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ABOUT THIS JOURNAL

Perspectives in Biosecurity is a multi-disciplinary electronic journal of research papers
and other outputs covering all aspects of the field of biosecurity including, but not
restricted fo invasion biology and ecology, invasive species identification/diagnostics,
management and eradication/control, new invasive species records, modelling,
biosecurity law and policy, relationships between human society and invasive species.

The journal primarily publishes:

® Research papers of 5,000 words
¢ Short notes of 1,000 to 3,000 words
e Reviews of 5,000 to 10,000 words

Due to the multi-disciplinary nature of biosecurity, other output types including creative
and multimedia ones will be considered at the discretion of the editors. All papers and
other outputs are subject to anonymous double-blind peer-review prior to acceptance and
publication. Papers are published online after acceptance and all corrections have been
made.



EDITORIAL

Global biosecurity issues share many common attributes. Although species may differ,
the sharing of information about the ecology and management of alien species is of
increasing mutual advantage. We are delighted to announce the extension of the scope
of Perspectives in Biosecurity to encompass the wider Pacific region, and a shift in
publication from a paper series to a journal following a continuous publication model.

The myrtle rust paper in this issue exemplifies the Pacific context of our journall.
Originating from Brazil, the pathogenic rust has spread throughout the Pacific Rim (and
further afield), and was detected in New Zealand in 2016. As we go to press, we have
recently learnt of the discovery of a new infection site of myrtle rust, this time at a plant
nursery in Auckland. Here, the myrtle rust paper considers the flow-on impacts on the
fauna associated with the pathogen’s hosts, the Myrtaceae. In time, researchers will
document these impacts, but in the meantime there is merit in initiating serious thought
about the matter as soon as possible, ideally to consider pre-emptive management
actions.

The media has been quick to pick up on the invasion of myrtle rust, reporting on the
appearance and new hotspots since the discovery of the rust in New Zealand in this year.
Reports on biosecurity matters appear regularly in the New Zealand media, informing the
nation regularly of species incursions, border breaches, and prosecutions for biosecurity
misdemeanors. For example, in addition to highlighting the occurrence of myrtle rust,
media reports this year have included a brown tree snake flying in on a private jet, and
the detection of the cattle disease Mycoplasma bovis, both events that generated emotive
responses from the public.

This profile of biosecurity through popular media is crucial to raise biosecurity awareness,
as scientific papers are generally accessed only by those with a vested professional
interest in the subject matter. Different mechanisms of information dissemination will
engage with different sectors of society, and/or provide a variation in the emphasis of the
biosecurity message. Our second paper, ‘Alien Nation: Art serving science and science
serving art’, includes art to explore a biosecurity issue. This is a true socio-ecological
approach, and reinforces the contribution that an interdisciplinary approach can make to
raising awareness and changing perspectives in biosecurity.

We look forward to publishing many more papers in the Perspectives in Biosecurity
journal that share biosecurity knowledge from across the Pacific region to better inform
the complex management of alien species.

Submissions of research papers, short notes, reviews and other outputs are invited for the
2018 volume.

Mel Galbraith and Dan Blanchon
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Implications for selected indigenous fauna
of Tiritiri Matangi of the establishment of
Austropuccinia psidii (G. Winter) Beenken
(myrtle rust) in northern New Zealand

Mel Galbraith and Mark Large

Abstract

Myrtle rust (Austropuccinia psidii (G. Winter) Beenken) was detected on the New Zealand mainland in May 2017. Myrtle
rust was first described in Brazil in 1998, and since then has spread throughout the Americas, to Asia, Africa, the
Pacific islands, and most recently to Australia, causing a global pandemic. A. psidii is a pathogen of the Myrtaceae
family, and attacks young leaves, shoots, stems and flowers. Given overseas experience with the pathogen, a
wide range of host species in New Zealand are expected to have the potential to be infected. In New Zealand, the
optimal conditions for myrtle rust are predicted to be confined to mainly coastal and the northern areas of the North
Island. In these areas, Myrtaceae species, principally pohutukawa Metrosideros excelsa, kanuka Kunzea robusta
and manuka Leptospermum scoparium are common, and may dominate plant communities. The aim of this review
is to consider the potential longer-term impact of myrtle rust, with a focus on the flow-on effect to indigenous New
Zealand fauna, particularly the nectarivorous species that use myrtaceous flowers as a food source. This potential is
explored through a case study of Tiritiri Matangi Island, an ecological restoration project in the Hauraki Gulf, northern
New Zealand. Although any degradation or loss of the Myrtaceae will have long-term and potentially devastating
impacts on the myrtaceous habitats and allied fauna, we suggest that niche flexibility associated with much of
the New Zealand fauna bodes well for such future environmental challenges. Fauna with an obligate relationship
with Myrtaceae, however, may be at greatest risk from the pathogen’s establishment. Management options are
suggested to mitigate the impact of myrtle rust on nectarivorous fauna.

Introduction Hawaii, Japan, China, South Africa, New Caledonia,
Indonesia, Australia (Marlatt & Kimbrough, 1979; Uchida

The disease known as myrtle, guava or eucalyptus rust e ’
et al., 2006; Kawanishi et al., 2009; Carnegie et al.,

is caused by the fungus Austropuccinia psidii (G. Winter)

Beenken. This disease affects members of the Myrtaceae, ~ 2010; Zhuang & Wei, 2011; Roux et al., 2013; Buys etal.,
attacking young leaves, shoots, stems, fruit and flowers ~ 2016) and now New Zealand, where its arrival had been

(Glen et aI., 2007, Pegg et aI., 2014' Teulon et aI., 2015). predicted (Goldson et aI., 2015, Teulon et aI., 2015, Buys
et al., 2016). Myrtle rust arrived in Australia about mid-

2010 and was first identified in Gosford on the central
New South Wales coast (Carnegie et al., 2010; Makinson

First symptoms are brown-to-grey spots on leaves and
shoots, often surrounded by a reddish halo, followed by

yellow-orange spore-containing pustules (Figure 1). This , ; )
may eventually result in defoliation, galling, flower and & Conn, 2014). Unfortunately, slow identification of the

nectar failure, and death of susceptible hosts (Coutinho ~ Pathogen delayed eradication attempts, which may have
et al., 1998; Glen et al., 2007: Uchida & Loope, 2009; contributed to its establishment and spread throughout
Pegg et al., 2014: Teulon et al., 2015). the eastern regions of Australia (Elith et al.,, 2013;
Howard et al., 2015).

Although globally there are several strains of A.
psidii affecting different hosts, only one strain is present
in Australia (Loope & La Rosa, 2008; Carnegie & Cooper,

Myrtle rust was first described on guava (Psidium
guajava) in Brazil (Coutinho et al., 1998), from where it
has spread throughout Central and South America and
to the continental United States (California & Florida),

Perspectives in Biosecurity 2/2017 7
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Figure 1. Myrtle rust on o’hia (Metrosideros polymorpha).
(Photo: © J. Friday, University of Hawai'i)

2011; Graca et al., 2013; da S. Machado et al., 2015zg;
da S. Machado et al., 2015b; Buys et al., 2016). This
was described as Uredo rangelii (Simpson et al., 2006)
and known as such from 2010-2011. Following genetic
analysis, this was considered a biotype of Puccinia psidii
(Makinson & Conn, 2014), but has recently been re-
assigned to the Austropuccinia genus on the basis of a
new genetic analysis (Beenken, 2017). A full overview of
the taxonomy and biology of this rust species is covered
by Clark (2011), Teulon et al. (2015) and Beenken (2017).
Unfortunately, this strain appears to have a wide host
specificity, infecting in excess of 445 species and
including ¢.46% of genera in the Myrtaceae (Buys et al.,
2016; Potts et al., 2016; Ganley, 2017).

Makinson (2014) suggests that the movement of
infected material by humans has been the primary agent
of long-distance dispersal in Australia, where myrtle
rust can now be found from Queensland to Victoria,
Tasmania and the Northern Territory (Department of
the Environment and Energy, 2017). The introduction of
rust fungi into New Zealand is relatively common due
principally to the prevailing westerly weather patterns
carrying spores across the Tasman Sea. Since 1945,
more than one new rust species per year has been found
in New Zealand, and most of those are of Australian
origin (Mckenzie, 1998). To demonstrate the importance
of wind assisted spread from Australia, Mckenzie (1998)
lists 40 species of rust present in New Zealand from
herbarium and disease lists in 1931, of which 22% were
introduced. By 1997 this number had increased to 234
species, of which 46% were of Australian origin. It seems
inevitable that spore material could arrive repeatedly in
New Zealand from Australian sources (Viljanen-Rollinson
& Cromey, 2002; Kim & Beresford, 2008).

