei remains
unknown although its prevalence in this population was very low.

Keywords: Aeromonas,bacteria disease prevalencdjafnia alvej lizard, reptile,

Salmonella, serotypes, Squamata, translocation, wildlife, zoonosis
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3.1 Introduction

New Zealand is home to approximately 60 species of lizard (Towns et al 2001,
Department of Conservation 2002). Of these lizards, approximately half are registered
as rare, threatened or endangered (Daugherty et al 1994). The Department of
Conservation (DoC) has implemented management strategies for the recovery of these
native lizards, which frequently involve the translocation of threatened lizards to
offshore islands where introduced pests have been eradicated (Towns et al 2001). The
presence and possible spread of disease is an important consideration when
translocating reptiles, and indeed all animals, to new areas (Woodford and Rossiter
1994). Reptiles born in one area may have acquired immunity to diseases found in that
area and may become symptomless carriers of the pathogens. This poses a threat to
animals at the release site which may have been previously naive to the pathogen. In
much the same way, reptiles from one area may not have developed immunity to
pathogens found at the release site and may therefore be at risk after release (Woodford
and Rossiter 1994).

Salmonellaand Aeromonasare important diseases amongst reptiles overseas and can
also cause disease in humans, mammals and birds (Cooper and Jackson 1981; Quinn et
al 1994; Mader 1996; Twentyman 1999; Mermin et al 2004; Richards et al 2004;
Chambers and Hulse 2006). We know very little about the prevalence of these
organisms in New Zealand. A recent study by Gartrell et al (2007) feuralvei
amongst tuataraSphenodon punctatus The present study aims to assess the rate of
intestinal carriage oBalmonella, H. alvei and Aeromonhg wild endemic lizards on

Mana Island, New Zealand.
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3.1.1 Mana (Te Mana o Kupe ki Aotearoa) Island

Mana Island (41°®,174°48E) is a 217-ha scientific reserve that lies 2.5km from the
mainland of the North Island at its closest point (Timmins et al 1987; Newman 1994;
Miskelly 1999; Wotton 2002). Mana Island’s classification as a scientific reserve
allows for public access, and visitors are very common on the island during summer
months (Miskelly 1999).

There is a long history of human occupation of Mana Island, both by Maori and
Europeans (Timmins et al 1987; Miskelly 1999). From 1832 to 1986 the island was
farmed, resulting in extensive modification of the landscape (Timmins et al 1987,
Wotton 2002). By 1986, the indigenous vegetation was confined almost entirely to the
cliffs and a small catchment on the flats (Miskelly 1999). An extensive replanting

programme has been undertaken as part of the island restoration plan (Wotton 2002).

Figure 3.1: View across the valley on Mana Island
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In the mid 1980s farming ceased on the island and all stock were removed (Timmins et
al 1987). Despite the abundance of human activity on the island, houseMuise (
musculu} were the only non-stock mammal that inhabited the island and these too were
removed through poisoning when an eradication programme began in August 1989
(Timmins et al 1987; Newman 1994; Wotton 2002). No mice or their signs have been
seen on Mana Island since February 1990 (Newman 1994).

Ten species of reptile currently inhabit the island. They are the McGregor’'s skink
(Cyclodina macgregoyj copper skink Cyclodina aenea), brown skinkO{igosoma
zelandicunp common skink Qligosoma nigriplantarg speckled skink @ligosoma
infrapunctatun), spotted skink @ligosoma lineocellatujn goldstripe gecko
(Hoplodactylus chrysosiretichs common gecko Hoplodactylus maculatgs
Duvaucel's geckoHoplodactylus duvaucgliand Wellington green geckdN&ultinus
elegans elegans Copper skinks, common skinks and common geckos are common and
widespread on the island (Miskelly 1999). There are two very important populations of
lizard on Mana Island; the McGregor's skink is considered vulnerable (Vu) by the
IUCN red list (IUCN 2007) and range restricted by the Department of Conservation’s
(DoC) threatened species classification (Hitchmough et al 2005). McGregor’s skinks
are currently found on only four islands, including Mana Island (Miskelly 1999). The
goldstripe gecko is considered lower risk/least concern by the IUCN red list (IUCN
2007) and sparse to gradual decline by DoC (Hitchmough et al 2005). The Mana Island
population is the only island population of this species. Thus, it is the only population
free of predation by introduced mammals and is possibly the largest surviving

population of goldstripe geckos (Miskelly 1999).

Archeological excavation of Mana Island found the remains of seven different species
of reptile. Four of these species still inhabit the island; McGregor's skKink (
macgregorj, copper skinksE. aenea), common skink®( nigriplantarg and common
gecko H. maculatuy. The remains of robust skink€.(alani), Duvaucel’'s geckoH.
duvaucel) and tuatara3phenodorsp) were also found, although these species are no
longer extant on the island (Miskelly 1999). The list of reptile species recorded from
archaeological excavation is unlikely to be complete, highlighted by the absence of
goldstripe geckos H. chrysosireticus and brown skink @. zelandicun remains

(Miskelly 1999). It is therefore possible that any or all of the 17 species of reptile
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recorded in the lower North Island may have been present on Mana Island at some time
(Miskelly 1999).

Four of the ten species that currently inhabit Mana Island have been reintroduced to the
island from various locations throughout New Zealand (Armstong 2008) (Table 3.1). A
number of other reintroductions are planned for the future, including tu&jainarfodon
punctatu$, robust skink Cyclodina alanj and Whitaker’s skink@yclodina whitakepi
(Miskelly 1999). It is therefore important that we have a basic knowledge of the
diseases found on Mana Island to ensure that we do not introduce new disease to the
island with the reptiles, and endanger the survival of species already inhabiting the
island or threaten the survival of the transferred species through infection with disease

found on Mana Island.

Table 3.1: Source of lizard translocations to Mana Island. Data from Armstrong (2008)

. Number
Species Source Date of release
released
Hoplodactylus duvaucelii | North Brother Island 21 1997
Naultinus elegans elegans Wellington region 12 1998/1999
Oligosoma infrapunctatum|  Stephens Island 49 Unknown
Oligosoma lineoocellatum | Matiu/Somes Island 50 1998

3.1.2 Salmonella

Very little research has been conducted in New Zealand on the prevalence of
Salmonellawithin wild populations of reptiles, although overseas studies have found

Salmonellao be highly prevalent amongst wild and captive herpetofauna (Mader 1996;
Chambers and Hulse 2006). Of the more than 238lthonellaserovars more than

40% are primarily cultured from reptiles.
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Within New Zealand it has been suggested that there is a spatial distribution of
SalmonellaTwentyman 1999). If this is the case, then it is likely that lizards will have
acquired immunity to serovars found at their natal site, but would not have this
immunity to serovars introduced from other geographical areas. Moreover, translocated
reptiles might serve as vectors $&lmonellaserovars not present at the release site.
This is therefore an important consideration when translocating reptiles to new areas.

Little is known about the prevalence &almonellaserovars within New Zealand
endemic lizard populations. A recent study foundSamonellawithin free-living
tuatara $phenodon punctatu®n Stephens Island. This could be due to a lack of
exposure, resistance to infection or failure of methodology (Gartrell et al 2007). Geckos
and particularly skinks regularly coexist with tuatara. Therefore, some knowledge of
the prevalence dbalmonella within New Zealand native lizards would aid in assessing
the risk of the spread of novel Salmonella serovars to geckos, skinks and tuatara.

3.1.3 Hafniaalvel

Hafnia alveiis a zoonotic organism found in mammals, birds, fish, soil, sewage, food
and reptiles (Janda and Abbott 2006). However, very little is known &balveiand

the role it plays in both human and veterinary medicine (Janda and Abbott 2006).
alvei is rarely pathogenic (Quinn et al 1994), but has a possible association with
gastroenteritis in humans (Rodriguez et al 1999; Janda and Abbott 2006). It has been

found in tuatara in New Zealand (Gatrtrell et al 2007).

3.1.4 Aeromonas

Aeromonads commonly associated with septicaemic disease and mouth infections of
reptiles (Cooper and Jackson 1981; Mader 1996; Twentyman 1999), although the
organism is also frequently isolated from clinically healthy lizards (Mader 1996).
Aeromonasds only very rarely associated with disease in humans (Quinn et al 1994).
There has been no comprehensive survey on the prevalence of this organism within

New Zealand lizards.
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A better base knowledge of these diseases amongst the geckos and skinks on Mana
Island will help us to better manage disease risks. The potential risks are to humans
involved in the translocation of these reptiles, to translocated lizards, and to other

wildlife that may be present at the release site.

The aims of this study were to:
1. Assess the prevalence $almonellaH. alveiand Aeromonason Mana Island,
New Zealand
2. ldentify the serovars of Salmonella present on Mana Island, New Zealand
3. Determine whether there is a spatial distributionSaimonella,H. alvei or
Aeromonas within herpetofauna on Mana Island
4. Determine the effect of age, sex and species on the carria§almbnella,

Aeromonasand H. alveamongst endemic lizards on Mana Island.

3.2 Materials and Methods

All procedures involving the use of animals were approved by the Massey University
Animal Ethics Committee, Palmerston North, New Zealand (MUAEC 07/31). Mana
Island is owned by the Crown. Access to the island and procedures involving the use of
lizards were approved by the New Zealand Department of Conservation (DoC) and
Ngati Toa who are kaitiaki of Mana Island.

3.2.1 Field methods

One hundred and three (103) lizards in the scientific reserve of Mana Island were
sampled during March (southern hemisphere summer) 2006. Lizards from the families
Scincidaeand Gekkonidaewere captured by hand or in pitfall traps and manually
restrained for cloacal sampling (Figure 3.2). The Minitip cloacal swabs were stored in
individual polypropylene tubes containing Aimes agar gel with charcoal (Copan
Diagnostics Inc, 2175 Sampson Ave, Suite 124, Corona, CA 92879, USA) and stored
on ice for up to five hours, followed by refrigeration at 4-6°C on the island for up to

four days until transport to the laboratory where they were stored at 4°C until culturing.




84 Chapter Three — Potential pathogens in lizards from Mana Island, New Zealand

For each individual, a measurement of weight and snout-vent length (SVL) was made.
Lizards were measured along their abdomen from the tip of their jaw to their cloacal

opening. This measurement was made to an accuracy of +0.5mm. Weight was
determined using Pesola scales with an accuracy of £0.2g. This information was used
to determine the body condition of each lizard. The species and sex of each individual
was also recorded.

Figure 3.2: Cloacal sampling a common geckb (nhaculatuy

Six sites across the scientific reserve of Mana Island and in a range of different habitats
were sampled in this study (Figure 3.3).
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Mana Island study sites

Site 1 — McGregors Rock
Site 2 — Weta Valley

Site 3 — House Valley
Site 4 — Coastal

Site 5 — South west cliffs

OoEOEO

Site 6 — Lighthouse site

f ‘ Mana'lsland
N o

Mana [ 4

Figure 3.3: Aerial map of Mana Island showing location of sites surveyed
(adapted from Google Earth)
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3.2.2 Laboratory methods

The protocol for microbiological isolation &almonellahas been described in Chapter

Two of this thesis. No changes were made to this protocol in the present study.

