
Article

Cross-Cultural Leadership Enables Collaborative Approaches
to Management of Kauri Dieback in Aotearoa New Zealand

Lee Hill 1,*, Edward Ashby 2, Nick Waipara 3, Robin Taua-Gordon 2, Aleesha Gordon 2, Fredrik Hjelm 1,
Stanley E. Bellgard 1, Emma Bodley 4 and Linley K. Jesson 3

����������
�������

Citation: Hill, L.; Ashby, E.; Waipara,

N.; Taua-Gordon, R.; Gordon, A.;

Hjelm, F.; Bellgard, S.E.; Bodley, E.;

Jesson, L.K. Cross-Cultural

Leadership Enables Collaborative

Approaches to Management of Kauri

Dieback in Aotearoa New Zealand.

Forests 2021, 12, 1671. https://

doi.org/10.3390/f12121671

Academic Editor: Nicola Luchi

Received: 17 August 2021

Accepted: 17 November 2021

Published: 30 November 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 BioSense Limited, 27 Barrys Point Road, Takapuna, Auckland 0622, New Zealand;
fredrik@biosense.co.nz (F.H.); stan@biosense.co.nz (S.E.B.)
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Abstract: In Aotearoa/New Zealand, the soilborne pathogen Phytophthora agathidicida threatens
the survival of the iconic kauri, and the ecosystem it supports. In 2011, a surveillance project to
identify areas of kauri dieback caused by Phytophthora agathidicida within the Waitākere Ranges
Regional Park (WRRP) highlighted the potential impact of the pathogen. A repeat of the surveillance
in 2015/16 identified that approximately a quarter of the kauri area within the Regional Park was
infected or possibly infected, an increase from previous surveys. The surveillance program mapped
344 distinct kauri areas and showed that 33.4% of the total kauri areas were affected or potentially
affected by kauri dieback and over half (58.3%) of the substantial kauri areas (above 5 ha in size)
were showing symptoms of kauri dieback. Proximity analysis showed 71% of kauri dieback zones
to be within 50 m of the track network. Spatial analysis showed significantly higher proportions of
disease presence along the track network compared to randomly generated theoretical track networks.
Results suggest that human interaction is assisting the transfer of Phytophthora agathidicida within
the area. The surveillance helped trigger the declaration of a cultural ban (rāhui) on recreational
access. Te Kawerau ā Maki, the iwi of the area, placed a rāhui over the kauri forest eco-system of
the Waitākere Forest (Te Wao Nui o Tiriwa) in December 2017. The purpose of the rāhui was to help
prevent the anthropogenic spread of kauri dieback, to provide time for investment to be made into a
degraded forest infrastructure and for research to be undertaken, and to help protect and support
forest health (a concept encapsulated by the term mauri). Managing the spread and impact of the
pathogen remains an urgent priority for this foundation species in the face of increasing pressures
for recreational access. Complimentary quantitative and qualitative research programs into track
utilization and ecologically sensitive design, collection of whakapapa seed from healthy and dying
trees, and remedial phosphite treatments are part of the cross-cultural and community-enabled
biosecurity initiatives to Kia Toitu He Kauri “Keep Kauri Standing”.

Keywords: Phytophthora; dieback; surveillance; rāhui; track; kauri; mana whenua; taonga; kaiti-
aki; whakapapa

1. Introduction

Tāne Mahuta, a Kauri (Agathis australis), is central to the Māori creation myth, sepa-
rating his parents Ranginui (the sky father) and Papatūānuku (the earth mother), creating
light and allowing life to exist and prosper [1]. Kauri has a long geological history and is of
cultural significance to the indigenous Māori people. Many hapū and iwi (kin-groups who
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originate in and hold customary authority over a geographic area) have strong cultural
linkages with kauri and consider kauri a taonga or treasured iconic species, and an intrinsic
part of their cultural fabric. Hapū and iwi are the kaitiaki or guardians of the kauri and have
been recognized as essential partners in the long-term management of kauri in the face
of past ecological disturbances (logging, gum-tapping, and burn-off to create agricultural
land), pest-animal pressures (pigs and possums), recreational demands (track networks)
and climate disruption. Hapū and iwi have, over centuries of living off the whenua (land),
developed a body of culturally encoded Mātauranga (knowledge) and customs tikanga
(customs) related to monitoring and managing environmental health, including that of
kauri forest.