Myrtle rustwas first reported in New Zealand in March
2017 on Raoul Island, two months before its detection
on mainland New Zealand in Kerikeri and Taranaki. These
two reports, that are from approximately the same time
(2 May and 17 May, respectively), were followed by
three geographically separate locations: Te Puke on 13
June, Otorohanga on 8 September, and Auckland on 23
November (Department of Conservation, 2017; Ministry
for Primary Industries, 2017a, 2017b, 2017c, 2017d).
It is currently unclear how the fungus arrived in New
Zealand or how it has been dispersed.

The life cycle of myrtle rust is not completely
understood, it is either autoecious (single host), or
heteroecious (requiring at least two hosts) with an
unknown alternate aecial host (Morin et al., 2014).
Although the establishment and effect of a heteroecious
rust pathogen can depend on the presence of an
alternate host to establish, it is not always the case, as
climatic adaptation of the particular rust and distribution
of the alternate host may also play a role. For example
Melampsora larici-populina, which arrived in New Zealand
the year after it was recorded in Australia in 1973 (Spiers
1989), virtually eradicated susceptible poplar varieties,
including the Lombardy poplar (varieties of Populus nigra)
(Spiers, 1974; Van Kraayenoord et al., 1974; Wilkinson
& Spiers, 1976). In contrast, the related Melampsora
medusae, also pathogenic to poplars, introduced to NZ
from Australia at about the same time, failed to establish
due to absence of its alternate host (Wilkinson, 1988).
For other rusts with known alternate hosts, like Puccinia
hordei in barley and P. striiformis in wheat, the uredinial
cycle persists through winter and epidemics develop
without the alternate host being available. Given that an
alternate host for A. psidii has not been identified, it is
unknown whether one is essential for development.

Climate modelling (Kriticos et al., 2013; Narouei-
Khandan, 2014) suggests that the greatest impact of
myrtle rust introduction to New Zealand will be seen in
the North Island and the upper South Island (see Bebber,
2015 for a discussion on the extended effect of climate
change on this scenario). As this disease has only just
been recorded in New Zealand, its impact is uncertain.
It may be that its presence is driven by microclimate,
leaf wetness and some degree of tolerance in the hosts
(Alvares et al., 2017; Pegg, 2017; P. Cannon, personal
communication, September 7, 2017).

Although knowledge of the exact susceptibility
of New Zealand hosts to A. psidii is incomplete and
dependent on ongoing investigation, the catholic nature
of the Australian strain may indicate that a wide range

Perspectives in Biosecurity 2/2017 8
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Figure 2. Location of Tiritiri Matangi Island, Hauraki Gulf, New
Zealand.

of host species in New Zealand is at risk of infection
(Ridley et al., 2000). Teulon et al. (2015) assessed
the susceptibility of indigenous New Zealand taxa
to the fungus, with special reference to Maori taonga
plant species. In particular, they noted the genera
Metrosideros, Kunzea, Leptospermum, Syzygium, and
Lophomyrtus were at risk. The threat to Metrosideros
excelsa, M. kermadecensis and Lophomyrtus bullata has
also been specifically noted (Giblin & Carnegie, 2014a).

Also potentially at risk are common introduced
garden species, commercial crops and tree species.
Although, the susceptibility of feijoa (Acca sellowiana)
is considered to be low (Ministry for Primary Industries,
2017e) other plants including Eucalyptus species are
considered susceptible. (Giblin & Carnegie, 20144,
2014b; Teulon et al., 2015; Carnegie et al., 2016). The
potential commercial impact of this pathogen, including
the threat to the manuka honey industry, has been
discussed (Glen et al., 2007; Teulon et al., 2015; Buys
et al., 2016).

The hidden flow-on effect to the indigenous New
Zealand fauna, however — in particular the species that
rely on the myrtaceous elements of the flora as food
sources — is less visible in the literature. An assessment
of the impact on fauna is being made in Australia,
including the implication of limited food sources for
some species of flying foxes, lorikeets and honeyeaters
(McLeish, 2016). The long term effects, however, are
not known.

The aims of this review are:

1. to evaluate the existing literature and recorded field
observations to make an informed assessment of

the severity of the possible impacts of myrtle rust on
indigenous New Zealand fauna that are associated
with the Myrtaceae;

2. to propose possible actions for management and
research that can be initiated before the full impacts
of myrtle rust are known;

3. to provide further evidence for the environmental
benefits of managing myrtle rust.

We explore these aims through a general case study of

Tiritiri Matangi Island, an ecological restoration project

in the Hauraki Gulf, northern New Zealand (Figure 2).

Case study site

Modelling under a current climate scenario (Ramsfield

et al.,, 2010; Kriticos et al., 2013; Narouei-Khandan,

2014) predicts optimal conditions for myrtle rust in

New Zealand to be confined principally to coastal and

northern areas of the North Island. This range would

likely expand with future climate change (Hanna et al,,

2011; Bebber, 2015). Tiritiri Matangi Island is located

in the northern North Island, and may be considered

indicative of both island and coastal ecophysiographical
environments in northern New Zealand. The island has:

1. remnants of pohutukawa (Metrosideros excelsa)-
dominated forest typical of the northern New
Zealand coast and islands, which are considered
to be iconic (Bergin & Hosking, 2006; Galbraith &
Cooper, 2013);

2. species of Myrtaceae that make a significant
contribution to the biodiversity:

e natural vegetation regrowth, covering 19% of the
island, dominated in places by kanuka (Kunzea
robusta) and manuka (Leptospermum scoparium)
(Cameron & Davies, 2013);

e established planted areas, covering 64% of
the island, that include extensive pohutukawa
stands providing salt-resistant shelter canopies
(Cameron & Davies, 2013);

3. populations of fauna, such as nectarivorous birds
and reptiles (Graham et al., 2013; Supporters of
Tiritiri Matangi, 2013), that have potential to be
affected by any degradation of the Myrtaceae.

The habitat

As with any canopy species, Myrtaceae on Tiritiri
Matangi provide a general habitat and resource for
other flora and fauna. The plant surface is a substrate to
support epiphytes (including lichens), the stringy bark a
shelter for invertebrates, and the leaves and wood are

Perspectives in Biosecurity 2/2017 9



resources for herbivores. In a northern New Zealand
context, the Myrtaceae, in particular Metrosideros,
Kunzea and Leptospermum, may be considered keystone
genera due to their influence on ecosystem functioning
(Kriticos et al., 2013). This influence is evident in their
role in ecological succession as pioneer species tolerant
to harsh dry conditions, and with their closed canopy
providing shelter for following seral stages. The habitat
and ecosystem characteristics (Simpson, 1994, 2005;
Bergin & Hosking, 2006; Derraik, 2008) associated with
these northern New Zealand Myrtaceae species are:

Kanuka and manuka

e form extensive communities during early stages of
the ecological recovery of deforested communities,
often under conditions of dry and poor soils;

e develop a deep organically-rich, fine leaf-litter;

e have entomophilous flowers (small and nectar-
producing, insect pollination strategy) (Kelly et al.,
2010).

Pohutukawa

e tolerates salt, resulting in a role as the first (and
often only) woody plant to colonise bare cliff faces
and the coastal supra-littoral zone, and to persist to
form, and often dominate, coastal forest;

e has extensive hydrotropic roots that provide habitat
over bare rock/cliffs;

e develops weather-influenced, gnarled old-growth
trees that provide a multitude of cavities for fauna of
all sizes, from small invertebrates to cavity-nesting
birds;

e has astable and strong root system that may develop
conditions suitable for burrows of nesting seabirds;

e develops a deep organically-rich, coarse leaf-litter;

e has large nectar-producing brush flowers and
a pollination strategy considered to be either
ornithophilous (bird pollinated) (Castro & Robertson,
1997) or generalist (pollinated by all animal groups)
(Newstrom & Robertson, 2005; Pattemore &
Wilcove, 2012).

