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1.

INTRODUCTION
My full name is Lee Michael William Hill.
I am a Director at BioSense Limited (BioSense).
I hold a BSc Hons (Biology) from the University of Exeter (UK).
I have 11 years experience in Biosecurity research and management, working almost
exclusively on Phytophthora agathidicida over this time. I have held various positions
relating to kauri dieback including Senior Advisor Kauri Dieback and Kauri Dieback
Research and Operations Specailist both for Auckland Council. I have held long term
positions (2011-2018) on disease management workstreams and Technical Advisory
Groups for the national Kauri Dieback Programme.
I am currently a Director/Consultant at BioSense working on biosecurity research,
surveillance and management. Kauri dieback surveillance related clients include Iwi and
Hapu groups, Ministry for Primary Industries (MPI), Department of Conservation (DOC),
Auckland Council (AC), Northland Regional Council (NRC), Waikato Regional Council
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(WRC), and private contractors. We work in collaboration with, and support, researchers
investigating kauri dieback distribution at intituitions such as Plant and Food Research,
Manaaki Whenua – Landcare Research, Scion, and universities such as University of
Auckland, Massey University, and Lincoln University.
I am providing evidence as an independent expert.
I advise that I have read the Code of Conduct for Expert Witnesses contained in the
Environment Court Practice Note 2014 and have complied with it in preparing this
evidence. I confirm that the issues addressed in this evidence are within my area of
expertise and I have not omitted material facts known to me that might alter or detract from
my evidence.

2.

SCOPE OF EVIDENCE
BioSense was approached by Watercare to develop and implement a field-testing protocol
to assess the presence and distribution of Phytophthora agathidicida (PA) the kauri dieback
causing pathogen, and Phytophthora cinnamomi (PC), within the proposed construction
footprint for the replacement Huia Water Treatment Plant, the wider project site, and within
a surrounding buffer area.
I am providing evidence in relation to the sampling, testing and results for PA and PC.
I prepared the “Kauri dieback disease surveillance of Watercare’s proposed replacement
water treatment plant site at Waima Catchment” report dated November 2020 (Report) with
input from my colleagues at BioSense. A copy of the Report is attached to my evidence at
Appendix 1.
My evidence will cover the following matters:

a)

Description of my role as an independent expert;

b)

Description of the background to PA/PC sampling/testing;

c)

Description of the approach and methodology to PA/PC sampling/testing;

d)

Description of the results of PA and PC sampling/testing; and

e)

Conclusions.
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3.

SUMMARY OF EVIDENCE
I am presenting technical evidence relating to kauri dieback disease surveillance of
Watercare’s proposed replacement water treatment plant site at Waima Catchment
conducted by the BioSense team in June and July 2020.
A field survey confirmed the presence of kauri dieback symptoms within the project site,
and surrounding buffer within Clarks Bush.
Analysis of soil samples detected the presence of PA and PC in soil taken from the project
site, and adjoining buffer area within Clarks Bush.
Analysis of water samples detected the presence of PA and PC in water taken from the
Waituna stream tributary network within the project site, and adjoining buffer area within
Clarks Bush.

4.

DESCRIPTION OF MY ROLE AS AN INDEPENDENT EXPERT
Dr Sarah Flynn (Watercare’s consultant ecologist) forwarded me a briefing letter from Mr
Sam Otter, the Hearings Advisor, on 11 May 2020 (Briefing Letter). The Briefing Letter
requested that BioSense prepare the design or specification for the sampling/testing
framework to carry out the sampling/testing for kauri dieback.
BioSense provided Dr Flynn with a proposed sampling plan on 28 May 2020 that set out
three different options for the design of the testing framework (Proposal). I understand
that Dr Flynn then circulated this Proposal to the caucusing participants for their feedback.
BioSense then received final instructions for the sampling and testing for kauri dieback on
site on 12 June 2020.
Field survey and sampling was conducted over June and July 2020. Laboratory based
analysis of samples was conducted over September and October 2020, in response to
delays related to Covid-19.
As permitted in paragraph 9 of the Commissioner’s seventh minute dated 27 October 2020,
I attended the substantive expert caucusing, which took place on Tuesday 15 December
2020.

I attended this caucusing in an advisory capacity as an independent expert to

explain the kauri dieback testing results and did not record a position on any of the issues
discussed.

3

5.