Agathis australis, a member of the Araucariaceae family, has been important in shaping
Aotearoa/New Zealand since the islands separated from Gondwana some 85 million years
ago [2]. Ecologically, kauri is a keystone species supporting a unique indigenous ecosystem
and biodiversity [3]. Kauri ecosystems are created from distinct flora communities and
form the most species-rich forest type in NZ [4], averaging 18 tree species per hectare
including many endemics [5]. Kauri and its associates form a unique forest type with
some species, such as the greenhood orchid Pterostylis agathicola, found only in association
with kauri [6]. Kauri is one of the largest and long-lived tree species in Aotearoa/New
Zealand forests [7] and one of the largest trees in the world by volume. Their size and
longevity allow mature trees, with wide-spanning canopies, to support a diverse and
highly populated array of epiphytes. Initial surveys of large kauri report over 47 vascular
plant species living within the canopy, with many more Bryophytes and Pteridophytes noted,
creating unique treetop islands of biodiversity. Diversity and uniqueness is also seen in
the fungal communities of kauri ecosystems. A total of 189 named species of fungi and
75 unidentified species, distributed within 199 genera, have been recorded on kauri in
New Zealand [8]. Arbuscular mycorrhizal fungi are present within kauri roots, with some
species uniquely associated with kauri [9]. Kauri produce deep mounds of leaf litter [10]
that have a significant influence on soil processes beneath its canopies, reducing soil pH,
stalling nitrogen cycling processes, and sometimes forming podzols [11]. An inevitable
conclusion from the importance of kauri to these ecosystems is that if kauri were to be
removed from them, the species dependent on that environment could also be lost [12].

At the time of European settlement, forests containing kauri covered 1,000,000 ha
or more. Following uncontrolled logging, land clearance for alternative land use and
destruction by fire, only 7500 ha of virgin or primary forest remain, mainly in conservation
reserves. An additional 60,000 ha of scrub/shrubland and secondary forest contain varying
amounts of regenerating kauri [13]. These remaining kauri forests are now under threat
from disease.

Kauri dieback disease is caused by a soil and water-borne primary pathogen of New
Zealand kauri. The causal agent was tag-named Phytophthora taxon Agathis (PTA) when
it was discovered in 2008 [14]. After broader regional surveys, collection of a sample of
isolates from kauri forests enabled the formal description of the “kauri-killing” Phytophthora,
“Phytophthora agathidicida”, belonging to Phytophthora Clade 5 together with P. castaneae
(sweet chestnut), P. heveae (plantation rubber) and P. cocois (coconut pod rot) [15]. Initial
infection and early symptoms of kauri fine feeder root infection are both cryptic and
currently difficult to detect. The above-ground symptoms of kauri dieback infection
include yellowing of the leaves, thinning of the canopy and lesions or cankers on the
lower stem, which often encircle the base and produce copious amounts of resin (so-called
“kauri gum”). Other symptoms include damping off and wilt of seedlings, root rot and
underground lesions of roots. Such symptoms are considered mid to late-onset reactions to
infection [16]. Pathogenicity assays have shown Phytophthora agathidicida to be an extremely
aggressive and virulent pathogen of kauri that can rapidly kill seedlings [17] and trees of
all ages [18] and therefore poses a threat to kauri, the kauri ecosystem, and the species
reliant on it.
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Declining kauri formally associated with what we now call ‘kauri dieback’ were first
reported in a stand of kauri on Aotea/Great Barrier Island, an island in the outer Hauraki
Gulf, 100 km north-east of central Auckland [19]. Additional forensic investigation of
forestry, nursery, and plantation information has indicated that the pathogen may have
been responsible for historic largescale kauri losses [20], however there are no subsequent
records until investigation of declining stands of kauri in the Waitākere Ranges, Auckland
in 2005. Between 2005 and 2010, kauri dieback was confirmed in other public forest reserves
in Auckland and Northland, including Albany, Pakiri, Waipoua Forest, Trounson Kauri
Park, Omahuta and Raetea Forest [21]. Ongoing surveillance has shown the pathogen
to be widespread across the range of kauri forests [22], with significant detections such
as isolation of Phytophthora agathidicida from soil within 60 m of Tāne Mahuta, known by
Māori as God of the forest and birds [23]. However, substantial asymptomatic areas of
kauri remain.

Soilborne Phytophthora species can survive adverse environmental conditions with
enduring resting structures, mainly sexual oospores, vegetative chlamydospores and
hyphal aggregations [24], allowing spread by human activities. Native plant communities,
woodlands and landscapes across the world are suffering from pathogens introduced by
human activities [25]. Phytophthora agathidicida has been isolated from soil taken from
hiking boots being worn by visitors, soil and slurry taken from boot cleaning stations,
and from soil and debris taken from the exterior of vehicles [26]. One other vector of
spread of Phytophthora is through waterways. Internationally studies have shown water to
be a significant disperser of spores and hyphae [27–29]. The extent to which this occurs
in New Zealand has not been documented, mainly due to a previous lack of tools for
detection of Phytophthora agathidicida in water. After this study Phytophthora agathidicida
has been detected within watercourses [30], however research into the quantification and
distribution has not yet occurred.