Birds

The nectarivorous birds present on Tiritiri Matangi are
North Island saddleback Philesturnus rufusater and North
Island kokako Callaeas cinerea wilsoni (Callaeidae), hihi
Notiomystis cincta (Notiomystidae), bellbird Anthornis
melanura and tur Prosthemadera novaeseelandiae
(Meliphagidae), and silvereye Zosterops lateralis
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(Zosteropidae). These species all have brush structures
on their tongues, and generally decurved, narrow bills
characteristic of nectar feeders (McCann, 1964; Mees,
1969; Paton & Collins, 1989; Driskell & Christidis,
2004). Almost all nectar sources, including flowers with
ornithophilous, entomophilous or generalist pollination
strategies, can be used by each nectarivorous species
(Gravatt, 1970; Newstrom & Robertson, 2005; Kelly
et al., 2010). All these nectarivorous birds, however,
are also frugivorous and insectivorous, and use the
respective resources to varying degrees (Table 1).
The use of nectar resources by saddleback, kokako
and silvereye is relatively minor, thus these birds are
not likely to be impacted by the arrival of myrtle rust
to Tiritiri Matangi. However, tul, bellbird and hihi have a
considerably higher proportion of their diet provided by
nectar.

Studies of the food sources of tur (Merton, 1966a;
Gravatt, 1971; Bergquist, 1985; O'Donnell & Dilks,
1994) have shown their diet to be predominantly nectar.
Bergquist (1985) calculated 70-80% of the diet to be
nectar, with male tur being more dependent on the
resource than females. Such is the drive of tu1 for nectar,
they have been shown to travel long distances to feed
(Gravatt, 1971), including movement on and off islands
on a seasonal or daily basis (Stewart & Craig, 1985).
Although kanuka and manuka flowers are entomophilous
(Kelly et al., 2010; Spurr et al., 2011), tur and bellbird
have been observed visiting both species (Baker,
1992; Roper, 2012; MG personal observation), perhaps
indicative of their high dependence on nectar.

Bellbird are also known to travel long distances for
nectar resources (Gravatt, 1971), although their nectar
consumption has been shown to be lower than that of tur
(Merton, 1966a; Gravatt, 1971; O’'Donnell & Dilks, 1994).
Their access to nectar resources may be restricted
by dominant behaviour of tu1, particularly when nectar
sources are limited (Rasch & Craig, 1988; Anderson &
Craig, 2003).

Hihi also have high dependence on nectar (Gravatt,
1971), however their access to nectar sources is highly
constrained by more dominant tur and bellbird (Rasch
& Craig, 1988; Anderson & Craig, 2003; Murphy &
Kelly, 2003). Gravatt (1970) observed hihi to be more
bound to territories for food, and tended to only access
ornithophilous flowers (e.g., pohutukawa) if they were
close to the territory. On Tiritiri Matangi, hihi receive
supplementary food (Thorogood et al., 2013) to assist
their survival in winter when competition with bellbird
is most intense. Supplementary feeding stations are



Species Average dietary proportion (annual range) (%) References®
Nectar Fruit Invertebrates

tor 50 (37-98) 4 (1-8) 16 (13-35) (1,2, 3)

bellbird 54 (46-81) 3 (1-8) 27 (13-53) (1,2,3,4)

hihi 66 (29-89) 12 (4-20) 18 (16-19) (2,3, 4)

saddleback 8 (4-19) 20 (4-45) 50 (31-86) (56 7 8)

kokako 1 44 (14-52) 8 (5-29) (?)

Table 1. Dietary componentsa of indigenous nectarivorous bird species recorded in northern New Zealand habitats.

a) Vegetation and unidentified foods are omitted from the table.

b(1) Merton, 1966b; (2) Gravatt, 1971; (3) Rasch & Craig, 1988; (4) Roper, 2012; (5) Atkinson, 1964; (6) Merton, 1966a; (7) Atkinson,

1966; (8) Blackburn, 1967; (9) Powesland, 1987; (10) Moeed, 1979.

positioned within a mesh cage that excludes the larger
tut from the resource.

Research on Tiritiri Matangi during the early stages
of ecological restoration identified pohutukawa as the
main nectar source during the breeding season of
nectarivorous birds (Rasch & Craig, 1988; Anderson
& Craig, 2003). This is consistent with observations
elsewhere (e.g., Gravatt, 1970) that indicate that few
other plant species are visited by tur and bellbird when
the pohutukawa is in flower. Poor flowering of such
important plant species, particularly Metrosideros,
has been suggested as having a marked effect on the
survival and breeding success of nectarivores (Gravatt,
1970). This suggests that loss of pohutukawa would
increase the demand for nectar at other flowers during
the December-January flowering period, and inevitably
increase competition between the birds.

The Myrtaceae, however, are not the only source
of nectar for fauna on Tiritiri Matangi. The revegetation
of the island has resulted in an increase in diversity and
abundance of angiosperms (Cameron & Davies, 2013),
with nectar available all year round (Table 2a), although
the quantity will vary seasonally, and depend on whether
the species have an ornithophilous, entomophilous or
generalist pollination strategy. Since almost all nectar
sources can be used by each nectarivorous bird species
(Gravatt, 1970), the loss of Myrtaceae may be offset, at
least partially, by the availability of nectar from plants
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in other families. Although the flowering angiosperms
on the island are dominated by entomophilous and
generalist forms, such flowers have been shown to be
of significant value to nectarivorous birds (Castro &
Robertson, 1997).

Rasch & Craig (1988) considered tui-hihi competition
to be less intense than that of bellbird-hihi. This is
explained by the extensive use by hihi of small low-
energy-value entomophilous flowers (Rasch & Craig,
1988; Castro & Robertson, 1997) (Figure 3a). Given the
behavioural dominance of tur and their requirement for
nectar, aloss of Myrtaceae flowers may see them switch
to greater use of entomophilous and generalist flowers,
further increasing the intensity of competition between
all nectarivous birds. Revegetation on Tiritiri Matangi
has also resulted in extensive areas of pohutukawa,
the result of an unexpectedly high survivorship rate of
the planted seedlings, many of which, however, have
never flowered (Forbes & Craig, 2013). This suggests
that other angiosperms with largely entomophilous
and generalist pollination strategies may already be
providing significant nectar resources on the island
(Anderson, 2003; Roper, 2012).

Another source of carbohydrates for birds is fruit,
which has the potential to offset any loss of Myrtaceae
nectar, particularly at times of peak demand. All
nectarivorous birds take fruit, with the proportion of
fruit in the hihi diet shown to be higher than that of tui



Table 2:
Flowering (a)
and fruiting (b)
phenology?

of plants
present on
Tiritiri Matangi
Island, and
observed
both on Tiritiri
Matangi and
elsewhere to
be used as
sources of
nectar and
fruit by New
Zealand fauna
species.
Shading
indicates plant
abundance on
the island®.

(a)

(b)

-= abundant -= locally common, occasional

Floral Energetic | Winter | Spring | Summer | Autumn | .
. C

Species strategyd retumn® J J A S o N D J E M A M References
Myrtaceae:
Leptospermum scoparium E 4 (1)
Kunzea robusta E 4 (2,3)
Metrosideros excelsa o 1 (4,5,6,7,8)
Acca sellowiana * G 2 9)
Eucalyptus saligna * E 1 (7,8)
Rhabdothamnus solandri (0] 4 (1,10, 11)
Rosmarinus officinalis * E 5 (3)
Vitex lucens o 2 (4,5,6,11,12)
Pseudopanax arboreus G 1 (4,5,6,13)
Dysoxylum spectabile E 2 (4,5,6,10, 11)
Veronica spp. E 5 (2,4, 11,14, 15)
Clematis paniculata E 2 (8,12)
Sophora chathamica (e} 1 (5,6, 13)
Pittosporum crassifolium E 2 (5,6, 19)
Pittosporum umbellatum E 1 (4,11)
Erythrina x sykesii * (¢] 1 3,17)
Corynocarpus laevigatus E 5 (4,10, 14)
Alseuosmia macrophylla o 4 (4,5,6,11)
Leucopogon fasciculatus E 5 (4, 5)
Phormium tenax o 1 (5,6,7,13)
Geniostoma ligustrifolium G 3 (9, 18, 19)
Myrsine australis E 5 (14)
Parsonsia heterophylla E 3 (1, 14, 20)
Knightia excelsa 0 1 (4,4,5,11)
Cordyline australis E 1 (6, 13)
Carmichaelia australis G 5 (8, 16)
Ripogonum scandens E 2 (10)
Myoporum laetum E 3 (1, 6, 20)
Beilschmiedia tarairi E 5 (20)
Melicytus ramiflorus E 4 (4, 8,18)
Rhopalostylis sapida E 3 (14)
Muehlenbeckia australis E 4 (9)
Pseudopanax lessonii E 2 (6)
Beilschmiedia tawa E 5 (6)
Hoheria populnea E 3 (2, 14)
Schefflera digitata E 4 (4, 14, 18, 20)
Astelia banksii E 5 (14, 21)
Paraserianthes lophantha * (e] 1 (2, 6, 22, 23)
Species® References’