Isolation of Aeromonasand Hafnia alveiwas conducted by inoculating sheep blood
agar (SBA) prepared from dehydrated media (Merck and Co., Inc, P.O. Box 100,
Whitehouse Station, NJ 08889-0100, USA) and incubating for 24 hours at 35-37°C.
Blood agar plates were examined for evidence of haemolysis and the characteristic
pungent smell ofAeromonas Colonies that were consistent with the appearance of
Aeromonasand H. alvei on blood agar were then picked and stained using the Gram
stain procedure. Gram negative colonies were submitted to oxidase and catalase tests
and grown in lysine decarboxylase broth. Colonies that were oxidase negative, catalase
positive and gave a positive lysine decarboxylase test were futher tested. Each suspect
organism was tested for; fermentation of glucose, mannitol and xylose, hydrolysis of O-
nitrophenylf-d-galactopyranoside (ONPG), indole production, @cetproduction,

citrate utilization, production of indolepyruvate and ornithine decarboxylase.

PositiveH. alveisamples were sent to Ministry of Agriculture and Forestry (MAF) for
confirmation of identification by PCR (polymerase chain reacti@glmonellaspecies
were sent to ESR for serotyping by identification of their flagella (H) and somatic (O)

antigens.

3.2.3 Statistical analysis

The test prevalence and true prevalenc8alimonella andiafnia alveion Mana Island

was calculated using the methods described in Chapter Two of this thesis, making the
assumptions that the Salmonella culture was 50% sensitive and 98% specific (Bager and
Petersen 1991) and using confidence intervals of 95%. Due to the rdfityalkias a

cause of disease in both humans and animals there have been no studies into the
sensitivity and specificity of biological tests for this organism. | have therefore
predicted the sensitivity to be 50% and the specificity to be 95% based on results found
by Rodriguez et al (1999) and the similarity of this organism to Salmonella.
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Statistical analysis was applied to data collected to detect the 95% confidence range for
the maximum possible prevalence of Aeromaj@ameron and Baldock 1998) in the
population, given our level of sampling. The software used was the Detection of
Disease component of WinEpiScope 2.0 (Facultad de Veterinaria Zaragoza, Spain;
Wageningen University, The Netherlands; and University of Edinburgh, UK). The
population size of lizards on Mana Island was estimated at 10, 000 individuals.

Chi square analyses were performed on prevalence results between: sites, genus, species
and sex to determine whether significant differences in prevalence existed between

these groups.

Body weights and lengths were analysed using a multiple regression to determine
whether infection with any of the potential pathogens had an adverse effect on body

weight.

3.3 Results

3.3.1 Salmondla

The test prevalence &almonellaexcretionon Mana Island was found to be 5.8%. The
true prevalence was calculated at 8.0% and 95% confidence interval for the true

prevalence was 0 — 17.4%.

Salmonellaexcretion was found predominantly in skini&incidag (P'=10.0%, n=30)
and less often in gecko&¢kkonidak (P'=4.1%, n=73). This difference in prevalence
was not found to be significant’€1.34, DF =1p=0.246). Only three species of lizard
were found to be shedders 8falmonellain this study, two species of skinkC(

macgregori and O. nigriplantajeand one species of geckd. (maculatu.

Lizards were caught and sampled across six sites (Figure Sdlinonellaexcretion

was found in lizards at only three of these sites. No statistically significant difference in
the prevalence oBalmonellawas found across these six sitg$ £ 4.83, DF = 5p=
0.436) (Table 3.2).




88 Chapter Three — Potential pathogens in lizards from Mana Island, New Zealand

Three serovars ddalmonellawere isolated on Mana Island. The serovars were Mana,
and two serovars that were unable to be fully typed but had the designations 6,7:z:- and
48:k:- based on their flagella (H) and somatic (O) antigens. Each of these serovars
belongs toSalmonellasubspecies |.Salmonellawas found in only three of the sites

sampled and each of these sites was host to a different Salmonella serovar (Table 3.2).

The prevalence oBalmonellaexcretion between females'@5.3%, n=38) and males
(6.9%, n=58) was not significantly different?(= 0.105, DF= 1p=0.746). Adults
(6.3%, n-=96) did not have an increased likelihoodSaimonellaexcretion than
juveniles (0.0, n=7)¢ = 0.465, DF = 1, 50.495).

Those lizards that tested positive fdalmonella were not in poorer body condition,
based on their snout-to-vent length and weight measurements, than lizards that were
negative for Salmonella excretion (t = -0.11, n.s.) (Appendix 2).

Table 3.2: Distribution of Salmonella serovars amongst native lizards on Mana Island,
New Zealand

_ Prevalence of _ _ Salmonella No. of lizards
Site Lizard species
Salmonella serovar sampled

C. macgregori{2)
McGregor's Rock 11.1% 6,7 : z:- 27
H. maculatus

Weta Valley 0 Nil 13
House Valley 0 Nil 19
Coastal site 9.1% H. maculatus 48 : k:- 11

_ H. maculatus
South west cliffs 9.5% o Mana 21
O. nigriplantare

Lighthouse site 0 Nil 12
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3.3.2 Hafniaalvei

Hafnia alveiwas found in only two of the 103 samples giving a test prevalence of 1.9%
amongst lizards on Mana Island and the true prevalence was within the range 0 — 2.1%

at the 95% confidence interval. .

H. alveiinfection was not found to have any effect on body weights of lizards when
compared with uninfected lizards using a multiple regression (t = 0.83, n.s.) (Appendix
2).

3.3.3 Aeromonas

No Aeromonasspecies were cultured from any of the cloacal swabs, which suggests
that, at the 95% confidence interval, the maximum prevalenéem@monasamongst

this population is less than 3%.

3.4 Discussion

This study highlights the complex dynamicsS#lmonella carriage among wild lizard
populations. Herpetofauna have often been implicated as transmittSesnodnella,
AeromonasandH. alvei The literature pertaining to the prevalence of these organisms
among reptiles is scant, and the vast majority of reptile species have never been

sampled.

This study found the test prevalence of intestinal carriaggalhonellan wild lizards

on Mana Island, New Zealand to be 5.8%. The true prevalence was calculated as 8.0%.
It might seem counterintuitive that the true prevalence is higher than the test prevalence
but Salmonella cultures have a low sensitivity which we are estimating as 50% (Bager
and Petersen 1991), therefore the calculation allows for the fact that our results will
under-estimate the true prevalence. Some overseas studies have reported considerably
higher rates oSalmonella carriage amongst wild reptiles. Chambers and Hulse (2006),
showed the frequency of isolation from essentially healthy reptiles in Indiana County,

Pennsylvania to be 95.3%. Other studies have found significantly lower prevalence
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rates than this, for example Richards et al (2004) found a zero percent prevalence of
Salmonellaamongst free living reptiles (Richards et al 2004). The prevalence (5.8%) of
Salmonellafound in this study was not significantly higher than the mean test
prevalence (4.7%) o$almonellafound in 703 wild New Zealand lizards in Chapter

Two of this thesis

There has been little research into the prevalencB8atrhonellaamong geckos and
skinks in New Zealand. Serotyp& Hindmarsh, STyphimurium S. Victoria, S.
Saintpaul S. Mississippiand S. Wohlen have been found in New Zealand reptiles,
particularly green geckos (Twentyman 1999), although no extensive surveys have been
conducted. In this study, two of the sampled reptiles, a common skink and a common
gecko, were found to havalmonellaMana. SalmonellaMana is a serovar that was

first isolated from a takahd®@rphyrio mantelli hochstettgrion Mana Island in 1998.

This serovar has since been identified in a lizard on Matiu/Somes Island (Chapter Two)
and a human case was reported at Foxton Beach, New Zealand (unpublished). This
demonstrates the ability of this serovar to cross species barriers and raises the possibility
of a spatial distribution of serovars within New Zealand (Chapter 2). If such a
distribution does exist, this would raise important considerations for the translocation
process. Lizards from Mana Island may have developed immurglioonellaviana

but as demonstrated by the common gecko and skink in this survey, they are still
capable of being asymptomatic carriers of the disease. Translocating lizards to or from
Mana Island or outside of the greater Wellington region may intro@ateonella

Mana to reptiles previously naive to this serovar. The consequences of this are
unknown. The remaining two serovars identified are rarely cultured from humans and
are more commonly identified from cold-blooded animals overseas. They have not

previously been identified in New Zealand.

The threeSalmonellaserovars found in this study all belong to subspecies I. Previous
studies have found th&almonellasubspecies llla and lllb are most commonly isolated
from reptilian sources (Mitchell 2006). In Chapter Two of this thesis | found that most
Salmonellaserovars sourced from New Zealand reptiles belonged to subspecies |I.
Salmonellasubspecies | is also more likely to be associated with human salmonellosis

infection than subspecies llla and llib.
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In Chapter Two of this thesis | found that each of the eight islands surveyed were host
to between one and thr&almonellaserovars which were not found on any other island

in the study. Within Mana Island, | found differedalmonellaserovars at different
sites. SalmonellaMana was found in lizards caught on the south-west cliffs;
Salmonella 6, 7: z: - was found in a common gecko and two McGregor’'s skinks
captured at McGregor's Rock a@hlmonella 48: k: - was found in a common gecko
caught at the coastal site. This study suggestsSidlatonellaserotypes may become
established in an area, with the local reptiles developing immunity to endemic serovars

and become asymptomatic carriers.

The hypothesis, that in most cassmonellaserotypes are only carried by the lizards

and only rarely cause significant disease, is further supported by my findings that
Salmonellacarriage was not correlated with a lower body weight compared with
uninfected individuals in this study. Had tS8almonellaresulted in disease in its host,

we would have expected this to have shown as a reduction in body weight to length.
Previous studies have also found that most herpetofauna are frequently asymptomatic

carriers of Salmonella (Geue and Loschner 2002).

It is important that we gain a basic knowledge of @amonellaserovars present on
islands such as Mana. Like many New Zealand islands Mana Island is a sanctuary for
native bird species as well as reptiles. Introductions of ridaiehonellaserovars to the

island through lizard translocations could have adverse effects on both the bird and
lizard populations. Whilst some serovarsS#lmonellaappear to be highly species
specific, others seem to be more generalist. This has been demonstrated on Mana Island
as both lizards and takahBafphyrio mantelli hochstettdrihave been found to be
carriers of SalmonellaMana. Reptiles infected wittsalmonellaare often non-
symptomatic carriers of the disease. So prospective lizards for translocation may appear
to be physically well and yet be carrying a serovar Saflmonella previously
unrepresented on Mana Island and to which the island population does not have

iImmunity, resulting in disease within the Mana Island natal population.