DESCRIPTION OF THE BACKGROUND TO PA/PC SAMPLING/TESTING
The objective of this work was to develop and implement sampling protocol to test for:

a)

The disease status of kauri trees within and surrounding the proposed works
footprint.

b)

The presence and distribution of phytophthora in soil within the project site and a
surrounding buffer.

c)

The presence and distribution of phytophthora in watercourses within the project
site and a surrounding buffer.

We do not yet have an estimate of the frequency of isolation of PA which can be used to
deliver confidence in freedom of disease. Therefore, the investigation could not produce
statistical significance of the negative results generated to provide confidence via statistical
analysis. The design was based solely on current knowledge and expert opinion.

6.

DESCRIPTION OF THE APPROACH AND METHODOLOGY TO PA/PC
SAMPLING/TESTING
The surveillance and sampling design took a multi-layered approach based on identified
risk factors. The approach utilised the concept of layering of risk factors to create higher
levels of sampling within higher risk areas.
A site visit informed development of the buffer zone surrounding the project site and took
into consideration slope, vegetation, and physical factors such as the soil type. This was
compared with the activity which has and will be occurring on site and the known biology
and movement of the phytophthoras being investigated. A buffer zone of 100 m around the
project site boundary was also established. This was designed to represent approximately
three consecutive rootzones of a mature kauri tree. The 100 m buffer was applied and then
clipped to remove private property and hard surfaces, effectively limiting the buffer zone
area to the south eastern section of the site, extending into Clarks Bush Reserve.
The risk factors/layers of sampling targeted were:

a)

Grid based survey of risk – survey of the entire site in a 25 m x 25 m grid pattern
to identify kauri dieback related risk factors. No samples were taken but data was
generated to inform future sampling;
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b)

Stratified sampling – uniform sampling on a 25 m x 25 m grid pattern across the
entire site;

c)

Kauri rootzone sampling – kauri health survey and soil sample from all kauri
across the site;

d)

Watercourse sampling – a sample at points where a watercourse intersects a
project site boundary, construction boundary and buffer zone boundary and 25 m
(linear) spacings along the watercourse;

e)

Track sampling – a sample at points where a track intersects a project site
boundary, construction boundary and buffer zone boundary and 25 m (linear)
spacings along the track; and

f)

Animal disturbance sampling – a sample at the point of disturbance. If the
disturbance was longer than 25 m then samples were also taken every 25 m along
the disturbance.

The design of the method selected provided an estimation of the number of samples
generated across the area but with the actual number being informed by the grid based
survey of risk. The initial estimate of samples was 495 however following risk assessment
996 sampling points were identified across the area leading to a much greater number of
samples than initially described in the Proposal selected by the caucusing participants.
Identification of PA and PC within samples from the site was conducted via the method
described in Winkworth et. al. (2020).1
The extension to sampling for PA beyond kauri areas and within watercourses is beyond
standard sampling regimes for kauri dieback management plans but deemed necessary in
this case due to the nature of the proposed development and the request for a
comprehensive survey.
There is currently no established testing method for the concentration of PA within a forest
setting.

1 Winkworth, R., Nelson, B.C.W., Bellgard, S.E., Probst, C.M., McLenachan, P.A., Lockhart, P.J.2020. A LAMP at the end of the
tunnel: a rapid, field deployable assay for the kauri dieback pathogen, Phytophthora agathadicida. PLOS One. 15(1):
e0224007.https://doi.org/10.1371/journal. pone.0224007.
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7.

DESCRIPTION OF THE RESULTS OF PA AND PC SAMPLING/TESTING
The layered approach to sampling led to a wide distribution of sampling locations across
the entire site with a higher density of sampling in areas identified as higher risk of PA
presence.
The field survey confirmed the presence of kauri dieback symptoms within the project site,
and surrounding buffer within Clarks Bush. In total 431 kauri sapling size and above were
recorded during the surveillance; 190 were exhibiting no symptoms of kauri dieback, 184
were exhibiting ill-thrift, and 57 were exhibiting symptoms of kauri dieback.
15 kauri seedling clusters were recorded. No seedling clusters were exhibiting symptoms of
kauri dieback.
A map of kauri distribution colour coded by kauri dieback status can be seen in Appendix
11 of the Report.
In total 996 samples were taken as part of the kauri dieback surveillance of the proposed
water treatment plant site. A map of all sampling locations can be seen in Appendix 8 of the
Report.
Analysis detected PA in 154 samples and PC in 128 samples.
A map of the kauri health survey results and complete PA and PC detection results can be
seen in Appendix 9 of the report. In summary:

a)