Coprosma spp. (15, 18, 24, 25, 26)

Piper excelsum (25, 27, 28)
Ripogonum scandens (10,16, 27)
Phytolacca octandra * (15, 24)
Vitex lucens 4,5,6,11,12)
Rhopalostylis sapida (14)
Pittosporum crassifolium (5, 6, 8, 24)
Pseudopanax arboreus (4,5,6,13,15)
Myrsine australis (8, 14, 15, 26)
Leucopogon fasciculatus (4,5, 18, 27)
Pittosporum umbellatum 4, 11)
Alseuosmia macrophylla 4,5,6, 11, 18)
Geniostoma ligustrifolium (9, 16, 18, 23)
Melicytus ramiflorus (4, 8, 15, 18, 25)
Muehlenbeckia australis (9, 15, 25, 27)
Coriaria arborea (8, 15, 18, 28)
Cordyline australis (6, 13, 15, 26)
Parsonsia heterophylla (1,14, 19)
Schefflera digitata (4, 8,13, 14,18, 19)
Dacrycarpus dacrydioides (26, 27)
Pseudopanax lessonii (6, 10)
Astelia banksii (14, 21)
Hedycarya arborea (8)
Podocarpus totara (15, 26)

Myoporum laetum
Dysoxylum spectabile

(1,6, 15, 19)
(4,5,86,10, 1)

a Flowering & fruiting: Moore & Edgar (1970); Allan (1982); Bryant (1994); Dawson & Lucas (2000); New Zealand Plant Conservation Network (2017).
» Abundance based on observations, M. Galbraith and H. Cooper (after Cameron & Davies 2013).
¢ After Cameron & Davies (2013) and de Lange (2014). * = exotic species.
4 Pollination strategy: O = ornithophilous; E = entomophilous; G = generalist (after Castro & Robertson 1997; Spurr et al. 2011; Kelly et al. 2010).
e Relative energetic return based on floral types: 1 = clumped rich; 2 = dispersed rich; 3 = clumped moderate; 4 = dispersed moderate;
5 = "insect" flowers (after Feinsinger & Colwell 1978; Ford & Paton 1982; Rasch & Craig 1988; Castro & Robertson 1987).

(1) Craig 1985; (2) Baker 1986; (3) M. Galbraith pers obs.; (4) Gravatt 1970; (5) Godley 1979; (6) Craig et al. 1981; (7) Dept. of Lands & Survey 1982;
(8) O'Donnell & Dilks 1994; (9) B. Walter pers obs.; (10) Merton 1966a; (11) Rasch & Craig 1988; (12) Atkinson 1964; (13) Spurr et al. 2011; (14)
Castro & Robertson 1997; (15) Baker 1999; (19) Anderson 2003; (17) Turbott 1953; (18) Perrot 1997; (20) Craig & Douglas 1984; (16) Heenan & De
Lange 1999; (21) Castro 1995; (22) Hawley 1997; (23) Supporters of Tiritiri Matangi 2013; (24) Anderson & Craig 2003; (25) Dilks 2004; (26) Berguist
1987; (27) Williams & Karl 1996; (28) Perrott & Armstrong 2000.

Perspectives in Biosecurity 2/2017 12



Figure 3. Nectarivorous birds feeding on nectar of entomopbhilous flowers: (a) tur (Prosthemadera novaeseelandiae)
feeding on karo (Pittosporum crassifolium), and (b) hihi (Notiomystis cincta) feeding on hangehange (Geniostoma
ligustrifolium). (Photos: © Martin Sanders)

and bellbird (Table 1). The proportion of indigenous
angiosperms that produce fleshy fruits is greater in
the northern North Island compared to the rest of New
Zealand (Kelly et al., 2010), with most fruiting between
November and April, and peaking December-February
(Wotton & McAlpine, 2015). The vegetation changes
on Tiritiri Matangi over the past 33 years have resulted
in increased diversity and abundance of understory
angiosperms (Cameron & Davies, 2013) that provide
fruit throughout the year (Table 2b).

A further source of energy-rich carbohydrate
available in some New Zealand habitats is honeydew,
a mixture of excess carbohydrates and water excreted
by sap-feeding scale insects (Beggs & Wardle, 2006).
Honeydew has been shown to be an important food for
nectar-feeders in South Island habitats, where it provides
a year-round supply of high-energy sugar (Gaze & Clout,
1983). Honeydew is present on Tiritiri Matangi Island, as
evident by the presence of the sooty mould associated
with the scale insects that produce honeydew (Gardner-
Gee &Beegs, 2009; Supporters of Tiritiri Matangi, 2013).
Bellbird have been recorded accessing this resource on
the island (Roper, 2012), and both tur and bellbird have
been observed feeding on honeydew on other northern
islands (Towns, 2002). Observations elsewhere of birds
feeding from bark where consumption of invertebrates
was not confirmed (e.g., Gravatt, 1971), may easily have
been birds feeding on honeydew.

Where plant communities are dominated by
Myrtaceae species, a loss of habitat as a result of
myrtle rust is likely to have a significant impact on
avifauna. The impact of the loss of Myrtaceae nectar,

Perspectives in Biosecurity 2/2017

however, may be minimal if there is sufficient diversity in
plant communities to provide nectar and fruit from other
plants. Nonetheless, a reduction in the availability of
pohutukawa nectar during the peak demand period, for
breeding tur in particular, may constitute high potential
for impact, albeit over a short period.

On Tiritiri Matangi, supplementary feeding is
currently in place for hihi, with bellbird also having access
to this resource (Supporters of Tiritiri Matangi, 2013).
This supplementary sugar will alleviate any increased
competition in the absence of Myrtaceae, although
the volume of sugar required would inevitably increase
and be dependent on the availability of personnel to
maintain the resource. The needs of tuil, particularly
during a reduced seasonal peak of pohutukawa nectar,
may be met through supplementary feeding, though
careful management of the feeding structures would be
required to prevent tu1 from dominating every site.

Reptiles

The Raukawa gecko (Woodworthia maculatus),
Duvaucel's gecko (Hoplodactylus duvaucelii) and the
elegant (green) gecko (Naultinus elegans) are present on
numerous northern islands (McCallum & Harker, 1982;
Towns & Robb, 1986; Jewell, 2008) including Tiritiri
Matangi. All three species are known to feed on nectar
sources as available seasonally (Figure 4a) (McCann,
1955; Whitaker, 1987; Evans et al., 2015).

Both Raukawa and Duvaucel's geckos have been
observed feeding on Metrosideros nectar at peak
flowering (Eifler, 1995; Evans et al., 2015). There is,
however, strong evidence of resource partitioning
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Figure 4. Raukawa gecko (Woodworthia maculatus) feeding on (a) flax (Phormium tenax) nectar (Photo: © Neil Fitzgerald), and
(b) kawakawa (Piper excelsum) fruit (Photo: © Debra Wotton, Moa’s Ark Research).

between species, with Evans et al. (2015) suggesting
that, overall, flax nectar may be a more significant
nectar source for Raukawa gecko, and honeydew more
important for Duvaucel's gecko. The elegant gecko
tends to be arboreal, and is recognised as having a
strong association with manuka (Sharrell, 1966; Forster
& Forster, 1970; Lindsey & Morris, 2000; Jewell,
2008). The diet of the elegant green gecko is primarily
invertebrates (McCann, 1955; Bull & Whitaker, 1975) but
nectar, presumably from manuka flowers, is also taken
(McCann, 1955).

The loss of Myrtaceae habitat and nectar resources
will impact on geckos, but to varying degrees depending
on the species. Geckos are seasonally opportunistic,
visiting a range of plant species for nectar and fruit
(Olesen & Valido, 2003; Evans et al., 2015). This flexibility
may offset the impact of any loss of Myrtaceae nectar
for these taxa. The fruit of Coprosma species, kawakawa
(Piper excelsum) (Figure 4b), pohuehue (Muehlenbeckia
complexa), mingimingi (Leucopogon fasciculatus) and
inkweed (Phytolacca octandra), all either abundant or
locally common on Tiritiri Matangi (Cameron & Davies,
2013), have been recorded in the diet of one or more
of the gecko species present on the island (Whitaker,
1987; Wotton, 2002; Knox et al., 2012). Collectively,
these plants provide fruit all year round. Other sources
of carbohydrate-rich foods used by geckos, also present
on Tiritiri Matangi and available all year round, are
honeydew and flax sap (Evans et al., 2015).