Hafnia alvei was found at a prevalence of 1.9% in this study. This is the first large scale
study of H. alvei prevalence in New Zealand native lizards. Although, it has been found

amongst free-living tuataréSphenodon punctatu®n Stephens Island, New Zealand
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(Gartrell et al 2007). | suspect that alveiis not of importance in New Zealand lizard
populations due to its low prevalence and a lack of evidence of any adverse effects. H.
alvei is, however, likely to be of limited but not negligible risk to humans and other
wildlife. The gastrointestinal tracts of mammals appear to be a common ecological
niche of Hafniae (Janda and Abbott 2006). On rare occasioalveihas been known

to result in gastroenteritis, septicaemia and urinary infections among humans (Proietti et
al 2004; Janda and Abbott 2006). Immuno-compromised and debilitated hosts are most
at risk (Janda and Abbott 2006).

Hafnia alvei has been isolated from a number of avian species at prevalences of
between 3 — 16% (Janda and Abbott 2006). In most ddseslvei exists as a
commensal organism within the gastrointestinal tract of the birds, however in certain
conditions it can cause significant disease within the birds (Janda and Abbott 2006). In
2004H. alveiwas the cause of multifocal necrotising hepatitis and splenitis of pullets in
Italy (Proietti et al 2004). The risk of this occurring with a wild population of birds
appears to be low since to date their have been no documented cases of wild bird

fatalities due to H. alvei

Hafnia alveiappears to be commensal within New Zealand native lizards on Mana
Island as no reduction in body weight was found when compared with uninfected
individuals. It should be noted however, that the sample sike alfivei carriers in this

study was very small (n=2).

The present study found lower rates Adromonasamongst reptiles than previous
studies (Madsen 1996; Oros et al 2005; Turutoglu et al 20@8)omonasspecies are
common bacteria in aquatic environments (Mader 1996) and the majority of studies in
which Aeromonadhas been identified have looked at essentially aquatic animals, such
as Nile crocodiles Grocodylus niloticup (Turutoglu et al 2005), green anacondas
(Euncectes murin)s(Miller et al 2004) and sea turtle€dretta caretta,Chelonia
myadsand Dermochelys coriacea) (Oros et al 2005). The prevaleng®&eafmonas
among Nile crocodiles has been shown to be as high as 90% (Madsen 1996),
dramatically higher than the 0% prevalence found in the current study. It is possible
that, given the high rates at whigleromonascan be found in rivers, lakes and ponds,

aquatic reptiles are more likely to be exposedAmyomonasand hence are more
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susceptible to becoming carriers of the disease. Future studies should compare the
prevalence ofAeromonasamongst reptiles that complete most of their life cycle in
water versus those that spend most of their lives on laketomonass capable of
causing significant disease in terrestrial reptiles, with symptoms ranging from stomatitis
(mouth infections) to septicemia and bacteraemia, and occasionally resulting in death
(Mader 1996). The absence Akromonasin this survey of 103 healthy reptiles
suggests thaferomonasmay not be a commensal organism amongst New Zealand

native terrestrial reptiles.

Before future translocations are undertaken to Mana Island a number of factors should
be considered. These include the source of the individuals to be translocated and the
serovars ofSalmonellathat have been previously identified on the island, the serovars
of Salmonellafound within the translocated animals, the serovarSabfnonellafound

within the source population and whether any of these serovars are novel to Mana

Island.
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Disease prevalence in endemic New Zealand lizards at captive breeding
facilities

Abstract

This aim of this study was to assess the prevalence of faecal excreatnadnella,
Aeromonasand Hafnia alvei by New Zealand native lizards from two captive bred
populations in the North Island of New Zealand. Ninety-six cloacal swabs were
obtained from lizards at two captive breeding populations. Population A was tested in
its entirety whilst a representative sample of 56 individuals was made from population
B. These samples were cultured specificallySafmonellaH. alvei and Aeromonas
using aerobic enrichment and culture methods. The mean test prevalence of faecal
excretion ofSalmonella in captive lizards sampled was 11.5%. There was a higher
prevalence ofSalmonellawithin captive population A (22.0%) than in population B
(3.6%). Two differenSalmonellaserovars were found within the captive lizards, they
were SalmonellaSaintpaul andSalmonellaMississippi. NoAeromonaswvas cultured

from any of the lizards which suggests that, at the 95% confidence interval the
maximum prevalence oAeromonasis less than 2.0%. H.alvei was found at a
prevalence of 5.2%. The prevalenceHof alvei excretionwithin population A was
found to be 9.8%, whilst within population B a prevalence of 1.8% was found. This
difference was not statistically significant. This study supports other findings which
have found a difference in the prevalenceSaflmonellabetween captive breeding
facilities. Captive populations of lizards should only be used to form or supplement
wild populations if there are no other viable options. Where captive populations are
used as the source of new wild populations wildlife managers should select the source
of these lizards with care.

Keywords: Aeromonasbacteria, captive, disease prevalettafnia alvei, lizard, New
Zealand, reptile, Salmonella.
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4.1 Introduction

Reptiles have been recognised as a sourc8atrhonella andAeromonasfor many

years. Salmonellaand Aeromonasare often found as commensal organisms within
herpetofauna and only rarely result in disease within the host (Cooper and Jackson
1981; Bradley et al 2001; Pfleger et al 2003). When these reptiles are kept as pets or in
captivity however, there is increased opportunity for the transmissiSalofonellato
humans, domestic animals and other reptiles (Bradley et al 2084fnia alveihas

been isolated from a wide range of hosts including mammals, birds, fish and reptiles
however little is known about the pathogenicity of this organism in reptiles (Janda and
Abbott 2006).

Numerous studies have been conducted overseas into the prevale®abnohella
excretionamongst captive reptiles. This is primarily due to the increasing interest in
maintaining exotic reptiles as pets. In the USA, reptiles constitute the fastest growing
sector of the pet market (Mitchell and Shane 2000). The infection rates found in these
studies have varied from 0 to 84.1% (Geue and Loschner 2002; Pfleger et al 2003). The
prevalence oSalmonellaexcretion has also been shown to vary significantly between
captive reptile populations. Geue and Loschner (2002) showed that the prevalence of
Salmonellabetween captive populations varied from 0 - 80%. Many authors have
found that reptiles kept in captivity have much higher prevalence rat8almibnella
excretionwhen compared with free-living reptiles (Otokunefor et al 2003; Awad-
Masalmeh et al 2005; Ebani et al 2005; Nakadai et al 2005; Pasmans et al 2005).

There is some discrepancy between authors as to whether there is an increased risk of
horizontal transmission dbalmonellabetween all members of the population once a
single individual is infected. Geue and Loschner (2002) found that identical serotypes,
plasmid profiles and genotypes were isolated from different reptiles belonging to the
same owner. In contrast, reptiles living together in one terrarium have been found to
excreteSalmonella of different serotypes (Pfleger et al 2003). In both studies, some
animals failed to show angalmonellaexcretion although they were living together

with Salmonella excreting animals (Pfleger et al 2003).
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Free-living and captive reptiles are often symptomless carrieBalofionellaspecies.

This may indicate that the bacterium exists as a commensal flora in the animal’'s gut
(Sanyal et al 1997). A single reptile may be host to several diff&aimonella
serovars and an intermittent shedder of the bacterium (Sanyal et al 1997; Gopee et al
2000; Bradley et al 2001). Pfleger et al (2003) observed continuous excretion of
Salmonellawas never found in their study of captive reptiles and amphibians. Stress,
which may result from overcrowding, water deprivation and changes in diet or
excessive heat exposure, can result in increased faecal shedding. This is thought to be a
direct result of changes in the normal intestinal flora of the gut (Quinn et al 1994;
Richards et al 2004). It is for this reason that captive reptiles are thought to excrete

Salmonella more often than free-living reptiles.

Salmonella entericasubspecies I, llla, llib, IV and VI are known to be mainly
associated with cold-blooded animals (Sanyal et al 1997; Baumler et al 1998; Mitchell
2006), whilst members of subspecies | are most frequently isolated from avian and
mammalian hosts (Baumler et al 1998). Despite this, serovars belonging to subspecies |
are often the most commonly isolated serovars from many captive collections (Geue and
Loschner 2002; Pfleger et al 2003).

Aeromonashas been isolated from clinically healthy reptiles overseas but is also
associated with septicaemic disease and mouth infections (Cooper and Jackson 1981;
Mader 1996; Twentyman 1999). Very rarely this organism is also associated with

human infections (Quinn et al 1994).

Hafnia alveihas been isolated from a wide range of hosts including mammals, birds,
fish and reptiles as well as in environments such as sewage, food and soil (Janda and
Abbott 2006). Little is known aboutl. alvei and the role it plays in human and
veterinary medicine (Rodriguez et al 1999; Janda and Abbott 2BG06lvei has been

found amongst tuataraSphenodon punctatusin New Zealand, however no
comprehensive study of its prevalence in endemic lizards has been conducted (Gartrell
et al 2007).
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All New Zealand native lizard species have ‘absolute protection’ under the Wildlife Act
1953. This means that no native lizard may be collected from the wild, or handled or
disturbed in any way without written authority from the Department of Conservation
(DoC) and local iwi. All native lizard keepers in New Zealand must therefore hold a
permit from DoC and their only legitimate source of lizards is to obtain them from
another captive breeder. There are strict protocols in place for native lizard breeders in
New Zealand. In general, only the less threatened species may be kept in captivity,
however rarer species may be held if the breeding contributes to an approved

conservation programme.

This study aims to assess the risk involved in translocating captive bred lizards back
into the wild, by assessing the prevalenceSaimonella,H. alvei and Aeromonas

amongst two populations of captive reptiles in the North Island of New Zealand.

4.2 Materials and Methods

All procedures involving the use of animals were approved by the Massey University
Animal Ethics Committee (MUAEC 07/31), Palmerston North, New Zealand.

Two populations of lizards were sourced from two captive breeding facilities in the
lower North Island of New Zealand. In order to preserve the privacy of the reptile
collection owners these two collections are referred to simply as population A and
population B. All 41 individuals were sampled from captive population A and a
representative sample of 55 individuals from approximately 200 individuals was taken
from captive population B. Information gathered and recorded for each individual
included: species, weight, snout-vent length (SVL) and gender. An estimate of age was

also recorded.

Electronic scales with an accuracy of £0.01g were used to weigh the captive reptiles
(Figure 4.1). Snout-to-vent length measurements were obtained to an accuracy of

+0.5mm.

Small cotton Minitip swabs were used to obtain a cloacal sample (Figure 4.2). These
were inserted into the cloaca and twisted several times before being placed into

polypropylene tubes containing Aimes agar gel with charcoal (Copan Diagnostics Inc,
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2175 Sampson Ave, Suite 124, Corona, CA 92879, USA) and stored on ice for up to
five hours until returning to the lab in the evening. At the lab, swabs were stored at 4°C

for up to 48 hours before inoculating an enrichment broth.