Analysis of soil samples detected the presence of PA and PC in soil taken from
the project site, and adjoining buffer area within Clarks Bush.

b)

Analysis of water samples detected the presence of PA and PC in water taken
from the Waituna stream tributary network within the project site, and adjoining
buffer area within Clarks Bush.

c)

Sampling results detected PA within areas of kauri dieback symptomatic kauri,
areas of non-kauri vegetation, along tracks outside of kauri areas, and from
watercourses within and outside of kauri areas.

Kauri Contamination Zones (KCZ) are used to provide spatial context to biosecurity plans
to manage kauri dieback. Historically these have always been associated with kauri and in
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doing so there have been two established methods of delineating the area: 1.) three times
the canopy dripline of the kauri; or 2.) 30-meter radius of a kauri tree.
In this case we have shown PA in non-kauri areas. PA positive sample results were
generated from track, animal disturbance, watercourse, and stratified sampling of non-kauri
vegetation areas. As there is no dripline to apply the three times the dripline rule to, in order
to delineate potential KCZs we have applied a 30-meter buffer to all positive sample
locations. When this method of delimitation is applied, most of the extent of works, the
potential water treatment plant site and the 100m buffer survey area extending into Clarks
Bush would be classified as a kauri dieback area. A map of this is shown in Appendix 16 of
the Report.
Kauri dieback symptomatic trees and PA and PC positive sample results were generated
from within the 100m survey buffer area within Clarks Bush, including from within the
watercourse. This confirmed that the pathogen is not only located within the site, but up to
100m beyond its boundaries and in particular downstream of the site. Extension of survey
and sampling beyond this has not occurred as part of this investigation.
In my opinion we have been enabled to conduct a comprehensive survey of kauri dieback
distribution across the site. Sampling for PA presence has been conducted at an
unprecedented intensity for a site of this size. The methodology has extended beyond the
standard sampling of kauri rootzones in to non-kauri areas with significant results such as
PA detection in soil and water samples taken from outside of kauri areas. Findings from this
investigation should be used to provide additional knowledge and inform kauri dieback
management in general. Further analysis will be undertaken on the results to extend
understanding of the disease.

Lee Michael William Hill
7 April 2021
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Appendix 1 – Kauri dieback disease surveillance of Watercare’s proposed
replacement water treatment plant site at Waima Catchment report dated November
2020
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Executive summary
BioSense was requested by Watercare to develop and implement a field-testing protocol to
assess the presence and distribution of Phytophthora agathidicida, the kauri dieback causing
pathogen, within the proposed construction footprint, the wider Project Site, and within a
surrounding buffer area.
The objective of this work was to develop and implement sampling protocol to test for:
1. The disease status of kauri trees within and surrounding the proposed works footprint.
2. The presence and distribution of phytophthora in soil within the Project Site and a
surrounding buffer.
3. The presence and distribution of phytophthora in soil within the Project Site and a
surrounding buffer.
A sampling protocol was directed to address the following prescription:
• The buffer is to be of sufficient extent to encompass interconnected root systems of
vegetation within and surrounding the Project Site, so the risk that these networks may
as a pathway move phytophthora into or out of the site can be assessed.
• Watercourses are identified as a key potential vector for the spread of kauri dieback
disease.
• Sampling will include all sites of human and feral animal disturbance.
• Sample collection and analysis methods will seek to maximise detection probability
within practical limits, i.e., the scale and pattern of sampling is to give the best chance
that kauri dieback-causing pathogens would be detected if present within the
construction footprint and wider Project Site.
A field survey confirmed the presence of kauri dieback symptoms within the Project Site, and
surrounding buffer within Clarks Bush.
Analysis of soil samples detected the presence of Phytophthora agathidicida and Phytophthora
cinnamomi in soil taken from the Project Site, and adjoining buffer area within Clarks Bush.
Analysis of water samples detected the presence of Phytophthora agathidicida and Phytophthora
cinnamomi in water taken from the Waituna stream tributary network within the Project Site, and
adjoining buffer area within Clarks Bush.
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1.