In 2008, the Ministry for Primary Industries declared Phytophthora agathidicida an
‘Unwanted Organism’ under New Zealand’s Biosecurity Act, making it an offence to
breed, knowingly communicate, exhibit, multiply, propagate, release, or sell the organism
unless permission is obtained from a chief technical officer. A biosecurity response was
initiated by the Ministry for Primary Industries, Tangata Whenua (local Māori), Department
of Conservation and Local Authorities (Regional Councils) within the natural range of
kauri. Initial focus of the response was on identifying the distribution of the disease,
establishing containment and hygiene measures, providing education and awareness
tools to communities, and research to understand and manage the disease. While the
response achieved some success, resistance, and a general lack of recognition of indigenous
knowledge by some forestry managers and agencies has been reported [31].

Internationally, there is growing recognition of the need for and importance of in-
digenous knowledge in environmental management and protection [32–35]. With the
contribution and knowledge of indigenous people being widely accepted as critical to
biodiversity and ecosystem management [36]. The inextricable and interdependent relation-
ship between people and nature forms the foundation for the organization of indigenous
knowledge and this embedded-in-nature relationship has led to a body of dynamic inter-
generational awareness and practice that operates within indigenous worldviews and belief
systems [37]. Mātauranga Māori, a knowledge system incorporating Māori philosophical
thought, worldview and practice, provides important insight and practice and is vital for
understanding and managing Aotearoa/New Zealand’s ecosystems [38]. Rāhui is a Māori
ritual prohibition which aims to separate people from tapu (sacred) things [39]. After an
agreed lapse of time, the rāhui is lifted. A rāhui is often marked by a visible sign, such as the
erection of a pou rāhui, a post. It is initiated by someone of rank and placed and lifted with
appropriate karakia or ritual ceremony by a tohunga or tribal elder. A rāhui may be placed
on land, sea, rivers, forests, gardens, fishing grounds, and other food resources. There were
three original uses of rāhui, these were following the loss of life, to claim ownership, and
for replenishing resources. A rāhui for replenishment of resources is a form of Kaitiakitanga
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(guardianship) whereby, “Man, as the conscious mind of Papatūānuku prohibits the ex-
ploitation, denudation, degeneration and pollution of the environment and its resources
beyond the point of no return where the latent pro-life processes within the biological
functions and ecosystems collapse” [40]. Rāhui over resources are installed to allow the
mauri (life essence) to replenish, with mauri being described as ‘Mauri ora’, a life force. All
animate and other forms of life such as plants and trees owe their continued existence and
health to mauri. When the mauri is strong, fauna and flora flourish. When it is depleted
and weak to those forms of life, they become sickly and weak [40]. Māori have adapted
the custom to suit New Zealand’s changing social environment and consequently rāhui
have evolved in purpose, method and even by the taonga (treasured object) they are used
to protect [41], however the drivers of respect, healing, replenishment, and protection are
constant. Therefore, we see the current example of rāhui being implemented as part of a
cross-cultural approach to manage the health of kauri forests in the wake of an aggressive
pathogen, likely being spread by human activities.

To inform management of Phytophthora agathidicida across kauri areas within the
Waitākere Ranges Regional Park (WRRP), a multi-layered, cross-cultural, inter-generational
approach was adopted to utilize current understanding of the disease and host to map
the distribution of kauri dieback. Surveillance was conducted over the 2015/16 summer
period following methodologies like those conducted in 2010 [42]. The aims of the work
were (1) to provide an evidential basis of pathogen distribution for decision making; and
(2) to enable recreation and conservation objectives to be achieved within a framework
of tikanga, biosecurity and risk-based management and mitigation. Here we describe a
scientific evaluation of the distribution of the pathogeny. In the discussion we address how
such information was used to inform decision-making and to normalize the management
and control regimes within the broader community. We then describe strategies beyond
rāhui that are currently being undertaken to further manage this pathogen.

2. Materials and Methods

Disease surveillance was required to provide evidence-based modelling of pathogen
distribution to inform disease management decisions. Surveillance followed four phases
(1) aerial surveillance to identify kauri exhibiting canopy decline, (2) ground-truthing
to survey for kauri dieback symptoms and collect samples for analysis, (3) bioassay of
samples to determine the presence of Phytophthora agathidicida, and (4) mapping of disease.

2.1. Study Site

The Waitākere Ranges (part of a remnant volcanic landform) are the western visual
backdrop to metropolitan Auckland. Their forested hills and coastal vistas are essential to
the identity of both Waitākere City and metropolitan Auckland. The foothills and coastal
areas are a combination of rural, urban, and natural landscapes that create an important
transition and buffer zone to the forested part of the Ranges. The area has a long and
rich human history. It is a distinctive cultural domain for Māori and lies within the rohe
(territory) of both Te Kawerau ā Maki and Ngāti Whātua. The area includes the Waitākere
Ranges Regional Park (WRRP).