R o

Figure 4.2: Minitip swabs used for obtaining cloacal samples
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The swabs were used to inoculate sheep blood agar plates (SBA) prepared from
dehydrated media (Merck and Co. Inc, PO Box 100, Whitehouse Station, NJ-08889-
0100, USA) and selenite broths (Fort Richard Laboratories, 12 Huia Rd, Otahuhu,
Auckland, NZ) which were then incubated overnight in normal atmosphere at 35-37°C.
The selenite broths were used to inoculate xylose lysine deoxycholate (XLD) plates
(Fort Richard Laboratories) which were incubated in normal atmosphere at 3®87°C

a further 24 hours. Colonies that were suspected 8almonella on XLD were used to
inoculate triple sugar iron (TSI) agar slopes, urea slopes and lysine decarboxylase tubes
(Fort Richard Laboratories). The biochemical tests used to id&dlfyonellaspecies

are explained in detail in Chapter Two of this thesis. This protocol was used unchanged

in this study.

Blood agar plates were examined for evidence of haemolysis and the characteristic
pungent smell ofAeromonascolonies. Colonies that were consistent with the
appearance dheromonasandH. alveion blood agar were picked and stained using the
Gram stain procedure (Quinn et al 1994). Gram negative colonies were submitted to
oxidase and catalase tests and grown in lysine decarboxylase broth. Colonies that were
oxidase negative, catalase positive and gave a positive lysine decarboxylase test were
further tested. Each suspected organism was tested for; fermentation of glucose,
mannitol and xylose, hydrolysis of O-nitropheffly-galactopyranoside (ONPG),
indole production, acetoin production, citrate utilization, production of indolepyruvate
and ornithine decarboxylase.Aeromonas H. alvei and Salmonellaspecies were

identified based on the results of these tests.

PositiveH. alveisamples were sent to the Ministry of Agriculture and Forestry (MAF)
for confirmation of identification by polymerase chain reaction (PCBalmonella
species were sent to ESR for serotyping through identification of the O (somatic) and

flagella (H) antigens.
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4.2.1 Statistical analyses

The test prevalence and true prevalencé&alimonellaand H. alvei in each captive
population was calculated using the methods described in Chapter Two of this thesis,
and making the assumptions that ®&monellaculture was 50% sensitive and 98%
specific (Bager and Petersen 1991) and using confidence intervals of 95%. Due to the
rarity of H. alveias a cause of disease in both humans and animals, there have been no
studies into the sensitivity and specificity of biological tests for this organism. We have
therefore predicted the sensitivity to be 50% and the specificity to be 95% based on the
results found by Rodriguez et al (1999) and the similarity of this organism to

Salmonella.

Statistical analysis was applied to the data collected to detect the 95% confidence range
for the maximum possible prevalence AdromonagCameron and Baldock 1998) in

the population, given our level of sampling. The software used was the Detection of

Disease component of WinEpiScope 2.0 (Facultad de Veterinaria Zaragoza, Spain,

Wageningen University, The Netherlands, and University of Edinburgh, UK).

A chi-square test was applied to the data to determine statistical significance in the
Salmonellagprevalence between populations and between families. A power analysis of
length versus weight was conducted in order to determine if there was any effect of
Salmonellainfection on body weight. Only members of the geiNailtinus were

included in the regression as this was the only genus in which | found any Salmonella or

H. alvei excretion.

4.3 Results

4.3.1 Salmondlla

The mean prevalence &almonellaexcretion between the two captive populations
(n=96) was found to be 11.5%. The true prevalence was calculated at 19.79% with a
95% confidence interval of 6.5-33.0%.

Nine of the 41 individuals (®22%) in captive population A were positive for
Salmonella excretion. The true prevalenceSafmonellawithin this population was
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determined to be 41.7% and between 15.2 — 68.0% at the 95% confidence interval. In
contrast only two of the 55 lizards sampled at population B were positive for Salmonella
excretion. The true prevalence was calculated to be between 0 - 13.4% at the 95%
The difference 8almonellaexcretion between lizards in these

two populations was found to be significagf(7.77, DF = 1, p0.005).

confidence interval.

Table 4.1:Lizard species sampled in population A and the percentage prevalence of H.

alvei and Salmonella within species

Percentage Percentage No of
prevalence prevalence of reptiles
Reptile Taxonomy of H. alvei Salmonella sampled
Population A
Gekkonidae % %

Hoplodactylus chrysosireticus 0.0 0.0 2
Hoplodactylus granulatus 0.0 0.0 2
Naultinus elegans elegans 0.0 44.4 9

Naultinus grayii 20.0 20.0 5
Naultinus rudis 14.3 28.6 14
Naultinus stellatus 0.0 0.0 9
Total 9.80% 22.00% 41

Table 4.2: Lizard species sampled in population B and the percentage prevalence of H.

alvei and Salmonella within species

Percentage Percentage Number of
prevalence prevalence of reptiles
Reptile Taxonomy of H. alvei Salmonella sampled
Population B
Gekkonidae % %
Hoplodactylus duvaucelii 0 0 3
Hoplodactylus granulatus 0 0 3
Hoplodactylus maculatus 0 0 16
Hoplodactylus pacificus 0 0 2
Naultinus elegans elegans 0 11.1 9
Naultinus grayii 111 0 9
Naultinus rudis 0 0 3
Naultinus stellatus 0 16.7 6
Scincidae
Cyclodina macgregori 0 0 2
Oligosoma microlepis 0 0 1
Oligosoma waimatense 0 0 1
Total 1.80% 3.60% 55
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All the samples found to be positive f@almonellaoriginated from individuals
belonging to the genuNaultinus,the diurnal green geckos (Figure 4.3). Inclusive of
both populations | sampled 92 geck&ekkonidag and only four skinksScincidag
(Tables 4.1 and 4.2). There was insufficient data to make any conclusions about the
likely prevalence ofSalmonellabetween these families. However, within the family
Gekkonidags4 members of the gendaultinuswere sample@nd 28 members of the
genus Hoplodactylus Eleven members of th&laultinus genus tested positive
(P'=15.6%) in contrast to none of thivplodactylusspecies. Within these two captive
populationsNaultinus geckos were found to have significantly higher prevalences of
Salmonellaexcretion tharHoplodactylusgeckos at the 95% confidence intervel £
5.47, DF = 1, p0.019).

Figure 4.3: Naultinus elegansne of the only species found positive for Salmonella in

this study

Infection with Salmonella did not result in any significant weight loss, as there was no
correlation between weight and Salmonella infection (t= 0.44, n.s) (appendix 3). If
significant, persistent illness was present in the individual we would expect this to be

evident as a reduced body condition in comparison with unaffected healthy individuals.
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Between both populations a total of 62 females, 32 males and two three day old
juveniles (which were not sexed were tested). Of these, five femdte8.1), four
males (P=12.5%) and two juveniles {P100.0%) were found to be positive for
Salmonellaexcretion. Males did not have a significantly higher prevalence than
females ofSalmonellaexcretion when tested with a chi-square analysis at the 95%
confidence intervahf = 0.480, DF = 1p=0.489). The sample size of juveniles was too
small to determine whether juvenile lizards were more likely to be shedders of

Salmonella than adults.

Only two Salmonella serovars were isolated between these populations. Both
individuals found to haveSalmonellain population B were carryingsalmonella
Saintpaul, a serovar belonging $@aimonella entericgubspecies 1.S. Saintpaulwas
also isolated from a single individual in population A, a fenilegrayii. All other
individuals sheddingsalmonella at population A were found to ha&veMississippi,

which is also a member of Salmonella enterica subspecies I.

4.3.2 Aeromonas

No Aeromonasvas detected in any of the 96 samples taken. Given that all members of
captive population A were sampled the prevalenckesbmonags zero. All of the 55
individuals sampled in population B tested negative. Given this level of sampling, at the

95% level of confidence the prevalence of Aeromong®pulation B is less than 2.0%.

4.3.3 Hafnia alve

The mean test prevalence of faecal excretioH.adlvei within the 96 reptiles sampled
was 5.2% and the true prevalence was in the range 0 — 15.9% at the 95% confidence
interval (Tables 4.1 and 4.2).

Hafnia alveiwas isolated from four out of the 41T@®.8%) animals sampled at
population A which we tested in its entirety. The true prevalen¢¢ afveiinfection

in this population was 10.6% and the 95% confidence interval is between 0 — 30.8%. A
single lizard (P=1.8%) was found to be sheddihig alveiat population B and the true
prevalence was within the range 0 — 14.9% at the 95% confidence level. Population A
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did not have significantly higher prevalenceS&Imonellaexcretion than population B
at the 95% confidence intervaf = 3.00, DF = 1p<0.083).

The difference irH. alvei excretion betweeiNaultinusgeckos (P=7.8%, n=64) and
Hoplodactylusgeckos (P=0.0, n=28) was not found to be significant when tested with
a chi square analysig’€2.31, DF = 1, p0.128).

Infection with H. alvei does not appear to be correlated with a decrease in body

condition (t = 0.67, n.s) (appendix 3).

4.4 Discussion

Previous studies of reptile collections overseas have found that the prevalence of
Salmonellacan vary greatly between collections, with some facilities having prevalence
as high as 80% and others without &almonellaexcretion at all (Geue and Loschner
2002). In the present study we found a 22% prevalence amongst lizards at population A
and only 3.6% prevalence at population B. There are a number of possible explanations
for the variance seen Balmonellaprevalence between reptile collections. Firstly, we
must remember thgbalmonellais only intermittently shed from the gastrointestinal
tract, often as a result of stress (Richards et al 2004). Future studies should consider
repeated sampling to check whether the prevalen&alofionellawithin population B
remains at this low level. The present study was conducted during the relatively warm
months of March—April; sampling during winter when the weather is colder and the
lizards are likely to be more stressed may give a different result. The difference in
prevalence between these breeders is significant and they were both sampled within a
fortnight of each other, so we would expect that they would both be experiencing

similar levels of seasonal stress.

Another possible explanation for the differences in prevalence between these two
populations is husbandry. Transmission between captive reptiles could occur via a
faecal-oral route due to poor hygiene, direct transmission from humans or consumption
of contaminated food (Richards et al 2004). Captive reptiles are often kept in very close
contact in cages where they share food and water bowls, and where there is frequently

more than one species that may not naturally come into direct contact with each other.
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Owners often handle many individuals in succession without washing their hands, and
in general little separates cages other than wire mesh. It is therefore likely, given the
environmental stability oSalmonellathat once it has entered a captive population it

will spread rapidly throughout it. Whilst this appears to have been the case for captive
population A, the same cannot be said for population B. Individuals in population B
were also more physically separated, with space between each cage rather than just wire
mesh separating cages. Perhaps more significantly the individuals in population B were
handled less by the owner, therefore reducing the likelihood of nosoc®atimbnella

transfer between individuals.