Who we are

At BioSense we seek to understand more about our environment to protect it for the future. To do
this, we provide surveillance, management, treatment, and eradication options to combat
invasive pests and pathogens and we are committed to doing this in a collaborative, co-created
manner. We believe that collaboration is essential for successful and durable outcomes and we
work with Iwi, community-groups, Universities, Crown Research Institutes, and other experts to
develop the best qualified team, for the protection of our environment and the well-being of
Aotearoa. We are also guided by research and use this to constantly improve and develop best
practice.
An area of focus for the BioSense team members to date has been the management of kauri
dieback and many of the team have been involved in leading the research to mitigate the impact
and management of kauri dieback since 2010. We have also developed best practice in
surveillance and have designed, conducted, analysed, and reported on all kauri dieback
surveillance on land across Auckland between 2010 and 2018, and Waipoua forest since 2010.
This work includes investigating more than 2,000 sites of potential kauri dieback, conducting
health assessments on more than 75,000 kauri, and collecting more than 4,500 diagnostic
samples for analysis across Northland, Auckland, Waikato, and Bay of Plenty.
We have also been involved in research into potential treatment tools for kauri dieback since
2010, most notably the research and development of the phosphite tool. BioSense designed and
conducted the first large-scale application of phosphite as a treatment for kauri dieback with
more than 15,000 kauri treated and assessed to enable long-term impact monitoring by 2020,
with treatment of a further 2,000 planned for 2021. Members of BioSense are also involved in
designing and managing a community-based social science project aimed at engaging the
community to care for kauri and manage kauri dieback, with a range of potential tools being
assessed.
A selected bibliography of kauri dieback research outputs is listed in appendix 1 and a list of
kauri dieback surveillance project implemented by this team are listed in appendix 2.
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2.

Background

Watercare operates water supply dams within the Waitākere Ranges, including the Upper and
Lower Huia Dams and the Upper and Lower Nihotupu Dams. The Huia Water Treatment Plant
(WTP) located in Waima (named for the source of the water) treats the water from these dams
before it is distributed via the water transmission network.
Watercare seeks to construct a new WTP to replace the which is nearing the end of its
operational life. As part of this project Watercare is also proposing to construct two treated water
reservoirs on the Project Site to increase treated water storage capacity.
Watercare proposes to construct the replacement WTP at a site on the corner of Manuka Road
and Woodlands Park Road, directly across from the existing Huia WTP site. A new 25ML treated
water reservoir will be located on the northern side of Woodlands Park Road (Reservoir 1), with
another 25ML reservoir (Reservoir 2) subsequently constructed on the existing Huia WTP site
once the existing plant has been decommissioned.
While the Project Site is within Watercare land designated for water supply purposes (water
treatment plants and associated structures) in the Auckland Unitary Plan, it is also identified as
part of an extensive Significant Ecological Area (SEA_T_5539) that essentially encompasses the
entire Waitakere Ranges. Native forest and scrub cover 3.5 ha of the total 4.3 ha construction
footprint.
The construction footprint encompasses secondary vegetation communities (kanuka and mahoedominated) of varying age and condition. Old-growth kauri and podocarp forest remnants are
present immediately adjacent to the site.
The Project Site is in the headwaters of two Waituna Stream tributaries, including Armstrong
Stream to the west and Yorke Stream to the east. Little Muddy Creek estuary is the receiving
environment for the site.
The Project Site adjoins Clarks Bush, a public reserve containing several very large kauri trees,
and for many years the Watercare land was essentially managed as part of the reserve. A walking
track through the reserve intersects the proposed construction footprint for the WTP.
Kauri forest interspersed with residential development dominates the broad ridgelines
immediately southward of the Project Site. Kauri dieback (causal agent Phytophthora
agathidicida, PA) is a chronic, currently incurable disease affecting kauri trees of all ages
(Waipara et al., 2013), and possibly also affecting other native plant species. Kauri dieback
disease is caused by a soil and water borne primary pathogen of New Zealand kauri (Agathis
australis). The above-ground symptoms of kauri dieback infection include yellowing of the leaves,
thinning of the canopy and lesions on the lower stem which often encircle the base and produce
copious amounts of resin (kauri gum).
The disease is known to be present throughout some, but not all, kauri areas within the Auckland
region and surveys suggest that the extent of symptomatic trees in the region has substantially
increased in recent years. However, with the “disease” expression lagging behind fine-root
infection, not all healthy-looking forest can be assumed to be free of PA, due to the latent-phase
of the disease process.
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Kauri dieback has a wide distribution, both on a local and regional scale and is found on private,
and public land. In Auckland it is most prevalent in the Waitākere Ranges Regional Park, with
nearly 19% of the dense kauri forest within the regional park found to be infected with kauri
dieback, and nearly 5% possibly infected. There is also kauri dieback present on local parks and
private land throughout West Auckland, private land on the Awhitu Peninsula, and in North
Auckland, local parks on the North Shore, and on public land in Albany, Okura, Pakiri, and Aotea
and Hauturu.
However, some substantial tracts of kauri ecosystems remain non-symptomatic and spread
prevention and containment are top management priorities.
A total of six phytophthora species are known to occur in the kauri forest: P. agathidicida, P.
chlamydospora, P. cinnamomi, P. kernoviae, P. multivora, and P. nicotianae (Scott and Williams,
2014). All are considered exotic except for P. kernovieae (Studholme et al. 2016).