The forest that covers the Waitākere Ranges is known to Te Kawerau ā Maki as Te Wao
Nui o Tiriwa and the area is considered the heartland of the iwi. The tribe has occupied and
maintained the area for some 400 years, although it traces its ancestors back even further
to the creation narratives of the area. Te Kawerau ā Maki maintained kāinga (villages)
and pā (fortified settlements and outposts) along the coastal and riverine edges of the
forest, and carefully utilized its resources to provide kai (food), rongoā (medicine), textiles
and timber in a seasonal cycle of resource gathering. These activities were undertaken
in accordance with tikanga and relied upon mātauranga, forming an indigenous system of
environmental management. Such a system by nature had to be sustainable as survival of
the iwi depended upon being able to successfully navigate the environment and ensure
resources remained for the next harvest season and for future generations. In addition, Te
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Kawerau ā Maki consider kauri specifically to be part of their whakapapa (genealogy) based
on Māori cosmology, an important conduit between the physical and spiritual realms, and
a rangatira (chief) of the forest. For all these reasons Te Kawerau ā Maki see the survival of
kauri and the Waitākere forest as an existential matter for the tribe.

The Waitākere Ranges Regional Park (WRRP) is protected at local, regional, and
national levels, and is an area of some 17,000 ha, established over a period of 110 years
through gifts, grants, purchases, and vestings (including legislation promoted by Auckland
City Council in 1941 to create the Auckland Centennial Memorial Park). The WRRP covers
more than 16,000 ha of native forest. Kauri is found throughout the WRRP as either
dominant patches, codominant or mixed with other conifers and broadleaf species as well
as young ricker stands in early successional shrubland. Kauri forest, where Agathis australis
is the dominant species, is often found on ridges but is not the exclusive forest type on
this habitat, nor is it always found on ridges. It is clear it is much reduced from its former
extent after a century of logging in the Ranges. The Auckland Protection Strategy [43]
identifies that just 14% (1675 ha) of the former kauri forests of the Waitākere Ecological
District remain. A further 10,670 ha remains where kauri is present mixed with tanekaha
(Phyllocladus trichomanoides), rimu (Dacrydium cupressinum), kanuka (Kunzea robusta) and
broadleaf species. There are some patches of unmodified kauri forest, for example at
the Cascades [44], but much of the kauri forest in the WRRP is secondary forest that has
returned after forest clearance and logging. The area represents a strong recreational
focus for local and international tourism with a network of over 256 km of tracks and
approximately 1,000,000 visitors per year.

2.2. Aerial Surveillance

High-resolution photos and GPS coordinates generated by a systematic helicopter-
based aerial survey of kauri canopy health across the entire park, following previously
described methods [45], recognised 304 sites that were identified as a tree, trees, or groups
of trees potentially exhibiting kauri dieback symptoms [46]. All 304 sites were inspected by
ground-based surveillance to further assess kauri dieback symptomology.

2.3. Ground Surveillance

A strategic surveillance method was developed to prioritize and delineate kauri
dieback at the site by recording the extent of kauri exhibiting symptoms of disease. A survey
at a site was carried out along a spiral transect, moving from kauri to kauri (skipping those
within 5 m of a previously surveyed tree), until no further symptomatic kauri tree could be
found within 30 m of the previous tree. The final kauri exhibiting symptoms at the edge of
the site was always recorded to accurately map the extent of symptomology. Surveillance
was carried out following this method in all areas except for the Piha catchment where the
area of symptomology was so large, approximately 80 ha based on aerial surveillance and
initial ground inspection, that an optimized methodology was adopted which involved
moving along transects. At this site linear transects were established at 20 m intervals
along contours. Kauri trees 10 m either side of the transect were inspected, and the same
set of meta-data collected.

All kauri off tracks which were on route to the sites were also visually assessed for
kauri dieback symptoms and trees exhibiting symptoms were recorded. Similarly, all kauri
along the tracks (within 10 m of the track) were also visually assessed for kauri dieback
symptoms but in this case both symptomatic and non-symptomatic kauri were recorded.
This was so that individual kauri along the track network were geospatially tagged to
inform future park management about actions such as track upgrades.

Symptomology data captured for each kauri included a canopy health score (1–healthy
to 5–dead), a canopy photo, basal lesion size and activity, a photograph of the basal lesion
and the surveyor’s conclusion on the kauri dieback status of the tree based on visible
expression of symptoms described. To greater inform the metrics of health, surveyors
noted the presence or absence of symbiotic plant and fungi taxa within kauri ecosystems,
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the abundance or lack of abundance of customary harvest species, the visual health of
customary harvest species and supporting taxa, the presence or absence of certain birds
and animals including birdsong, and metaphysical indicators relating to the wairua (spirit)
and mauri (sense of lifeforce) of the forest and tūpuna (ancestors). These other indicators
were used to weight decision-making about rāhui and other management decisions as part
of a cross-cultural decision-making framework (and see Section 4).