An outbreak ofS. Mississippiwithin captive population A approximately three months
prior to this survey had resulted in the death of a number of geckos. Interestingly, we
have foundS. Mississippiin two six week oldN. elegans eleganborn after the
outbreak had apparently ceased to result in fatality. Reptiles may become infected with
Salmonella before birth while in the ovary, oviduct or cloaca (Mermin et al 2004;
Richards et al 2004), alternatively the lizard may have become infected after birth via
contact with infected faeces. This highlights the potentialSEimonellaserovars to
cause significant disease in reptiles which have not had an opportunity to develop
immunity. S.Mississippiresulted in significant illness amongst a number of individuals

in this population. The period of illness and fatality occurred over a very short space of
time. This suggests th&. Mississippiwas introduced to this population which had
previously been naive to it. Those individuals that survived the initial infection
developed immunity to this serovar and some were non-symptomatic carriers of the
bacteria. The juveniles may have been exposed to a very low number of this bacterium,
either prior to birth or after enabling it to develop immunity. Research by Connolly et
al (2006) showed that the clinical signs demonstrated by sparrows experimentally
inoculated with Salmonella were dose dependent.

Within these captive populations only t@almonellaserovars were found&. Saintpaul

and S. Mississippi. The two individuals sheddir8almonellain population B were
shedders ofS. Saintpaul. S. Mississippiwas a much more common isolate within
population A whereaS. Saintpaulwvas isolated from a single femaie grayii. Reptile
breeders in New Zealand frequently sell and swap lizards in order to maintain their

populations at a manageable size and in order to help prevent inbreeding depression.
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These exchanges are often made without any prior health screening of the individual
which could result in a spread 8almonellaserovars between populations. This may
explain the presence @&. Saintpaulamongst both populations. A comprehensive
survey of all the reptile breeders in New Zealand is advisable in order to determine
whether this constant exchange has resulted in a pdsalaionellaserovars that are

found commonly amongst all breeders.

Salmonellaserovars Saintpaudnd Mississippi belong toSalmonellasubspecies |
(Centers for Disease Control and Prevention 2007). They are also common pathogens
of humans. During 200&BalmonellaMississippicomposed approximately 1% of the
reported Salmonellaisolates from human sources in New Zealand (Environmental
Science and Research 2008). During the same peBalinonellaSaintpaul was
responsible for approximately 2% of reported cases (Environmental Science and
Research 2008)SalmonellaMississippi is an uncommon serotype in many parts of the
world. It accounts for 1% of reported salmonellosis infections in the USA (Ashbolt and
Kirk 2006). However, amongst residence of Tasmania, Australia the inciderg&e of
Mississippi infection is considerably higher than this. A recent study by Ashbolt and
Kirk (2006) found that wildlife were acting as a reservoiSoMississippiin Tasmania

and direct contact with wildlife was not required in order to contract the disease. This
highlights the potential importance of lizards as a sour&atrhonellan New Zealand,

both to humans and other wildlife.

Members ofSalmonella entericgubspecies I, llla, lllb and IV are frequently isolated
from reptilian sources (Sanyal et al 1997; Baumler et al 1998; Mitchell and Shane
2000). Serovars belonging to subspecies | are more commonly isolated from
homeothermic species (Baumler et al 1998). In the two populations surveyed in this
study onlySalmonellaserotypes belonging to subspecies | were isolated. Subspecies |
serovars are often isolated more frequently than other subspecies in captive populations
(Geue and Loschner 2002; Pfleger et al 2003). Captive reptiles may be more exposed to
subspecies | serovars due to their increased contact with humans and their mammalian
pets. However, in Chapter Two of this thesis we foBatinonella entericaubspecies

| were most commonly isolated from native wild reptiles in NZ also.
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In this study, onlygeckos belonging to the genusaultinus were shedders of
Salmonella. This is quite different to the result | obtained when sampling wild New
Zealand lizards (Chapter 2). When studying wild lizards from offshore islands of New
Zealand, we found that only geckos belonging to the geétoslodactyluswere
shedders oBalmonella. However, we were unable to obtain a large enough sample of
wild Naultinusgeckos to determine whether this was statistically significant (Chapter
2). In the present studijaultinusgeckos were far more abundant within the captive
populations thanHoplodactylusspecies. Thus, it is possible, that infection with

Salmonella is correlated with density. More research is required in order to verify this.

No previous systematic studies®dlmonellaamongst captive or free-living geckos and
skinks have been conducted in New Zealand. However, there have been reported cases
of Salmonellaamongst New Zealand native lizards and these have often occurred in the
green geckosNaultinug (Twentyman 1999). In Chapter Two of this thesis | found that
skinks were far more likely to be carriers@dimonellathan geckos. Only four skinks

were available in this study so | am unable to make any conclusions about whether this

would also be the case in captivity.

Infection with Salmonelladid not appear to be having an adverse effect on health of
lizards in this study. If thé&salmonellainfection had resulted in disease the lizards
should have suffered some weight loss, thereby giving a smaller weight: length ratio
than uninfected individuals, this was not found to be the case (appendix 1). This
suggests thabalmonellanfection within these lizards is non-symptomattgalmonella

is commonly isolated from both reptiles and amphibians that show no symptoms of
illness (Pfleger et al 2003).

In Chapter Two of this thesis the prevalenceSatmonellawas tested amongst 703
wild, free-living individuals. It was found that 4.5% of all wild individuals tested were
Salmonellashedders. This is significantly lower than the 11.3% of captive reptiles
found to be positive foiSalmonellaexcretion §°=6.7, p<0.0123, DF=1). | would
therefore advise that captive reptiles may not form an appropriate source of individuals
for release into the wild. Where it is essential to use these reptiles to form wild
populations the captive facility should be chosen carefully and extensive and repeated

disease screening should be conducted prior to release into the wild.
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There is also a difference in the prevalencel oflveibetween breeders. 9.8 percent of
population A was positive fdd. alveiin contrast to 1.8% of population B. The causes

for the differences in prevalence between breeders are likely to be the same as those for
Salmonella. The mean prevalencetbfalveiin the captive reptiles sampled in this
study was 5.2%. In Chapter Three of this thesis we sampled 103 wild lizards on Mana
Island forH. alveiexcretion. The mean prevalencetbfalveiamongst wild reptiles on

Mana Island was 1.9%. The prevalenceHofalvei amongst captive New Zealand
lizards is not significantly higher than that amongst wild endemic lizafds 0.474,

DF =1, p<0.491).

Little is known about the importance Hdf alveiin veterinary or human medicine. We

do not know if infection with this disease has any effect on repthesalveiinfection

of birds, however, is known to result in loss of appetite, decreased egg productivity,
catarrhal enteritis, and fulminant septicemia (Janda and Abbott 2006). These results of
this study and those of Chapter Three indicate khatlveiis most likely a commensal
organism of reptiles with no known significant to reptile populations. However, it is of

limited but not negligible risk to humans and other wildlife.

The results from this study are consistent with the results we obtained in Chapter Three
of this thesis which found a 0% prevalenceAefomonasamongst wild New Zealand
lizards. Previous studies of reptiles overseas have found prevalentesonfonasas

high as 90% (Madsen 1996; Oros et al 2005; Turutoglu et al 2005). As was discussed
in Chapter 3 of this thesisAeromonasspecies are common bacteria in aquatic
environments (Mader 1996) and the majority of studies in wAmtomonashas been
identified have looked at essentially aquatic animals such as Nile crocodiles
(Crocodylus niloticups (Turutoglu et al 2005), green anacondgsincectes murinys
(Miller et al 2004) and sea turtle€dretta caretta,Chelonia myadsDermochelys
coriacea@ (Oros et al 2005). Captive bred lizards are unlikely to have contact with
such infected water since their drinking supply is generally chlorinated water from the
household tap (personal observation). Since | also founlenomonasamongst the

103 wild lizards caught on Mana Island (Chapter Three) nor in this study of 96 captive
lizards, it would be fair to assume that New Zealand lizards are less at risk of infection
with Aeromonaglue to their terrestrial and often arboreal lifestyle. Given the high rates

at whichAeromonascan be found in rivers, lakes and ponds, aquatic reptiles are more




114 Chapter Four — Disease prevalence amongst captive lizards

likely to be exposed tderomonasand hence are more susceptible to becoming carriers

of the disease.

Hafnia alvei and Salmonella species are known to cause significant disease in immuno-
compromised human individuals. Disease symptoms include gastroenteritis, urinary
infections and septicaemia. It would therefore be advisable that children, pregnant
women and immuno-compromised individuals limit their contact with reptiles in order

to prevent transmission of the disease. Lizard handlers and keepers should also be made
aware of the risks and follow appropriate hygiene practices in order to limit the spread

of disease.

Both Salmonella and H. alvei were found at prevalence rates significant enough to cause
concern within captive populations.Salmonellawas found at prevalence rates
significantly higher within captive populations than in wild populations. For this
reason, captive populations of lizards should only be used to form or supplement wild
populations if there are no other viable options. Where captive populations are used as
the source of new wild populations, wildlife managers should select the source of these
lizards with care, as the prevalence of disease appears to vary between breeders.

Disease screening should also be an essential part of any such translocation.

In both of these captive collectiorfsalmonellaand H. alvei were only found in
Naultinusgeckos. Reptile owners should therefore be careful about mixing species in
their collections. Where possible, species should be separated into their own cages or at
the very least cages should only contain individuals of the same genus. Handling of
lizards should also be limited in order to prevent nosocomial transmission of Salmonella
and H. alvei between lizards in a collection. SincBalmonella is highly
environmentally stable | would suggest that lizard cages should be physically separated
rather than being separated only by wire mesh. This would help to prevent the spread of

Salmonella between reptiles in different cages.

More research is required in order to determine whether the constant movement of
reptiles between captive collections has resulted in a common pddalofonella
serovars which are found in all collections. Our research suggests that this may not be

the case however, sin& Mississippi was found in lizards in captive population A but
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not population B. In order to prevent the spreadSafmonellaserovars between
populations | would advise that all lizards which are moved between populations should

be screened for Salmonella and H. ajl#éor to movement.
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Microbiological isolation of Salmonella from New Zealand
Herpetofauna

Abstract

This study assesses the efficacy of different isolation procedures used to detect six
Salmonellaserovars commonly found in New Zealand endemic reptiles. The aim of
this study was to assess the efficiencies of two media and two temperatures for the
isolation of Salmonellaserovars obtained from New Zealand endemic reptiles. Seven
hundred and three cloacal swabs obtained from lizards on New Zealand’s offshore
islands were tested on XLD and MacConkey agar and incubated at 27°C and 37°C. For
10 of the 11 serovars detected, 37°C was the more reliable incubation temperature. The
exception wasSalmonellaSaintpaul, which was isolated better at 27°C than 37°C.
XLD was a more effective media than MacConkey for all serovars except Mississippi
and Saintpaul. Mississippi was isolated most effectively from MacConkey agar
incubated at 37°C whils$almonellaSaintpaul showed no preference for MacConkey or
XLD agar. For all serovars isolated in this survey the choice of media appeared to be

more important than temperature.