The elegant gecko may be at greatest risk given its
close association with manuka, both from habitat and
nectar perspectives. However, other Naultinus species
elsewhere in New Zealand inhabit a range of plant taxa,
e.g., species of Coprosma, Muehlenbeckia, Pittosporum
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and Olearia, and tauhinu (Ozothamnus leptophyllus)
(Hare et al., 2007). All of these plant taxa are present
on Tiritiri Matangi, and are generally well represented in
the regenerating areas alongside manuka (Cameron &
Davies, 2013).

We suggest that the niches of gecko species appear
sufficiently flexible to minimise the impact of the loss or
degradation of Myrtaceae.

Bats

New Zealand has two extant endemic species of bat,
the long-tailed bat (Chalinolobus tuberculatus) and the
lesser short-tailed bat (Mystacina tuberculata), each with
a differing relationship with the Myrtaceae.

The long-tailed bat (Chalinolobus tuberculatus) is
distributed widely throughout northern New Zealand,
including a number of Hauraki Gulf islands (O'Donnell,
2001a; O’'Donnell et al., 2010). The species is an aerial
insectivore known to inhabit a variety of forest types
(O’Donnell, 2001a), including coastal pohutukawa forests
(Arkins et al., 1999), and has been observed to feed over
regenerating manuka and kanuka shrublands (O'Donnell,
2001b). Any degradation of habitats and invertebrate
resources as a result of myrtle rust may affect local
populations of the long-tailed bat, but the species is
likely to have sufficient ecological flexibility to avoid the
impacts of such degradation. There is evidence that
long-tailed bats were formerly present on Tiritiri Matangi
(Supporters of Tiritiri Matangi, 2013), and the species
has been identified as having potential for reintroduction.
The loss of myrtaceous habitat or food resources on the
island due to the effects of myrtle rust may jeopardise
such a reintroduction.



Pattemore and Wilcove (2012) propose a significant
pollination relationship between the short-tailed bat
(Mystacina tuberculata) and pohutukawa, and the
brush structure of the pohutukawa flower is consistent
with chiropterophily (pollination by bats) (Newstrom &
Robertson, 2005). In northern New Zealand, the lesser
short-tailed bat is now restricted to Hauturu-o-Toi/Little
Barrier Island and localised populations in Northland
(O'Donnell et al., 2010). The species is generally
restricted to the interior of old growth forests, but will
forage in coastal forests for nectar, including that of
pohutukawa (Arkins et al., 1999; Lloyd, 2001; Pattemore
& Wilcove, 2012). This suggests that loss of myrtaceous
nectar will have some impact on the species, particularly
on Hauturu-o-Toi. However, given the short flowering
season of pohutukawa, and the omnivorous diet of the
short-tailed bat that includes nectar from a wide variety
of plant taxa (Daniel, 1976; Lloyd, 2001), this impact
may be minimal, at least for the Hauturu-o-Toi population.
Pattemore and Wilcove (2012) advocate the restoration
of short-tailed bat populations following invasive mammal
eradications, such as the removal of kiore/Pacific rat
(Rattus exulans) from Tiritiri Matangi (Veitch, 2002), to
restore a pollination function. Although the recovery plan
for the short-tailed bat includes an objective to establish
new populations on suitable islands (Molloy, 1995)
where myrtaceous vegetation is prevalent, there are
no current intentions to reintroduce populations to any
island or mainland locations in northern New Zealand (C.
O’Donnell, personal communication, October 25, 2017).

Invertebrates

It is expected that the coastal and replanted pohutukawa
forests such as those on Tiritiri Matangi, and the
regenerating kanuka and manuka shrub communities,
will contain a diversity of invertebrates and ecological
relationships (Dugdale & Hutcheson, 1997; Derraik et
al., 2001; Harris et al., 2004). Although the information
about such communities dominated by Myrtaceae is
not strong, there is some evidence that characteristic
invertebrate faunas are associated with pohutukawa,
kanuka and manuka (Hosking & Hutcheson, 1993; Harris
et al., 2004; Hood, 2016).

The names of a number of invertebrate species,
mostly endemic (Bergin & Hosking, 2006), indicate a
specific association with the Myrtaceae: spotted manuka
moth Declana leptomera (Crowe, 2002); pohutukawa
leaf miner Neomycta rubida (May, 1993); a weevil
Neocyba metrosideros (Kuschel, 2003); the manuka
chafer Pyronota festiva (Crowe, 2002); scale insects
Eriococcus leptospermi (Stephens et al., 2005), manuka
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giant scale Coelostomidia wairoensis (Morales, 2000),
Lecanochiton metrosideri (Hodgson & Henderson, 2004)
and the pohutukawa button scale L. actites (Landcare
Research, 2017); a gall fly (Fergusonina metrosiderosi)
and its associated nematode (Fergusobia pohutukawa)
(Taylor et al., 2007). Myrtaceous flowers (dish/bowl or
brush) have a structure consistent with insect pollination
(Newstrom & Robertson, 2005), and are accessed
by a wide variety of insect taxa for nectar (Primack,
1978). This suggests that myrtaceous nectar will play a
significant role in ecosystem function, and that mutalistic
relationships are likely.

The honeydew produced by scale insects can be an
abundant year-round resource readily available to other
species. Scale insects may thus play a pivotal role in the
flow of energy in communities where they are present, to
the point where they fulfil a keystone species role (Beggs
& Wardle, 2006). A number of scale insects have a host-
specific relationship with the Myrtaceae. All four of the
button scales (Lecanochiton spp.) are endemic to New
Zealand, and are host-specific to the genus Metrosideros
(Hodgson, 2000). Gardner-Gee & Beegs (2009) identify
four further scale insect species with a close relationship
with Myrtaceae: Coelostomidia wairoensis, Eriococcus
leptospermi, E. campbelli and E. orariensis. These were
recorded in sufficiently high infestations in kanuka and
manuka forests in the Auckland region for the forests
to be considered honeydew-influenced (Gardner-Gee &
Beegs, 2009). Such mutualistic relationships between
scale insects and myrtaceous hosts are at risk from
the effects of myrtle rust. Furthermore, since scale
insects are considered to be keystone species, negative
impacts have the potential to generate flow-on effects
within communities.

The Myrtaceae are also common hosts of the New
Zealand stick insects (Buckley et al., 2010a; Buckley
et al., 2010b), and in some cases the association may
be significant. As early as 1955, Salmon pointed out
potential obligate relationships between stick insects
and species of Myrtaceae. For example, the smooth
stick insect (Clitarchus hookeri) may require a diet of
manuka to complete its life cycle, prickly stick insects
(Acanthoxyla spp.) require Metrosideros species (in
particular M. excelsa or M. robusta), whereas the New
Zealand giant stick insect (Argosarchus horridus) appears
to require ramarama (Lophomyrtus bullata) (Salmon,
1955). The smooth stick insect has been recorded on
Tiritiri Matangi (Milton, 2016), however, little is known
about its ecology on the island.

Loss or degradation of Myrtaceae habitats due



to myrtle rust will impact on associated invertebrate
communities, particularly those with a mutualistic
relationship with the family. However, further work
assessing and recording Myrtaceae-invertebrate
relationships is needed to better understand the
potential impacts of myrtle rust.

Summary

As keystone species, the degradation or loss of the
Myrtaceae will have long-term and potentially devastating
impact on the associated habitats. The composition of
communities would likely change as other plant species
colonise following the release of competitive constraints.
Such changes will have significant impact on faunal
populations, potentially generating flow-on effects (e.g.,
trophic cascades) within ecological networks. Such
effects on ecological relationships are hard to predict,
but this uncertainty is typical of incursions of new alien
species.

O'Donnell and Dilks (1994) suggest that the broad
omnivorous diets of the New Zealand nectarivorous
birds is a function of generalist niches associated
with isolated temperate island systems. Although it is
acknowledged that nectar-feeders have complex feeding
strategies that include sequential specialisation from
season to season, it is possible that that the niche
flexibility associated with the generalist ecology bodes
well for future environmental challenges such as the
impacts of myrtle rust. This may apply equally to reptile
fauna. The greatest risk is likely to lie with invertebrates
that have an obligate relationship with Myrtaceae, and
thus less flexibility in their ecological niche. For these
species, the impact of myrtle rust would almost certainly
result in population declines, and may require refugia
(such as Tiritiri Matangi) maintained through targeted
management of incursions of myrtle rust, if this proves
feasible.

The nectarivorous birds and geckos on Tiritiri
Matangi are unlikely to experience acute impact from
myrtle rust because of their ecological flexibility and
the availability of alternative carbohydrate sources.
If these alternative sources prove limiting, additional
supplementary feeding may be required. The presence
of five nectarivorous bird species on Tiritiri Matangi,
however, may represent a worst-case senario because
in most locations in northern New Zealand, saddleback,
hihi and bellbird are absent as are the short-tailed bat
and many reptiles.