2.4. Sampling for Phytophthora Agathidicida Presence

At sites of possible kauri dieback infection, a candidate tree, or trees most likely to be
infected with Phytophthora agathidicida, based on symptomology, was selected and sampled.
The most symptomatic live kauri based on canopy health and basal lesion activity at a site
was chosen as the preferred point for soil sampling. At sites where the only symptomatic
tree or trees were all dead, dead trees were sampled. Soil samples were taken from four
positions around the base of the tree. Samples were taken between 60 cm and 150 cm of
the trunk. A sub-sample was always taken from the side of the tree with the most active
bleed first, followed by three subsequent sub-samples at each of the corresponding cardinal
points around the trunk. The samples were from the surface to a depth of 20 cm. Each
sub-sample was approx. 250 g.

Confirmation of kauri dieback was based on bioassay of soil samples collected from
sites. Analysis of Phytophthora agathidicida presence was carried out by Plant and Food
Research Limited using the established standard operating protocol for Phytophthora agath-
idicida detection. The standard bioassay process involves drying, wetting, and flooding of
250 g soil samples. Plant baits, e.g., lupin radicles or needles of Himalayan Cedar Cedrus
deodora, are floated on the water for 2 days and then removed and plated to Phytophthora-
selective media. Plates are assessed qualitatively for the presence of characteristic oospores
of P. agathidicida being produced on the media plate.

2.5. Mapping

ArcGIS was used to create defined zones of kauri dieback from expression-based data
captured during aerial and ground surveillance. Point data from individual kauri locations
was enhanced into spatially representative polygons of kauri dieback distribution using
estimated rootzones of the kauri trees based on diameter at breast height (DBH) plus a
buffer of potential Phytophthora agathidicida presence within the surrounding soil. Kauri
dieback status was classified based on symptomology expressed and results from soil
bioassay (Table 1).

Table 1. Description of the characteristics used to determine kauri dieback zone status.

Zone Characteristics

Kauri dieback zone
Based on aerial and ground surveillance of

symptomology and/or confirmed presence of
Phytophthora agathidicida (PA) via soil sample bioassay

Possible kauri dieback zone Minor symptomology expression but PA presence not
confirmed via soil sample bioassay

Non-symptomatic kauri zone
Generated by existing kauri vegetation layer, enhanced
by information from aerial and ground surveillance. No

symptoms of kauri dieback or detection of PA

False positives in the soil samples are possible as, even though the sampling method
was targeted, only a small amount of soil was taken for analysis, especially when compared
to the large potential area of pathogen presence within the trees rootzone. In addition,
the efficacy of the bioassay was also unknown. Therefore, to acknowledge potential false
negative sample results, and the cryptic nature of early symptomology, a category of
‘Possible kauri dieback zone’ was used. As the results were to be used to inform disease
management activities this was an important category between known kauri dieback area
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that formed ‘Kauri dieback zones’ and areas where kauri dieback was much less likely
based on surveillance, ‘Non-symptomatic kauri zones’.

2.6. Track Analysis

With the track network being identified as a potential vector pathway, further analysis
to evaluate this factor was undertaken. Ten simulated track networks of the same length
as the actual track network were created at random using ArcGIS. For each track, the
distance of that track through either a kauri dieback zone, possible kauri dieback zone or
non-symptomatic kauri zone was calculated (see Figure 1). This was then repeated for the
10 simulated tracks to test whether Kauri dieback was more prevalent along real tracks
than would be expected by sampling at random.
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This analysis was undertaken to provide a statistical comparison between the distri-
bution of kauri and kauri dieback along tracks with a randomised simulated control. We
were interested in two key hypotheses:

1. The actual track network of the WRRP intersects a greater amount of kauri than a
randomly generated track.

2. The actual track network has a higher percentage of kauri dieback along it than the
randomly generated track.

For the 10 simulated tracks the mean line length in each zone and the mean percent
of kauri for each transect was calculated. Ninety-nine percent confidence intervals were
also calculated. The 99% CIs of the randomised tracks were compared back to the actual
track values. If we sampled different transects along the forest 100 times, we would expect
that 99 times out of 100 the value would lie within that interval. If the values of the actual
tracks lie outside the range, the possibility that this is due to chance is extremely low, i.e.,
less than 1 out of 100.