Six of the Salmonellaserovars obtained in the survey of native lizards were further
tested by inoculating both XLD and MacConkey agar with a 10uL suspension of known
concentration. Each serovar was tested ten times with each method over a period of five
days. Incubation temperature had no effect on the growth of these serovars, however
XLD agar was found to be the more effective media for isolation of all six serovars.
The colony counts for five out of the six serovars tested decreased gradually from days
1 to 5 of the experiment indicating that time from sampling may be a factor in the
isolation of Salmonella serovars from reptilian sources.

Keywords: Incubation, isolation, lizard, MacConkey, New Zealand, regii&monella,

Squamate, temperature, XLD,




122Chapter Five — Microbiological isolation of Salmonella from Herpetofauna

5.1 Introduction

The process of isolatingsalmonellafrom reptiles is prone to failure. Because
Salmonellaare shed only intermittently from most reptiles, it is often impossible to
detect the presence of the disease in a carrier (Richards et al 2004). Even if one does
sample &almonellacarrier that is shedding at the time of sampl®almonella may be

lost during culture (Busse 1995). Salmonellais present as a major component of the
sample therBalmonellamay dominate the flora of the enrichment broth. When this is
the case, then the chances of isolating and fin@iabnmonellaare improved greatly
(Fricker 1987; Busse 1995). $almonellaorganism numbers are low, they may be out
competed in the enrichment broth and the probability of successful detection is greatly
reduced (Fricker 1987; Busse 1995). This is when the choice of enrichment broth and
plating media becomes important (Busse 1995). The aim of this study is to test
different methods of identifyin§almonellan New Zealand reptiles to determine which

method/s are most effective.

Bacteria are seldom uniformly dispersed within an individual, and gastro-intestinal
shedding ofSalmonellais often intermittent (Fricker 1987). For this reason, repeat
samplings and larger sample sizes are frequently beneficial when s&akimgnella in

faeces. The presence®&lmonellan a sample does not necessarily guarantee that one
will find Salmonellafollowing microbiological isolation. Some healthy bacterial cells

are often killed when added to selective culture media. Hence, if the bacteria are
present in low numbers within the sample, this may result in the deathSaflimibnella
organisms present. Furthermore, bacterial cells which have been damaged due to
environmental stress are more sensitive to selective agents than undamaged cells, and

hence the likelihood of culturing these organisms is further reduced (Fricker 1987).

A number of steps are usually required for the detection of bacteria from reptile, bird,
mammalian or environmental sources:

» Enrichment culture in a liquid medium

» Isolation as individual colonies on a selective solid medium

» Confirmation of the identity of the organism using morphological,

biochemical and physiological tests
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There are a range of microbiological isolation methods which can be used for the
identification ofSalmonellafrom a reptilian source. Following an enrichment step, the
inoculated enrichment broth is plated onto a selective agar. The most commonly used
selective agars for isolation 8almonellafrom reptiles are MacConkey agar and XLD
agar (Quinn et al 1994). Selective agars can affect the recovery of Gataionella
serotypes (Chau and Leung 1978). XLD agar has been used successfully in the
isolation of Salmonellafrom chelonians and squamates (Mitchell 2006). Chau and
Leung (1978) found that the range of human pathogenic serotypes tested in their study
grew better on MacConkey agar than XLD agar, although XLD agar was better at
inhibiting the growth of many other Gram-negative intestinal bacteria.

During the microbiological isolation ddalmonellathe sample is typically incubated
twice, once after the enrichment step and again after plating onto selective agars. Each
of these incubation steps generally last 24 hours (Quinn et al 1994). Incubation of
Salmonellais normally conducted at 37°C. This is in order to mimic as closely as
possible the body temperature of a typical homeotherm. The body temperatures of New
Zealand lizards are generally much lower because they are poikilotherms and the
climate is cool. The preferred body temperatures of common gekkasdculatu¥

and McCann’s skinks@. maccanni are 23.911.2°C and 24.5+1.8°C respectively
(Besson and Cree 2007).

In recent years, there has been a substantial amount of research into the effect of
temperature for the isolation dbalmonella. The majority of this research has
considered the elevation of temperature from 37°C to 4€&lson et al 1967; Van
Schothorst et al 1977). Many of these studies have found that there is an increase in the
number ofSalmonellaisolations from foods and faeces when incubation temperature is
increased (Harvey and Price 1968; Carlson and Snoeyenbos 1972; Van Schothorst et al
1977). Other studies have found that soS@monellaserotypes are not able to

reproduce at 43°C (Carlson and Snoeyenbos 1974).

No previous studies have considered the effects of lowering the incubation temperature
of Salmonellasamples from reptilian sources to mimic more closely the average body

temperature of lizards, which is said to range from 18°C to 32°C (Mader 1996).
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This study aims to:
» determine if XLD agar or MacConkey agar differ in the efficacy with which
they isolate Salmonella serotypes from New Zealand lizards.
» assess whether identification ®&lmonellaserovars isolated from New Zealand

endemic lizards is more easily achieved at 27°C or 37°C.

5.2 Methods
5.2.1 Survey

Each of the 703 cloacal swabs reported on in Chapter Two of this thesis were tested
using each of the two media xylose lysine deoxycholate (XLD, Fort Richard
Laboratories, Otahuhu, Auckland, NZ) and MacConkey agar (MC, Fort Richard
Laboratories) and incubated at 27°C and 37°C. Positive samples obtained using each of

these four methods were recorded.

5.2.2 Experiment

Six of theSalmonellaserovars obtained from native lizards reported in Chapter Two of
this thesis were further tested. All serovars were isolated from cloacal samples and
stored in glycerol broths at -80°C after their isolation. The serovars used were
Salmonella Bousso, Infantis, Mississippi, Warragul, and Mana fr@almonella

subspecies |, and 43:z4,z23:- from Salmonella subspecies IV.

The isolation of each of the six serovars was tested using MacConkey agar (MC) and

xylose lysine deoxycholate agar (XLD).

Overnight broth cultures of six of ttf#almonellaserovars were diluted in sterile saline.
Serial dilutions were then made and 10uL of each was plated onto sheep blood agar
(SBA) prepared from dehydrated media (Merck and Co., Inc, P.O. Box 100,
Whitehouse Station, NJ 08889-0100, USA). Five replicates of each dilution were plated
for all serovars. The plates were then incubated for 24 hours at 37°C. The colonies on
these plates were counted and for each serovar the dilution that resulted in between 80
and 120 colony forming units (CFUs) per 10uL was selected for use in the following

experiment.
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Ten microlitres of the diluted bacterial suspension was used to inoculate the surface of
XLD or MC agar and distributed homogenously around the surface of the plate using a

sterilised glass spreader. Each serovar was tested on both XLD and MacConkey agar
and at 37°C and 27°C. Ten replicates of each combination were made over five days
with two experimental sessions run each day. All possible replicates were tested in each
session; however the order that each replicate was tested was allocated randomly.

After incubation for 24 hours, the number of colony forming units on each plate was

counted and recorded.

5.2.3 Statistical analysis

An analysis of variance was performed comparing colony counts with media,
temperature and day, to determine whether the numbers of colonies formed were
affected by any of the above variables. Results were analysed using one- and two-way
ANOVAs on SAS 9.1.3 (SAS Institute Inc, 100 SAS Campus Drive, Cary, NC 27513-
2414, USA).

5.3 Results
5.3.1 Survey
Each of the 703 cloacal samples obtained from lizards as described in Chapter Two of

this thesis were tested using the four methods described. A total of 11 serovars were

found.
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Table 5.1: Number of samples found to be positive when tested using each of the four

microbiological methods

Percentage of positive samples found using the given
methods
Serovar 37°C | 27°C 37°C 27°C Number of
XLD XLD MacConkey MacConkey ig(iir\{iiggzlrsovgsg
Bousso 90.9 18.2 545 36.4| 11
Mississippi 50.0 50.0 100.0 50.0| 2
IV 43:24,723:- 60.0 60.0 40.0 20.0| 5
Warragul 100.0 66.7 33.3 33.3|3
Infantis 100.0 100.0 100.0 100.0| 1
Mana 100.0 0.0 50.0 0.0|2
6,7:z:- 100.0 100.0 100.0 50.0| 2
48:k:- 100.0 100.0 100.0 100.0( 2
Saintpaul 50.0 100.0 50.0 100.0( 2
Typhimurium 100.0 100.0 100.0 50.0( 2
4,12:-:1,2 100.d 0.0 100.0 100.0| 1

For serovars Bousso and subspecies IV 43:z4,z23:- no technique detected 100% of
Salmonellapresent. These serovars also had the largest sample sizes. For all other
serovars at least one of the four techniques tested resulted in 100% Salmolatitan.

Table 5.1 shows that for most serovars isolated in this study 37°C was the more reliable
incubation temperature. This was not the caseSEmonellaSaintpaul which was
isolated better at 27°C than 37°C, although this was not a significant result. XLD was a
more effective media than MacConkey for all serovars except Mississippi and Saintpaul
and 4,12:-:1,2. Mississippi was isolated most effectively from MacConkey agar
incubated at 37°C whilsalmonellaSaintpaul showed no preference for MacConkey or
XLD agar.

For most serovars detection of Salmonella was more affected by the choice of media
than by the choice of temperature The exceptions were serovars Mana, Saintpaul and
4,12:-:1,2.
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5.3.2 Experiment

| began this experiment with cell cultures containing between 80 and 120 colonies per
10uL. The general linear model detected a significant serovar effect. Despite having
started with fairly uniform concentrations, the mean CFUs obtained for each serovar
were markedly different (Table 5.2). The highest mean CFU count was obtained by
serovar Bousso (148.8) and the lowest was obtained from serovar 43:z432&war
Bousso and Mississippi had mean CFU counts higher than the concentrations prepared
during the methods. Serovars Mana and IV 43:z4,z23:- had mean CFU counts lower

than the concentrations prepared in the methods.

Table 5.2: Mean CFUs for six reptile-associagmimonella serovars

Serovar Mean CFUs

Bousso 148.8
Infantis 94.5
Mana 63.8
Mississipp 122.0
Warragul 118.2
IV 43:24,223:- 41.4

Temperature was not found to affect the growth of any of the serovars in this
experiment (fg=0.457,p=0.501). The overall mean CFUs at 27°C was 99.45 and
96.86 at 37°C. Different serovars were, however, found to behave differently at
different temperatures £y = 3.692,p= 0.004). Most serovars had a slight drop in
CFUs from 27°C to 37°C. In contrast the mean CFUs for Mississippi increased slightly
from 27°C to 37°C. The mean CFUs for Mana and Warragul remained similar at both
27°C and 37°C (Table 5.3).