3.

The problem

The proposed works footprint for both the replacement WTP and Reservoir 1 extend into an area
of mature kauri trees, and stands of kauri are present nearby, both within the Project Site and in
adjacent residential and reserve land to the south. No mature kauri had been reported within the
works footprint itself. Kauri seedlings and saplings had been found within the WTP footprint, in
the vicinity of large trees near the southern boundary. Systematic assessment of kauri presence
in the forest directly adjacent to the project site had not been conducted but saplings had been
observed and mature kauri have been mapped within the forest.
Symptoms consistent with kauri dieback (collar rot and gummosis) had been observed on a
single large kauri tree within a mature kauri forest stand on the northern side of Woodlands Park
Road (north-western corner of the Project Site). Auckland Council recorded a tree with kauri
dieback symptoms in a similar location in 2009, and this may be the same tree. Auckland
Council has recently identified a symptomatic tree near the northern Project Site boundary (on
the escarpment above Exhibition Drive Walk) via aerial surveillance, and a typical “gummy” lowertrunk lesion was noted on a tree adjacent to the existing WTP in December 2019.
No laboratory testing had previously been undertaken within the project site to ascertain the
presence of Phytophthora agathidicida or other phytophthora implicated in kauri decline, but the
BioSense team has worked extensively in the Waitakere Ranges and Titirangi area (Bellgard et al.
2014; Hill et al. 2016) and shown that P.agathidicida, P. cinnamomi, P. multivora, P. kernoviae,
and P. chlamydospora are all present in the surrounding area (Bellgard et al. 2013).
Spread of kauri dieback from the site into the surrounding catchment and beyond has been
identified as a potentially risk of the proposed WTP development, due to the extent and volume
of earthworks required, and the substantial quantity of soil to be transported and disposed of
offsite.
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4.

Overview of the solution

BioSense was requested to develop and implement a field-testing protocol to assess the
presence and distribution of Phytophthora agathidicida, the kauri dieback causing pathogen
within the proposed construction footprint, the wider Project Site, and within a surrounding buffer
area.
The objective of this work was to develop and implement sampling protocol to test for:
1
2
3

The disease status of kauri trees within and surrounding the proposed works footprint.
The presence and distribution of phytophthora in soil within the Project Site and a
surrounding buffer.
The presence and distribution of phytophthora in soil within the Project Site and a
surrounding buffer.

A sampling protocol was directed to address the following prescription:
•

•
•
•

The buffer is to be of sufficient extent to encompass interconnected root systems of
vegetation within and surrounding the Project Site, so the risk that these networks may
as a pathway move phytophthora into or out of the site can be assessed.
Watercourses are identified as a key potential vector for the spread of kauri dieback
disease.
Sampling will include all sites of human and feral animal disturbance.
Sample collection and analysis methods will seek to maximise detection probability
within practical limits, i.e., the scale and pattern of sampling is to give the best chance
that kauri dieback-causing pathogens would be detected if present within the
construction footprint and wider Project Site.