2.7. Replication

The surveillance method was identical to a kauri dieback survey of the WRRP in
2010 [42]. Over the 5-year period between 2010 and 2015/16, changes including park
boundaries, size and distribution of kauri vegetation areas, and the recreational and disease
management infrastructure facilities such as the track network and wash-down stations,
had altered. These changes meant direct quantitative comparison of data over the 5-year
period was not possible, however the changes were able to be described using qualitative
comparisons.
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3. Results
3.1. Presence of Kauri Dieback

A total of 22,477 kauri trees were surveyed for symptoms of kauri dieback disease
during the 2015/16 survey generating 230 soil samples for laboratory-based diagnostics to
determine the presence of Phytophthora agathidicida. Mapping resulted in the classification
of 194 zones that comprised two categories of kauri dieback infection: ‘Kauri dieback zones’
(101 zones); and ‘Possible kauri dieback zones’ (93 zones).

Analysis of kauri dieback zones and kauri vegetation layers determined 18.95% of
dense kauri forest area to be affected by kauri dieback, with a further 4.62% possibly
affected (Figure 2). This is compared to 7.9% and 2.7% respectively during the similar
2010 survey.
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Figure 2. Change in percentage of kauri area affected by kauri dieback within the Waitākere Ranges Regional Park (WRRP)
between 2010 and 2015/16.

Mapping identified 344 distinct areas of kauri ecosystem within the Waitākere Ranges.
These are not the only areas of kauri but those obvious enough to map, thus it excludes
individual trees and scattered groups of rickers. Based upon the results of surveillance
it was identified that one-third of the distinct kauri areas have kauri dieback or possible
kauri dieback symptoms within them to some degree [47]. These areas are highly variable
in size.

Size of kauri area is an important ecological characteristic to evaluate in the analysis,
given Kauri is a keystone species and is also important to the integrity of a kauri ecosystem.
Further analysis therefore defined areas of kauri forest above 5 ha in size as having key
ecological values and the presence of kauri dieback in these larger patches was separately
examined. Of the 91 distinct areas of kauri forest within the WRRP that are above 5 ha in
size, 58.3% were observed to be exhibiting symptoms of kauri dieback infection within
them (Figure 3).
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Figure 3. Presence of kauri dieback within distinct kauri areas within the WRRP highlighting that larger blocks of kauri
have higher levels of kauri dieback.

3.2. Track Analysis

Of the 172 visitor tracks, totaling a track network of 256 km, 108 have kauri along them.
Of these 108 tracks with kauri, 51 intersect a kauri dieback zone and a further 13 tracks
intersect a possible kauri dieback zone. Proximity analysis showed close relationship
between kauri dieback zones and their proximity to the track network, with 71% of kauri
dieback zones and 56% of possible kauri dieback zones within 50 m of a track (Figure 4).
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Figure 4. Percentage distribution of kauri dieback and possible kauri dieback zones to the track network within the WRRP.
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Analysis identified that the prevalence of the actual track network is greater within
kauri areas. The actual track network intersects approximately double the distance through
kauri area than any randomly generated simulations (Table 2 and Figure 5). The results
also show that there is a higher percentage distribution of kauri dieback, and possible
kauri dieback, along the actual track network when compared to the randomly generated
simulations (Table 3 and Figure 6).

Table 2. Comparison of dieback along tracks (kms) between actual data from this survey and simulated tracks of the same
length showing that dieback is more likely to be nearer tracks.

Track Network

Distance through Kauri Zone (KM)

Kauri with Kauri
Dieback

Kauri with Possible
Kauri Dieback

Non-Symptomatic
Kauri

Total (Through All
Kauri Zones)

Simulation 1 6.666786 1.164078 32.645228 40.476092
Simulation 2 5.736607 1.621335 20.553284 27.911226
Simulation 3 6.284685 1.821385 24.36214 32.46821
Simulation 4 7.794471 1.670616 34.597778 44.062865
Simulation 5 3.790022 1.129356 28.914713 33.834091
Simulation 6 8.4538 1.3453 34.845865 44.644965
Simulation 7 7.2473 1.8842 29.71371 38.84521
Simulation 8 5.0758 1.9918 31.2043 38.2719
Simulation 9 9.6211 2.0786 29.1681 40.8678

Simulation 10 5.56871 1.9338 27.72909 35.2576
Mean +/− 99%

confidence intervals 6.62 +/− 1.76 1.67 +/− 0.36 29.4 +/− 4.56 37.7 +/− 5.44

Actual track network 20.94442888 7.567073535 54.74658001 83.25808243
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Table 3. Comparison of dieback along tracks (percentage) between actual data from this survey and
simulated tracks of the same length showing that dieback is more likely to be nearer tracks.