128Chapter Five — Microbiological isolation of Salmonella from Herpetofauna

Table 5.3: Mean CFUs growth at 27°C and 37°C

Serovar Mean CFUs Mean CFUs
27°C 37°C

Bousso 157.6 140.1
Infantis 108.4 80.7
Mana 64.1 63.6
Mississippi 117.9 126.2
Warragul 118.7 117.8
IV 43:24,723:- 30.0 52.9

The medium used had a very significant effect on the number of colony forming units
produced (fs=400.31,p=0.000). XLD (mean = 136.52) was found to be the more
effective for the isolation of these serovars when compared with MacConkey agar
(mean = 59.79). A serovar medium interaction was detected indicating that different
serovars behaved differently at different temperaturegeé-55.18,p=0.000). Figure

5.1 shows that for most serovars there is a marked increase in the number of colony
forming units grown on XLD agar when compared with MacConkey agar. However,
serovar Mana only had a mean increase of six colonies. No medium — temperature

interaction was observed.
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Figure 5.1: Boxplot of CFUs for reptile-associated Salmonella serovars grown on XLD

and MacConkey agar (Mac).
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There was a significant day effect suggesting that the number of colony forming units
counted each day was variablg £f5=19.412 p=0.000). Figure 5.2 shows that for most

Salmonella serovars there is a gradual decline in colony counts from days one to five.
This was not the case for serovar Bousso which was highly variable in the number of

colony counts obtained across the five days.

No order effect was found in this experiments(fn,=1.205,p=0.243). It was therefore
removed as a factor from the model. Time was found to be a factor in the number of

colony counts obtained. This was entirely random.
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Figure 5.2: Mean CFUs grown each day for six reptile-associated Salmonella serovars

5.4 Discussion

There was marked variation in success of different culture medi&dbmonella
serovars isolated from reptiles in New Zealand. In my survey of wild reptiles, for some
Salmonella serovars isolated, no culture method was completely effective. For most
serovars, incubation at 37°C was more reliable, bub&monellaSaintpaul, 27°C was

more reliable although our sample size of this serovar was very low. For most serovars
medium was more important than incubation temperature, with the exception of

Salmonella Mana, Saintpaul and 4,12:-:1,2.
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The type of medium used was important and XLD was more effective than MacConkey
agar. These findings were confirmed by my experimental trial which showed that
Salmonella serovar and culture media had significant and interactive effects on the
success of microbial isolation. This experimental trial has found that XLD agar is far
more effective at the isolation of five out of the six reptile-associ&aithonella
serovars. Serovar Mana grew equally well on both MacConkey and XLD agar. Despite
being isolated from reptiles in New Zealand, many of the serovars tested are also
pathogens of humans. The results are at variance with those reported by Chau and
Leung (1978) who found th&almonellaserovars from a human source were more
easily isolated on MacConkey agar than XLD agar. Other studies on isolation of
reptile-associated serovars have found that XLD agar is more effective than MacConkey
agar (Mitchell 2006).

Most of the Salmonellaserovars isolated from New Zealand reptiles, as outlined in
Chapter Two of this thesis, belong to subspecies I. Members of Salmonella subspecies |
are also common isolates of mammals, whilst other subspecies such as llla, Illb and IV
are often associated with reptiles (Pfleger et al 2003; Pasmans et al 2005; Mitchell
2006).

New Zealand geckos and skinks have considerably lower body temperatures than
mammals. H. maculatusand O. maccannihave preferred body temperatures between
22.7°C and 26.3°C (Besson and Cree 2007). It might therefore be expected that
Salmonellaspecies which are specific pathogens of these hosts would have evolved an
optimum growth temperature closer to their host’s normal body temperature. Based on
the results of this study, however, this is not the case. Five of the six isolates tested
showed no difference in growth patterns at 27°C or 37°C. The isolates tested in this
study are also common pathogens of mammals. It is perhaps unsurprising, therefore,
that we found incubation temperature had no effect on the growth of any of the serovars
tested in this study. The majority 8almonellaserovars | isolated from New Zealand
reptiles belong to subspecies I. This group of Salmonella is generally thought to infect
mammals. These findings suggest thalmonellabacteria have evolved with sufficient
adaptability to environmental temperature to survive in both poikilothermic and

homoeothermic hosts.
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Salmonellasubspecies IV are isolated from cold-blooded reptiles overseas, however
they are less often isolated from warm-blooded hosts (Pasmans et al 2005). Thus, it
might have been expected that members belonging to this subspecies would grow better
at 27°C than 37°C. This was not found to be the case in this stu@glmsnella
subspecies IV 43:z4,z23:- grew equally well at both 27°C and 37°C. This suggests that
this organism could be capable of infecting warm-blooded hosts.

Five of the six serovars tested showed a decreaSalmonellacolony counts from

days 1 to 5. The concentration of serovars Mana and subspecies IV had decreased the
most, dropping significantly in the 36 hours between preparation of the broth and the
beginning of the experiment. All other serovars, except Bousso, decreased gradually in
their production of CFUs from days 1 to 5. This highlights the importance of prompt
investigation ofSalmonellasamples following collection, particularly if they are from a
source in which the levels &almonellamay be low. I[fSalmonellasamples are left in
storage for more than a week and the bacterial numbers in the original sample are low,
all Salmonellamay die before testing. It is advisable that, when isolefiaignonella
serovars from New Zealand endemic reptiles, samples should be inoculated into an
enrichment broth and incubated within 48 hours of collection in order to detect the

likely low numbers of bacteria in these species.

Isolation of Salmonellaserovars from New Zealand endemic reptiles appears to be best
achieved using XLD agar. MacConkey agar will also detect all serovars. However, if
the numbers of bacteria within the sample are low, the chances of isolating them seem
to be enhanced using XLD agar. Incubation temperature had no effect on the isolation
of Salmonelladrom New Zealand lizards. In order to increase the likelihood of isolating
Salmonellafrom cultures where the numbers of bacteria may be low, it appears that
samples should be tested as soon as possible after collection and preferably within 48
hours as the numbers of bacteria decline steadily over time. Based on the results of the
survey together with the experiment | would advise that in order to achieve the highest
likelihood of detecting alBalmonellapresent in a sample a number of different media
should be used and samples should be tested as promptly as possible following

collection.
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Potential Pathogens in New Zealand native lizards:

Summary and Recommendations

Since the arrival of humans there have been dramatic declines in the distribution and
abundance of New Zealand lizards (Daugherty et al 1994; Towns and Daugherty 1994;
Towns et al 2001). This is primarily due to human-induced habitat loss and degradation
as well as predation by introduced mammals (Towns and Daugherty 1994). The
conservation of New Zealand lizards has therefore become reliant on the formation of
appropriate management strategies which frequently involve the translocation of our
rarest endemic lizards to offshore islands or mainland “island” sites where introduced

predators have been eradicated (Towns 1999; Towns et al 2001).

The presence and possible spread of disease is an important consideration when
translocating reptiles to new areas and disease screening is required prior to the
translocation of lizards to prevent the spread of disease to naive wild populations
(Woodford and Rossiter 1994). Unfortunately, many factors such as lack of funding,
limitations of diagnostic testing and lack of a basic biomedical knowledge of the species
involved, means that disease screening is not carried out as intensively or as accurately
as required (Woodford and Rossiter 1994; Gartrell et al 2007). Current pathogenic
threats to endemic New Zealand lizards are predominantly unknown and there is a need
for focused research on the prevalence and distribution of potential pathogens amongst
New Zealand native lizards in order to improve the management and long term survival

of these species.

This research is the largest study of the prevalence of the potential pathogens,
SalmonellaH. alveiand Aeromonasn endemic New Zealand lizards. The prevalence

of Salmonellaexcretion by wild endemic New Zealand lizards was found at a mean
prevalence of 4.7%. In this stu&almonellavas not found on all islands, those islands

on which it was found were host to between one and tha¢monellaserovars which

were not found on any other island in this study. This indicates that identification solely
to the genus level is not sufficient in disease screening of lizards for translocation and

all suspect Salmonella organisms should be sent to ESR for serotyping.
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In this thesisSalmonellawas found to have minimal impact on the health of lizards
based on their snout-to-vent lengths. Howe@&almonellahas been demonstrated to
cause significant disease in humans and naive wildlife (Alley et al 2002; Tizard 2004;
Wells et al 2004; Wybo et al 2004). At this stage the pathogenicity of these serovars in
reptiles is unknown and no studies have yet considered the effect of introducing new
serovars oSalmonellao naive populations. Until further research has been conducted
in this area we cannot be sure what effect introduction of new serovaatnodnellato
offshore islands would have. It therefore seems prudent that disease screening of
Salmonellacontinues to be an integral part of the translocation process of any native
lizard. Maintaining a database &almonellaserovars found amongst populations
would also help in identifyingalmonellaserovars found within the source population
and at the site of release, thereby reducing the risk of introducing Salmbnella

serovars to the population.

Salmonellaserovars are known to behave differently in different species. No effect of
Salmonellawas identified in the lizards sampled in this study, however me must take
care not to disregard any potential effects these serovars may have on other species.
The clinical manifestations of salmonellosis depends upon the virulence of the serotype,
nature of the lesion and innate immunity of the host (Gopee et al 2000). For example,
serovar Typhi is known only to infect human hosts in contrastSatmonella
Typhimurium which can infect a range of hosts including humans, reptiles and
mammals (Haraga et al 2008). In New Zeal&@amonellaTyphimurium DT160
resulted in the mortality of humans and birds in urban areas between 1998 and 2001
(Alley et al 2002). The human associatedimonellaserovar Typhimurium DT195
resulted in the mortality of a number of hihi on Tiritiri Matangi Island following its
introduction to the island by tourists (Ewen et al 2007). Further study is required in
order to determine the pathogenicity of the serovars identified in this thesis in both

reptiles and other wildlife.

Skinks were found to have significantly higher prevalenceSahinonellahan geckos,
which could be a reflection of their diet and more terrestrial lifestyle (Gill and Whitaker
1996). Diet may also be the cause of lizards living within 5 metres of the high tide
mark being more prone ®almonellaexcretion than those living more than five metres

from the high tide mark. Lizards living on the coast have been observed eating carrion
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and regurgitated sea-bird fluids which may form the source of infection. Alternatively,
the increasedsalmonellainfection by some reptiles could be the result of different
gastro-intestinal flora amongst species or different intestinal pH levels. More research

is required in this area.

Salmonellaserovars were also identified within captive populations of lizards. The
prevalence oSalmonellawithin the two captive populations (11.5%) surveyed in this
thesis was considerably higher than the prevalence found in wild populations (4.7%).
There was also a difference in prevalence between the two populations of captive
lizards which is consistent with results from overseas which have shown the prevalence
of Salmonellaexcretion by captive reptiles to vary significantly between breeders (Geue
and Loschner 2002). This suggests that some captive facilities may be more suitable as
source populations than others and wildlife managers should research the source of
captive lizards for translocation carefully.

Within these captive populations only tw®almonellaserovars were isolateds.
Saintpaul ands. Mississippi. Reptile breeders in New Zealand frequently sell and swap
lizards in order to maintain their populations at a manageable size and in order to help
prevent inbreeding depression. These exchanges are often made without any prior
health screening of the individual which could result in a spre&hlohonellaserovars
between populations. This may explain the presenc8. &aintpaulamongst both
populations. A comprehensive survey of all the reptile breeders in New Zealand is
advisable in order to determine whether this constant exchange has resulted in a pool of

Salmonella serovars that are found commonly amongst all breeders.