Ecological restoration of islands and mainland
sanctuaries has delivered the re-establishment of
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indigenous communities (Butler, 2014). The diversity
of indigenous plants here may mitigate the impacts of
myrtle rust over time. However, in non-restored locations
where indigenous biodiversity may be considered
to be most impoverished (Lee & Lee, 2014), the loss
of myrtaceous nectar may still have impact through
increased competition between common indigenous and
exotic nectarivores, e.g., tur, silvereye, starling (Sturnus
vulgaris), sparrow (Passer domesticus), honeybee (Apis
mellifera) and wasps (Vespula and Polistes spp.) (McCann,

1964; Godley, 1979; Butz Huryn, 1995; Clapperton,

1999). Nevertheless, in these locations, particularly on

the mainland, exotic angiosperms may offer alternative

sources of nectar (Godley, 1979; Spurr et al., 2011).

As with any incursion of an alien species, the full
ecological impact of the arrival of myrtle rust on New
Zealand ecosystems will not be known until after a
period of establishment during which its distribution will
be localised and its effects variable. This establishment
period, however, provides the opportunity for a
precautionary management approach, and to implement
in advance actions to mitigate the potential impacts of
the pathogen. The effects of myrtle rust may take several
years (at worst, though potentially longer in the case of
aged pohutukawa) to take effect since only new growth is
affected (Carnegie et al., 2016). This would afford time
to implement measures to mitigate the impact. These
measures could include:

1. the development of a phenology of nectar and fruit-
bearing angiosperms to identify seasonal gaps in
nectar/sugar availability;

2. undertaking supplementary plantings to facilitate a
continuous flowering cycle, and/or specific plantings
of known sugar-rich ornithophilous resources;

3. undertaking plantings of known non-Myrtaceae hosts
of scale insects, e.g., Pittosporum crassifolium,
Myoporum laetum;

4. consideration of whether seasonal supplementary
feeding of sugar water is necessary for nectarivorous
birds as a short-term measure while ecosystems
readjust;

5. consideration of whether planting or retention
of exotic plant species is necessary, even as an
intermediate measure, to supplement seasonal
nectar;

6. selection of resistant strains of Myrtaceae, if any,
for propagation and ultimate revegetation;

7. support of research into obligate associations
between invertebrates and the Myrtaceae to inform
future conservation needs.
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Alien Nation: Art serving science
and science serving art

Hamish Foote, Dan Blanchon, Nick Waipara and Glenn Aguilar

Abstract

New Zealand has stringent biosecurity measures to prevent and manage the invasion of new organisms, many of which
have harmful effects on human health, wealth and culture, or the natural environment. However, public resistance to
control methods, or a lack of awareness of the impacts of invasive species, can act to prevent effective management
of the risks. Art has a role in promoting conversation and debate about controversial issues. The premise of Alien
Nation is to use scientific data and modelling to predict possible future invasion scenarios for selected plant and
animal species, and to then use art to depict and explore these scenarios in a way that challenges perception. The
first species to be modelled is the Queensland fruit fly (Bractocera tryoni), and its potential interaction with taraire
(Beilschmiedia tarairi), a New Zealand native tree species. Modelling shows that there is a high likelihood of the
Queensland fruit fly spreading widely in New Zealand and coming into contact with taraire forests. Based on what
is already known of the impacts of the Queensland fruit fly on the fruits of a range of species, and of the ecology of
taraire, it is likely that the consequences for taraire and its broader ecosystem would be severe. The watercolour
painting Fly in the Ointment explores this scenario, a scene that does not and may never exist. The painting requires
the viewer to see the impacts of a possible invasion on native biodiversity, an examination through the lens of cultural
rather than fiscal currency.

Introduction a harmful effect on human health, culture, agriculture
or the natural environment. However, many introduced
organisms are already present within the country,
arriving as deliberate introductions or accidentally,
and incursions of new species occur regularly. A large
amount of funding is allocated for the detection of these
exotic invaders, research into their impacts and control,
and public advocacy and social marketing.

Many potentially invasive species have not yet
reached New Zealand. Some species are present in the
country but in low numbers, or with a limited distribution
(Royal Society of New Zealand, 2014). Future climate
change may affect the ability of organisms to invade,
and any subsequent impacts they may have.

Art has a potential role in exploring and addressing
these issues, whether it is examining and depicting the
past, raising awareness of invasive species, promoting
conversations and debate around controversial issues, or
warning of possible future consequences of our actions.
The ultimate success in biosecurity is the prevention of
an invasion, or the eradication of an invasive species.
Art can depict a scene that no longer exists or one that

The colonisation of New Zealand by humans brought
thousands of new exotic plant and animal species,
many of which are now invasive (Lee et al., 2006).
Deliberate introductions of animals for hunting and/or
food, and plants as horticultural or pasture crops or just
as reminders of home were made by acclimatisation
societies in the 1860s. The effects of these invasive
species on our landscapes are now managed nationally
by government, industry and iwi. Efforts are made to
prevent incursions by new invasive species at the border
and to eradicate or control those pest species already in
the country. These efforts are not without controversy:
there is resistance to the use of toxins to control pest
species; some species may have cultural significance or
may be considered to be a resource; some sections of
society may believe that it is wrong to kill pest animals;
and much of the population remains unaware of the value
of the native biota and the threat invasive species pose.

New Zealand has stringent biosecurity measures in
place to prevent and manage the invasion of new plants,
animals and other organisms, many of which can have
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does not yet, and may never, exist.

The idea of the Alien Nation project is to use scientific
data and modelling to predict possible future invasion
scenarios for selected plant and animal species, and to
use art to depict and explore those scenarios in a way
that could challenge public perceptions.

Art serving science

There is a long history of association between art and
science with naturalistic depictions of flora and fauna an
essential element of sciences such as botany, zoology
and geology. As early as AD 512 botanical illustrations
were generated to accompany a copy of the text De
Matera Mediaca by the Greek physician Pedanius
Dioscorides (AD c.40-c.90) (Stokstad, 1995). In The
History of Animals, a five-volume study, published by
the Swiss naturalist Konrad Gesner (1516-1565), there
are nearly twelve hundred woodcut illustrations. This
tradition accelerated during the Age of Enlightenment
with yet more publications by scientists and natural
historians. Relatively recently and closer to home the
ornithologist Sir Walter Buller (1838-1906) published A
History of the Birds of New Zealand (Buller, 1888), which
features illustrations by the Dutch artist, J. G. Keulemans
(1842-1912).

It is interesting that ... [this tradition]
continues ... despite the advent of photography.
Most field-guides to birds — including the current
New Zealand field-guide — use paintings of
birds. The individual bird image, contrived in the
postures, can be arranged on the page to make
comparisons of distinguishing features obvious
and easy (Gill, 2006).

The field of paleontology also gives us some good
examples of the use of art to depict scientific concepts.
Direct observation or photography of prehistoric
animals, plants and landscapes is not possible. However,
artists’ impressions of reconstructed landscapes can
be created from a range of geological data sources
including fossils (Northcut, 2011). There are numerous
early examples from geologists such as Henry Thomas
De la Beche (1830), Louis Figuier (1867), Charles Knight
(1925), Arthur Seward (1933), and Carroll and Mildred
Fenton (1937) (Davidson, 2008), and such images are
commonplace in modern textbooks. In addition, the
artist can emphasise key features of a species that are of
importance taxonomically or ecologically, showing what
they “think should be known” (Northcut, 2011, p. 311).
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One can read and reach a certain level of understanding
about them and what they could do; seeing, however is
believing (McGowna-Hartman, 2013).

...experts and non-experts must rely
exclusively on representations - images ...
to shape our understanding of paleontology.
... The importance of images in constructing
paleontology  knowledge cannot be
overemphasised. (Northcut, 2011, p.311)

Exploration of the past: Colonisation and
ramifications

The negative perception of exotic or invasive speciesis a
relatively new phenomenon in New Zealand. Many exotic
plant and animal species were deliberately introduced.
Early importations of species to New Zealand were
uncoordinated, and the work of individuals. Captain
James Cook (1728-1779) for example, during his voyages
to the Pacific, liberated the ‘Captain Cooker’ pig:

. in Queen Charlotte Sound...he made the
Maori to whom he gave the pigs promise not to
kill them. “If he keeps his word and proper care
is taken,” the navigator wrote in his diary, “there
are enough to stock the island in due time.”
(Hutton & Drummond, 1905, p. 22

These activities were consolidated and accelerated
a century later by acclimatisation societies. An image
of the time (Figure 1), which fuelled the business of
colonisation, reveals the success of their endeavours:
a transformed landscape. A tame New Zealand is
depicted complete with stock-covered rolling pasture
and the quintessential British game bird, the pheasant,
plentiful. With beef and game in abundance the issue of
sustenance (the lack thereof), identified and addressed
so pragmatically by Cook, is depicted to be well and
truly resolved.