Track Network

Distance through Kauri Zone (%)

Kauri with Kauri
Dieback

Kauri with Possible
Kauri Dieback

Non-Symptomatic
Kauri

Simulation 1 16.4709231 2.8759644 80.6531125
Simulation 2 20.5530456 5.8088993 73.6380552
Simulation 3 19.3564259 5.6097487 75.0338254
Simulation 4 17.689433 3.7914375 78.5191294
Simulation 5 11.2017846 3.3379233 85.4602921
Simulation 6 18.9356179 3.0133297 78.0510523
Simulation 7 18.6568691 4.8505337 76.4925972
Simulation 8 13.2624719 5.2043405 81.5331875
Simulation 9 23.5420062 5.0861558 71.371838
Simulation 10 15.7943536 5.5585179 78.6471286

Mean +/− 99%
confidence intervals 17.5 +/− 3.66 4.51 +/− 1.17 77.9 +/− 4.19

Actual track network 25.1560308 9.0886954 65.7552737
Actual average for
WRRP as a whole 18.95 4.62 76.43
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4. Discussion
4.1. Survey of Distribution of Kauri Dieback

The survey has supported the hypothesis that kauri dieback disease is a widespread
biosecurity issue within the WRRP and found that, in terms of scale, the WRRP represents
the most heavily kauri dieback infected area currently recorded in Aotearoa/New Zealand.
An indicative comparison between a similar survey conducted in 2010 has shown that the
percentage of infected or possibly infected kauri area has more than doubled from 10.6%
to 23.6% over a 5-year period. This represents 33.4% of all distinct kauri areas within the
park being affected or potentially affected by kauri dieback and over half (58.3%) of the
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substantial kauri areas (above 5 ha in size) showing symptoms of infection. The infection
of these substantial kauri areas is arguably of greater importance than the smaller areas
from an ecological point of view as there is currently no proven method to prevent the
natural movement of the disease once introduced to an area of kauri.

As little is known about the latency period between infection and disease expression in
kauri, our surveillance is based on visible symptomology. We cannot definitively conclude
whether this documented increase in diseased areas is due to new instances of infection, an
increase in the manifestation of symptoms in areas where the pathogen had been present
prior to 2010, or a combination of both factors. The data highlights the increasing threat
of kauri dieback to kauri forests. While investigation into treatments for the disease are
progressing, with promising results reported with the use of phosphite [48,49], there is
currently no confirmed method of treating all ages of kauri which are infected by the
pathogen and, more importantly, no method of eradication from an area once introduced.
Therefore, management of the disease must continue to focus on preventing spread of the
disease from contaminated areas to uncontaminated areas and preventing the collapse of
already infected stands.

This analysis was useful to confirm the significant correlation between kauri dieback
distribution and the track network. We found that 71% of dieback zones are within 50 m
of a track. We also found a spatial bias of tracks being located within and through kauri
areas. The results clearly showed that there is a high percentage distribution of kauri
dieback, and possible kauri dieback, along the actual track network when compared to the
randomly generated simulations, and the total average of kauri dieback across the WRRP.
These findings, coupled with isolations of Phytophthora agathidicida from visitor boots and
vehicles [26] support the hypothesis that human interaction is assisting the transfer of the
pathogen within the area.

4.2. Cross-Cultural Management of Kauri Dieback and Rāhui—Merging Western Science and
Mātaranga Indicators

The survey and analyses undertaken here, combined with mātauranga or ‘cultural
indicators’ used by Te Kawerau ā Maki, positively informed the cultural response to the
threat of kauri dieback and ecosystem stress in the Waitākere Forest. Decisions about rāhui
and management were informed both by the scientific methodology set out above and by a
culturally embedded epistemology both centered on observation of tohu (environmental
indicators). For the former, this focused on empirical metrics including kauri physiological
symptomology, pathogen sampling and statistical analyses. For the latter, management
teams considered customary knowledge-informed observations including the presence
or absence of symbiotic plant and fungi taxa within kauri ecosystems, the abundance or
lack of abundance of customary harvest species, the visual health of customary harvest
species and supporting taxa, the presence or absence of certain birds and animals including
birdsong, and metaphysical indicators relating to the wairua (spirit) and mauri (sense of
lifeforce) of the forest and tūpuna (ancestors).

The findings of and conclusions drawn from both the scientific and culturally embed-
ded paradigms are mutually supportive. This is an important but often overlooked point,
as a given hypothesis can be taken as stronger or weaker depending on the confluence
of mutually supporting but disparate lines of enquiry and evidence. In this case, the
conclusion is that kauri dieback is present, that it is spreading, and that the ecosystem is
stressed and requires intervention.

The response was to place a rāhui over the kauri ecosystems of the Waitākere Forest [50].
As a matter of tikanga, the purpose of the rāhui is to enable the environment to recuperate
and regenerate without the presence and impact of humans. Its purpose is both physical
and spiritual protection—a form of indigenous conservation management.