Only Naultinuslizards were excretin§almonellaat the time of sampling in the captive
populations, this is in contrast to the result | obtained from wild lizards on offshore
islands. Naultinusgeckos were far more abundant in the captive populations. This
raises the possibility th&@almonellainfection is correlated with density. It is known

that stress which may be experienced from overcrowding often results in increased
Salmonellaexcretion (Quinn et al 2002; Richards et al 2004). Reptile owners should
therefore be careful about mixing species in their collections. Where possible, species
should be separated into their own cages or at the very least cages should only contain

individuals of the same genus and overcrowding should be avoided. Sailmenella
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is highly environmentally stable | would suggest that lizard cages should be physically
separated rather than being separated only by wire mesh. This would help to prevent
the spread oBalmonelldbetween reptiles in different cages. Handling of lizards should
also be limited in order to prevent nosocomial transmissioSadtmonellabetween

lizards in a collection.

All except one of the eleveBalmonellaserovars isolated in this study belong to
Salmonellasubspecies I. Manypalmonellaserovars belonging to subspecies | are
common pathogens of humans. Overseas reptile-associated salmonellosis is more likely
to involve infants than any oth&almonellainfection, it is also more likely to be
associated with invasive disease and lead to hospitalisation (Mermin et al 2004). Due to
the stability ofSalmonellain the environment, direct contact with the organism is not
required for transmission of the disease. In New Zealand, wild geckos and skinks
inhabiting the kitchens of homes in Otago resulted in an outbreak of salmonellosis
caused bySalmonellaSaintpaul. Appropriate hygiene measures should therefore be
taken by wildlife managers involved in the translocation process and reptile owners in

order to prevent infection with the bacteria.

A range of methodologies for isolation &almonellafrom a reptilian source was
investigated in Chapter Five of this thesis. Two different media types (XLD and
MacConkey agar) were incubated at 27°C and 37°C. All 703 cloacal swabs obtained
from wild endemic lizards were tested using each of the four methods. For some of the
serovars no single method detected 100%amonellaserovars obtained. For most
serovars isolated in this thesis 37°C was the more reliable incubation temperature. This
was not the case f@almonellaSaintpaul which was isolated better at 27°C than 37°C.
XLD was a more effective media than MacConkey for all serovars except Mississippi
and Saintpaul and 4,12:-:1,2. For most serovars media was more important than
incubation temperature except for serovars Mana, Saintpaul and 4,12:-:1,2. Six of the
Salmonellaserovars obtained from native lizards reported in Chapter Two of this thesis
were further tested using pure cultures at known concentrations. In this experiment
XLD agar was found to more effective at isolattBglmonellaserovars. Temperature

did not have any effect on isolation of these six serovars. Isolati@alofonella
serovars from New Zealand endemic reptiles appears to be best achieved using XLD

agar. MacConkey agar will also detect all serovars, however, if the numbers of bacteria
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within the sample are low the chances of isolating them seem to be enhanced using
XLD agar. Based on the results of the survey and the experiment | would suggest that a
range of methodologies are required in order to identifgalinonellaserovars present

in a sample.

Five of the sixSalmonellaserotypes showed a marked reduction in colony counts from
days 1 to 5. This highlights the importance of prompt investigatioSadrhonella
samples following collection, particularly if they are from a source in which the levels
of Salmonellamay be low. IfSalmonellasamples are left in storage for more than a
week and the bacterial numbers in the original sample were lov8abtionellamay

have died before testing. It is advisable that, when isol&algonellaserovars from

New Zealand endemic reptiles, samples should be inoculated into an enrichment broth
and incubated within 48 hours of collection in order to detect the likely low numbers of
bacteria in these species.

No Aeromonagvas found in any of the wild Mana Island samples or captive samples in
this study. Aeromonasspecies are common bacteria in aquatic environments (Mader
1996) and the majority of studies in whidleromonasas been identified have looked

at essentially aquatic animals, such as Nile crocodilescpdylus niloticus(Turutoglu

et al 2005), green anacondd&ufcectes muringgMiller et al 2004) and sea turtles
(Caretta caretta,Chelonia myadsaind Dermochelys coriacea) (Oros et al 2005). The
prevalence oferomonasamong Nile crocodiles has been shown to be as high as 90%
(Madsen 1996), dramatically higher than the 0% prevalence found in the current study.
It would be fair to assume that given the high rates at whérbmonasan be found in
rivers, lakes and ponds, aquatic reptiles are more likely to be expo&erbtoonasand

hence are more susceptible to becoming carriers of the disease.

This was the first study into the prevalencdHofalveiin New Zealand endemic lizards.

The present study found relatively low prevalenceSaimonellaamongst wild (1.9%)

and captive lizards (5.2%). At this stage little is known about the pathogenicdity of
alvei in reptiles, there have been no reported cases of reptile fatalities due to this
bacteria and it has been found at low levels amongst tuatara and lizard populations.

Hafnia alveiinfection had minimal to no impact on the health of lizards in this study
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and is not thought to be the cause of significant disease within endemic reptiles. Future
screening of reptiles fddl. alvei prior to translocation is probably not required.

Hafnia alveiis commonly found in the gastro-intestinal tract of mammals and is known

to cause severe reproductive losses and disease in birds (Janda and Abbott 2006). In
humansH. alveiis known to cause septicaemia and gastrointestinal infections (Proietti

et al 2004; Janda and Abbott 2006). For this reason it is advisable that immuno-
compromised people limit contact with lizards, especially captive bred reptiles which

have been found to have prevalences as high as 10%.

A number of future research questions have been raised by this thesis. Recent research
has failed to identifyfsalmonellan wild or captive populations of tuatara (Gartrell et al
2006; Gartrell et al 2007), however in this thesis | have identSadhonellan geckos

and skinks co-habiting with tuatara. | have also found that skinks are much more likely
to be carriers oSalmonellathan geckos in the wild. Future studies should consider
why some reptiles are more proneSalmonellainfection than others. In doing this it

would be prudent to consider comparing the gastro-intestinal flora of tuatara,
Salmonellainfected lizards and un-infected lizards in order to determine whether
bacterial competition has any effect. The intestinal pH of lizard species and tuatara

could also be considered as a potential source of this variation.

It was also observed in this thesis that lizards living within five metres of the high tide
mark had much higher prevalences Sdlmonellathan those living more than five
metres. This together with the different ratesSafmonellainfection between geckos

and skinks raises a possible dietary component to the infection. Future studies should
consider sampling common food sources of the lizards in order to determine the

potential source of the infection.

Salmonellavas found in five of the eight islands surveyed in this thesis. Each of these
islands was host to between one and thBsmonella serovars amongst the
herpetofauna which were not found on any other island. Future studies should consider
investigatingSalmonellaprevalence and the spatial distribution of its serovars amongst

other species which also inhabit the island. Sea birds could be of particular interest due
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to their often migratory behaviour and the fact that they are not confined to only one
island.
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Appendix 1
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Appendix 1a: Body weights of Salmonella excreting and iS@imonella excreting
geckos on New Zealand offshore islands
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Appendix 1b: Body weights of Salmonella excreting and rigasdmonella excreting
skinks on New Zealand offshore islands
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Appendix 2
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Appendix 2a: Body weights of Salmonella excreting and 1&aimonella excreting
lizards on Mana Island, New Zealand
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Appendix 2b: Body weights of H. alvei excreting and ndnalvei excreting lizards on
Mana Island, New Zealand
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Appendix 3
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Appendix 3a: Body weights of Salmonella excreting and i&aimonella excreting
lizards from two captive populations in New Zealand

50 —@— No H. alvei
—— H. alvei

40-

Weight (g)
W
?

N
o
1

10+

T T T T T T T
40 50 60 70 8 90 100 110 120 130
Length (mm)

Appendix 3b: Body weights of H. alvei excreting and nbh-alvei excreting lizards
from two captive populations in New Zealand
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Appendix 4

Appendix 4a: General linear model of main effects

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 853745.675(6)1 35 24392 734 6.394 000
Intercept 2312217.704 1| 2312217.704 606.075 .000
Serovar 317705.907 5 63541.181 16.655 .000
Media 325746.490 1 325746.490 85.384 .000
Temperature 397.452 1 397.452 .104 747
Order 105754.266 23 4598.012 1.205 .243
Day 68510.192 4 17127.548 4.489 .002
Time 8062.004 1 8062.004 2.113 .148
Error 778273.621 204 3815.067
Total 3944237.000 240
Corrected Total 1632019.296 239

a R Squared = .523 (Adjusted R Squared = .441)
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Appendix 4b: General linear model
Type Il Sum

Source of Squares df Mean Square F Sig.
Corrected Model 1553492.36;)( 150 10356.616 11.738 000
Intercept 2312217.704 1| 2312217.704 | 2620.596 .000
Serovar 317812.671 5 63562.534 72.040 .000
Media 353203.538 1 353203.538 400.310 .000
Temperature 403.004 1 403.004 457 501
Day 68510.192 4 17127.548 19.412 .000
Time 8062.004 1 8062.004 9.137 .003
Serovar * Media 224392.737 5 44878.547 50.864 .000
Serovar * Temperature 16286.171 5 3257.234 3.692 .004
Serovar * Day 209210.558 20 10460.528 11.856 .000
Serovar * Time 24402.171 5 4880.434 5.531 .000
Media * Temperature 1690.704 1 1690.704 1.916 170
Media * Day 34383.942 4 8595.985 9.742 .000
Media * Time 145.704 1 145.704 .165 .685
Temperature * Day 2659.808 4 664.952 754 558
Temperature * Time 357.704 1 357.704 405 526
Day * Time 41362.308 4 10340.577 11.720 .000
Serovar * Media *
Temperature 8735.771 5 1747.154 1.980 .089
Serovar * Media * Day 91479.908 20 4573.995 5.184 .000
Serovar * Media * Time 7149.571 5 1429.914 1.621 163
Serovar * Temperature *
Day 13796.642 20 689.832 782 728
Serovar * Temperature *
Time 7910.271 5 1582.054 1.793 122
Serovar * Day * Time 78050.642 20 3902.532 4.423 .000
Media * Temperature * Day

4408.692 4 1102.173 1.249 .296
Media * Temperature *
Time 2.604 1 2.604 .003 .957
Media * Day * Time 35387.192 4 8846.798 10.027 .000
Temperature * Day * Time 3687.858 4 921.965 1.045 .389
Error 78526.929 89 882.325
Total 3944237.000 240
Corrected Total 1632019.296 239

a R Squared = .952 (Adjusted R Squared = .871)
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Appendix 4c: Mean Salmonella colony counts by time

Time Mean CFUs
Am 92.4
Pm 104.0

Appendix 4d: Mean Salmonella colony counts for each day of the experiment
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Appendix 4e: Colony counts of six Salmonella serovars incubated at two temperatures
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Appendix 4f: Colony counts of Salmonella for each experimental session