There were, however, early warning signs that all
was not well with the introduction and naturalisation of
exotic species. The famous Maori prophet and pacifist Te
Whiti of Parihaka (c.1830-1907), speaking to the colonial
official J. P. Ward of the sparrow and pheasant, bemoans
their arrival along with the ensuing ramifications:

... it was not good work bringing those birds out
here; they eat all the potatoes and the oats; they
are not good birds to bring out. ... [W]ere there
not plenty of good birds in New Zealand that eat
no man'’s food? (McDowall, 1994, prelims)
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Figure 1. Frederick Rice Stack, View of the Wairoa Creek
(pheasant shooting on the estate of Alexander Kennedy,
Esquire) on the road leading to the Wairoa Valley / drawn

from nature. Day & Son, lithographers to the Queen, London
[1862]. Courtesy of Alexander Turnbull Library, Wellington, New
Zealand.

The impacts of some species have been overlooked
quite deliberately. Rainbow and brown trout and salmon
have enjoyed adulation and reverence by both locals
and tourists. Furthermore, law has protected this
cossetted and precious resource from overfishing.
Now naturalised, however, trout have been implicated
in the extinction of at least one native freshwater fish,
the grayling (Hansford, 2012). It is a proven threat for
other indigenous species such as the Canterbury and
alpine galaxias. “Researchers are calling for trout to
be removed from some streams to protect threatened
species of [these] small native fish” (Daly, 2013, para. 1)

This reality stands in stark contrast to the popular
and picturesque depictions of New Zealand trout fishing.
It would seem that many of the species introduced to
New Zealand over the years are at one time promoted
(trout fishing imagery springs to mind) and perceived as
valuable, and yet in the fullness of time, once naturalised,
prove problematic. Possums, rabbits, mustelids, pigs,
carp, trout and wallabies (Department of Conservation,
n.d.), all introduced with either noble or mercantile
intentions, attest to this.

One period of sustained deliberate introduction
of exotic species to New Zealand by Colonial British
Governor Sir George Grey (1812-1898) was the focus of a
2002 series of paintings entitled Biota, by Hamish Foote.
The works concentrated on the Governor’s Kawau Island
residence and referenced, amongst other sources, the
Auckland Acclimatisation Society and Department of
Conservation historical records of both introduced and
existing species of flora and fauna.

The painting Allegorical Triumph of Sir George (Figure
2) makes parallels between aspects of the fifteenth
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Figure 2. Hamish Foote, Allegorical Triumph of Sir George Grey,
egg tempera on gessoed kauri panel, 2002.

and nineteenth centuries, in particular the omnipotent,
God-like human activities of, for example, Federico
da Montefeltro (1422-1482) and Sir George Grey. To
reinforce this, the image appropriates the compositional
framework of Renaissance artist Piero della Francesca’s
(c.1415-1492) Allegorical Triumph of the Federico da
Montefeltro, ca. 1465. (Uffizi Gallery, Florence). Grey,
an avid natural history enthusiast, appears in the zebra-
drawn carriage he was known to possess before a
panorama of his South Pacific domain. Cleared land,
smoke and an assortment of exotic species are evidence
of colonial activity.

Exploration of the present: Inflorescence

Exotic and native species in particular mutualistic and
parasitic relationships between species provided the
subject matter in 2012 and 2013 for an interdisciplinary
research collaboration between botanist Dan Blanchon
and artist Hamish Foote entitled Inflorescence. The
investigation culminated with an exhibition and journal
article exploring a series of biological scenarios (Foote
& Blanchon, 2013).

The image Ramification (Figure 3) concerns the
relationship between the feral pig and New Zealand
kauri tree, in particular the implication that the former
plays a vectoring role in the spread of the pathogen,
Phytophthora agathidicida, which causes kauri dieback
(Bassett et al., 2017; Krull et al., 2013; Waipara et al.,
2013; Weir et al., 2015).

The New Zealand kauri (Agathis australis) shown in
Ramification is infected by the invasive plant pathogen,
kauri dieback, which will eventually lead to its death.
Kauri, an ancient conifer in the Araucariaceae family,
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Figure 3. Hamish Foote, Ramification, egg tempera on gessoed
panel, 2013.

was a dominant tree of lowland forests in northern New
Zealand. Following excessive exploitation for timber
during the nineteenth and early twentieth centuries, it is
today restricted to relatively small fragments (Steward
& Beveridge, 2010). Kauri is an iconic species that
is significant to all New Zealanders and a culturally
significant taonga (treasure) species to indigenous Maori.
Ecologically, kauri is also a keystone species supporting
aunique indigenous ecosystem and biodiversity (Steward
& Beveridge, 2010; Waipara et al., 2013).

The Berkshire and Large Black breeds of pig (Sus
scrofa) depicted in the image Ramification are English
domestic breeds, corresponding to a common view that
the first pigs released in New Zealand came from there.
Feral pigs in the South Island in particular are derived
from 14 breeds from Polynesia, Europe and Asia, nine
of which were English breeds, and it is likely that the
pigs released by Captain Cook were of Polynesian and
Eurasian origin (Clarke & Dzieciolowski, 1991).
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Exploration of the future (prediction): Alien
Nation

The relationship between science and art, a recurring
theme in the aforementioned paintings, culminates in the
current project, Alien Nation, where science serves art
and art in turn serves science. The concept and ongoing
investigation grew from initial discussions between
Foote, Blanchon, Glenn Aguilar, an expert on computer
modelling using geographic information systems (GIS),
and Nick Waipara, a biosecurity expert at Auckland
Council. The Alien Nation project aims to predict the
potential spread of selected invasive organisms in New
Zealand using GIS under both current and predicted
future climate conditions and to depict possible future
landscapes and/or biological relationships. The four
researchers are interested in the fertile synergy between
art and science.

Foote, Blanchon, Waipara and Aguilar reviewed the
most significant invasive species threats to New Zealand
— looking at likelihood of invasion and potential impact
(economic, cultural, environmental or human health).
Some of these species were potential threats, some
very real — either they had invaded New Zealand once,
or were already in the country and spreading. Of these
species, five were ‘shortlisted’, based on environmental
risk attributes, and also on how compelling they would
be in art. The shortlist included the Chinese fan palm
(Trachycarpus fortunei), red eared slider (Trachemys
scripta elegans), European alpine newt (Ichthyosaura
alpestris), red vented bulbul (Pycnonotus cafer) and the
Queensland fruit fly (Bractocera tryoni). The potential
geographic spread of two of these species, the
Queensland fruit fly (Aguilar et al., 2015) and the Chinese
fan palm (Aguilar et al., 2017) has now been modelled
under current and future climate scenarios. For the
Queensland fruit fly, an investigation of its possible
impacts on native flora and fauna was carried out, the
results of which were used to inform the creation of an
image.

The Queensland fruit fly and its possible
impacts on native species

To determine the subjectsinthe painting, itwas necessary
to investigate which host plants the Queensland fruit fly
would potentially favour. The Queensland fruit fly is a
significant horticultural pest in Australia and parts of
the Pacific (Clarke et al., 2011; Drew, 1989; White &
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Figure 4. Predicted presence and absence of the Queensland fruit fly and taraire in New Zealand under current and future climatic
conditions for 2050 and 2070 using lower emission (RCP2.6) and higher emission (RCP8.5) scenarios.