The strategy and method for the ongoing management of the forest within the
Waitākere rāhui was led by Te Kawerau ā Maki and co-developed with biosecurity ex-
perts. This resulted in an approach comprised of:
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• cultural quarantine—enable the forest to ‘self-heal’ without the presence of humans
(or harmful human behaviours).

• exclusion zones—shifting most planned future recreation away from high-value
ecosystem areas and towards the edge of the forest.

• ‘rolling openings’ of tracks—closing all tracks and only re-opening tracks that are
strategically located and designed and upgraded to accommodate tikanga, ecological,
biosecurity, engineering, and accessibility criteria.

• adaptive management—altering our methods and processes as new information
emerges and to suit the situation or context.

• Monitoring—ongoing monitoring based on both scientific and cultural indicators.
• Research—ongoing research including whakapapa seed collections that represent an

inter-generational response to the threat of kauri dieback.

4.3. Beyond Rāhui

Reporting of the surveillance results and the action of Te Kawerau ā Maki to imple-
ment a rāhui captured public, political and media attention and led to support for more
action from local and national government [51–56]. Following the rāhui, local government
mechanisms of park closure and central government biosecurity measures were put in
place. A Controlled Area Notice was established by the Ministry for Primary Industries
under Section 131 of the Biosecurity Act 1993 that banned the movement of soil and plant
materials into and out of areas of the Regional Park [57]. Local government action by
Auckland Council’s Biosecurity and Parks departments closed recreational access to certain
areas [58,59]. Ongoing and future collaborative planning by local government and Te
Kawerau ā Maki include rationalizing, upgrading and eventually reopening areas with
improved measures of kauri protection.

The findings of this surveillance indicating large distribution of kauri dieback, likely
to be facilitated by human traffic and feral animals such as pigs [60] into stands of kauri,
has resulted in a major shift in conservation status for kauri from Not Threatened in 2013
to Threatened–Nationally Vulnerable in 2018 [61].

The surveillance findings, rāhui, park closures, and groundswell of public opinion
resulted in a kauri dieback response budget being included in a Natural Environment
Targeted Rate (NETR) applied to residential property rates across Auckland. The kauri
dieback component of the NETR generates a budget of $100 million over a 10-year pe-
riod, beginning in July 2018, to enable Auckland Council to better manage kauri dieback.
Programme delivery includes work to open and operate kauri-safe tracks and cleaning
stations, surveillance and monitoring, treatment of infected trees, and an expansion to an
ambassador programme to educate the public about the disease [62].

Strategic investments into research and development of ecologically sensitive track
network upgrades have seen the successful re-opening of some of the major tracks in
the park following upgrades including thousands of steps and hundreds of metres of
boardwalk to help prevent the movement of soil and promote general forest health in
balance with recreational use. Investment has also gone into re-surveying the Park to gain
a current picture of disease expression, pathogen presence and the benefits of phosphite
treatments. The way forward has been enabled through the inclusive leadership of Te
Kawerau ā Maki and their ability to focus upon the most pragmatic and ethical, long-term,
inter-generational, trans-disciplinary, and mana enhancing solutions.

At a national level, support from Iwi, community, and biosecurity experts and re-
searchers enabled the Minister of Research, Science, and Innovation to announce funding
of $13.75 million over 3 years, beginning in July 2018, for research to combat the spread of
kauri dieback and myrtle rust Austropuccinia psidii, a recent introduction to New Zealand.
The resulting programme, known as Ngā Rākau Taketake, Saving our Iconic Trees, focuses
on accelerating work already being done by Government agencies, councils, research
providers, Māori, and interest groups [63].
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5. Conclusions

A co-created, trans-disciplinary team comprising regional governance, mana whenua,
aerial- and ground-surveillance, and diagnostic laboratories delivered an exemplar co-
delivered approach to forest-scale Phytophthora surveillance and management. Inclusivity
and openness between the stakeholders took some time to achieve, but this did not hinder
survey and data analysis that led to immediate taonga-focused protection in the form of
the customary mana whenua biosecurity method of rāhui.

The principles of tikanga Maori in Aotearoa/New Zealand enabled cultural authority
to take the lead and enact biosecurity measures in a more holistic manner than local and
central authorities could have achieved by themselves. This enabled a swift mana whenua-
led response of placing a rāhui based on the surveillance detailing the high prevalence of P.
agathidicida which is an urgent threat to iconic taonga trees. The co-governance approach
then allowed the initiation of legislative mechanisms of park closure, a Controlled Area
Notice, long-term management plans and management actions such as track upgrades.

The actions of Te Kawerau ā Maki, the findings of the surveillance and the continuing
development of a cross-cultural approach to biosecurity management helped to promote
and inspire support for ongoing investment into Aotearoa’s battle with kauri dieback.

The road to consensus was not simple and took compromise on all sides, and the
process has led to deeper levels of trust between all stakeholders moving forward together.
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