Elson-Harris, 1992). While not currently present in New
Zealand, several incursions have occurred, the most
recent one in 2015 (Aguilar et al., 2015). The economic
risk to the New Zealand horticultural sector, worth $3.6
billion a year, is significant, with a wide range of crops
potentially affected (Drew, 1989; White & Elson-Harris,
1992). Modelling of the potential spread of this species
in New Zealand indicated a low to medium predicted
suitability of most of the country to the species under
current climatic conditions (Aguilar et al., 2015). While
the focus of most of the literature and news media is on
crop host plant species, the Queensland fruit fly has a
wide range of non-crop host species in its natural range
in Australia (Aguilar et al., 2015) and several native New
Zealand fruit-bearing plant species have been listed as
possible hosts (Ministry of Primary Industries, 2015),
including the forest trees taraire (Beilschmiedia tarairi)
and tawa (B. tawa). While we have been unable to find
any studies testing if B. tarairi and B. tawa are actually
hosts in practice, based on their similarity to the known
Australian host tree species B. obtusifolia (a rainforest
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tree of New South Wales and Queensland with black
ovoid fruit similar to those of tawa and taraire) (Drew,
1989) it would seem to be a reasonable assumption
that they could be utilised by the Queensland fruit fly.
We chose to focus on one New Zealand endemic tree
species, taraire, due to it being a key forest species
of northern New Zealand forests, the availability of
good distributional data, some known relationships with
other species and artistic merit. Taraire is commonly
found with kauri (Agathis australis), podocarps and other
broadleaf tree species. Individual trees grow to 22m in
height and may be canopy or understory components of
northern forests (Wright, 1984). The species produces
large (2.5-3.5cm-long) single-seeded, dark purple fleshy
drupes that are dispersed by the kereru (Hemiphaga
novaeseelandiae), a native wood pigeon and taonga
(treasure) species to indigenous Maori.

While taraire may be an excellent host for the
Queensland fruit fly, it is necessary to determine if
the predicted range of the insect matches the current
distribution for the tree. Incursions of the Queensland
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fruit fly are most likely near to points of entry of
people and goods, such as airports and sea ports.
Depending on the initial site(s) of incursion, the speed
of spread of the Queensland fruit fly would be difficult
to model, but it is known to spread rapidly (up to
20km within three weeks in Australia) (Drew & Hooper,
1983). Transportation networks and human population
density would also have an effect on the spread of this
insect (Aguilar et al., 2015). Modelling indicates that
under current climate conditions, most of the country
has a low to medium suitability for the spread of the
Queensland fruit fly (Aguilar et al., 2015). However,
using predictions of a warmer future climate based
on emission trajectories referred to as Representative
Concentration Pathway (RCP), two RCP models (a lower
emission model RCP2.6 and a higher emission model
RCP8.5) suggest a significantly greater suitability for
most of the country for the years 2050 and 2070. Based
on the known current distribution of taraire (natural and
planted occurrences) and the modeling of the predicted
distribution of the Queensland fruit fly under current and
future climate scenarios (Figure 4), it can be seen that
there is considerable likelihood of the Queensland fruit
fly coming into contact with taraire.

Assuming the Queensland fruit fly does successfully
invade New Zealand and reaches taraire forest, it is
not clear what the impact on the tree species would
be and how this should appear in a painting that is
constrained by a scientific scenario. However, the
effects of Queensland fruit fly infestation on crop plants
is well known (Dominiak & Ekman, 2013). Female flies
lay their eggs in the fruit, typically four to six per fruit
(Fletcher, 1989). The larvae feed on the fruit, causing
direct damage, potentially introducing decay organisms
and causing premature fruit drop (Clarke et al., 2011;
Putulan et al., 2004). The loss of fruit before the seed
is mature would directly reduce the number of potential
taraire seedlings. Damage to more mature fruit could
also reduce the dispersal of viable seeds. In addition,
kereru are the main dispersal agent for taraire seeds,
removing the fruit's flesh in their gut (Myers & Court,
2013). Members of another bird species, the kokako
(Callaeas wilsoni), have been known to disperse taraire
fruits (Myers, 1984), but due to the large size of taraire
fruit (and the rarity of kokako), kereru are the only
dispersal agent available for most of the country (Kelly et
al., 2010). If taraire fruit are rejected by kereru because
of damage, or if they prematurely drop, this may have an
impact on seed germination and survival. Undispersed
seed has been found to be significantly less likely to
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successfully produce viable seedlings (Wotton & Kelly,
2011). This could be due to higher levels of predation of
whole fruits or high levels of pathogens in the whole fruit
increasing mortality (Wotton & Kelly, 2011).

The potential impacts of recruitment and
regeneration failure are significant, not only to the
persistence of this tree species in its local area, but
also potential negative impacts on gene flow between
smaller, isolated populations (Wotton & Kelly, 2011). The
possible future loss or reduction in population size of
taraire from northern forests has further impacts on
species associated with taraire. One lichen species,
the silver paint lichen (Strigula novae-zelandiae) grows
almost exclusively on the leaves of taraire (Sérusiaux,
1998), and is not present at all of the sites where
taraire is found (D. Blanchon, personal observation).
One saprophytic orchid has previously been reported
associated with a puffball fungus (Lycoperdon perlatum)
on the roots of taraire and nikau (Rhopalostylis sapida),
although it is thought the host range could be wider (de
Lange & Molloy, 1998).

Creation of the image: composition and
technique

It is the artist’s ability to ‘contrive’ that is of relevance to
this investigation. It is extremely unlikely that anyone has
seen a Queensland fruit fly in the company of a taraire
tree and yet, as discussed. the ramifications of this
occurring are potentially catastrophic. We have the high
risk of invasion, we have the predicted spread to include
the range of taraire, we have the further risk of harm
to the kereru and other species associated with taraire
such as the silver paint lichen. These are all depicted in
the image Fly in the Ointment (Figure 5).

In order to underline the relationship between
disciplines and continue this fruitful liaison, the image
Fly in the Ointment makes numerous references. For
example, both the tradition of botanical art and that
most quintessential location of scientific enquiry, the
laboratory, are cited. An acutely observed, watercolour-
rendered, centrally-placed specimen on a neutral ground
is typical of botanical illustration (Rice, 1999). So too
is the inclusion of potential companion species, which
may enjoy either a parasitic, symbiotic or mutualistic
relationship with the subject. The isolation of a specimen
outside its natural habitat, along with the clamp, recalls
scientific endeavor, in particular the empirical aspect with
which art practice has been so inextricably entwined.

There are also art historical and compositional
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Figure 5. Hamish Foote, Fly in the Ointment, watercolour, 2015.

references of a more generic variety. The fruit fly
specimens, for example, which reside on the fallen
drupes are scaled appropriately, the specimen on the
wing on the other hand is oversized. This is in keeping
with the tradition of scaling subject matter relative to
their importance, such as the depiction, during the
Renaissance, of significant religious figures and patrons
so that they towered over mere mortals (Hartt, 1994).

On the subject of content, collaboration and dialogue
between scientist and artist permits a unique and
invaluable responsiveness and flexibility. For example,
the inclusion of the silver paint lichen arose as the image
was forming. This discussion was followed by research
into species associated with taraire trees, and as a
result the lichen was incorporated.

Finally, it is perhaps worth noting with regard to
species threats to New Zealand, that the focus is often
on the potential economic impact. The Ministry for
Primary Industries, for example, emphasises that the
Queensland fruit fly jeopardises a horticulture industry
worth $3.6 billion a year. The aforementioned species,
however, have no such association and as such offer us
the chance to focus on greyer and more sophisticated
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territory; that of social and environmental currency, and
our ‘sense of place’, as opposed to more mercantile
imperatives. We have the opportunity to revisit our
values. This is not unknown in recent history with kauri
dieback, for example, prompting consideration of a
similar nature. As the conservationist Stephen King
observed on the subject:

Kauri are one of the largest rainforest trees on
earth and they are to New Zealand what the
pyramids are to Egypt and Stonehenge and
cathedrals are to England. They're worth more
than tourism; it's about our identity. (Keep Kauri
Standing, (5th September 2013)

Taraire, which are often found with kauri, have their own
unique qualities — blue fruit, for example, which ensure
that their fortune is inextricably entwined with that of
the kereru.

Conclusion

The aim of Alien Nation is to use scientific data and
modelling to predict possible future invasion scenarios
for different animal and plant species. For the Queensland
fruit fly, modelling shows that this species could indeed
invade and spread over parts of New Zealand under
both current and predicted future climate conditions.
The impacts on horticultural crops would be significant,
what is less clear is the impact on native ecosystems.
Modelling using one native tree species (Beilschmiedia
tarairi) shows that there is considerable likelihood of
the Queensland fruit fly coming into contact with taraire
forest. Based on the reports of the effects of this insect
on the fruits of horticultural crops and wild plant species
in Australia, it is likely that the fruits of taraire would
be damaged by any infestation. This could cause early
fruit drop, negatively affecting seedling recruitment,
and reducing food reserves available for bird species.
Fly in the Ointment explores this scenario, a scene that
does not, and may never exist. The painting requires
the viewer to see the impacts of a possible invasion on
native biodiversity, an examination through the lens of
cultural rather than fiscal currency.
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