Sampling was also requested to test for Phytophthora cinnamomi presence due its known cooccurrence and impact upon kauri (Podger and Newhook 1971). Phytophthora multivora was
suggested as a pathogen to test for but a LAMP-based diagnostic does not exist for this species
of Phytophthora.
The methodology was developed and submitted to Watercare. It was peer reviewed by Dr Nick
Waipara and Jack Craw (on behalf of Titirangi Residents Association), David Havell (Department
of Conservation), and Dr Murray Fea (Auckland Council) before being agreed to by Watercare and
implemented by BioSense.
BioSense recognises the importance of mana whenua as kaitiaki of the ngahere. It was
highlighted that the surveillance was being conducted within the rohe of Te Kawerau ā Maki and
acknowledged that Te Kawerau ā Maki had been informed of the surveillance project during
consultation on the HTP development and were supportive of the surveillance being conducted.
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5.

Approach and methodology

A core concept to this investigation was to examine the presence/absence and distribution of
kauri pathogens within and surrounding the Project Site and to provide levels of confidence in the
data delivered.
The national Kauri Dieback Programme has not yet bench-marked the effectiveness or efficiency
of the conventional soil bioassay protocol developed in 2010. Consequently, we do not yet have
an estimate of the frequency of isolation of P. agathidicida which can be used to carry out a
power analysis and/or deliver confidence of freedom of disease for this study. Therefore,
The investigation could not produce statistical significance of the results generated to provide
confidence via power analysis. The design has been based solely on current knowledge and
expert opinion.
The surveillance and sampling design took a multi-layered approach based on identified risk
factors. The approach utilised the concept of layering of risk factors to create higher levels of
sampling within higher risk areas. The risk factors/layers of sampling targeted were:
•

•
•
•
•
•

Grid based survey of risk – survey of the entire site in a 25 m x 25 m grid pattern to
identify Kauri dieback related risk factors. No samples taken but data generated to
inform future sampling
Stratified sampling - uniform sampling on a 25 m x 25 m grid pattern across the entire
site
Kauri rootzone sampling – kauri health survey and soil sample from all kauri across the
site
Watercourse sampling – a sample at points where a watercourse intersects a project site
boundary, construction boundary and buffer zone boundary and 25 m (linear) spacings
along the watercourse.
Track sampling – a sample at points where a track intersects a project site boundary,
construction boundary and buffer zone boundary and 25 m (linear) spacings along the
track
Animal disturbance sampling – a sample at the point of disturbance. If the disturbance
was longer than 25 m then samples were also taken every 25 m along the disturbance.

A site visit informed development of the buffer zone surrounding the project site and took into
consideration, slope, vegetation, and physical factors such as the soil type. This was compared
with the activity which has and will be occurring on site and the known biology and movement of
the phytophthoras being investigated. A buffer zone of 100 m around the project site boundary
was applied and this was then clipped to remove private property and hard surfaces, effectively
limiting the buffer zone area to south eastern section of the site, extending into Clarks Bush
Reserve. This is to address the brief of investigating the presence of phytophthora in the adjacent
reserve but rather than investigating the whole reserve the design focused on intensive sampling
in the risk area associated with the proposed Watercare works. Inclusion of private properties
was considered when designing the buffer however it was determined that extending sampling in
to private properties could be logistically difficult and would also be sampling where the risks of
an potential future phytophthora introduction is beyond the control of Watercare with no way of
identifying if any new introductions to those areas were due to the construction work or simply by
the private landowners.
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5.1 Grid based search to identify risk
Data supplied by Watercare gave indication of risk factors and allowed preliminary planning and
display of the option. However, systematic surveillance of kauri through the buffer area and indepth identification of animal disturbance across the entire site had not been conducted. A
systematic grid-based search of kauri, watercourses and human and animal disturbance was
conducted to add to data already supplied. This was used to identify points of additional
sampling at any new locations of risk which are identified.

5.2 Stratified sampling
Phytophthora cinnamomi is known to be associated with non-kauri vegetation and knowledge
about prevalence of Phytophthora agathidicida in non-kauri areas is unknown but expected.
Bellgard et al. (2014) found PA in 19% of asymptomatic trees, compared with 60% of
symptomatic trees. Nonetheless, all those samples were taken within a stand with many
unhealthy kauri in proximity (< 50 m linear distance) to asymptomatic tree samples; hence these
results cannot be extrapolated to stands of entirely healthy trees. Knowing how widespread P.
agathidicida is in asymptomatic forests would have potentially profound impacts on the
management strategies. For example, if P. agathidicida is widespread in a non-symptomatic
state, then management of spread would be a lower priority and suggest a greater focus on
precipitating causes of forest dieback (Black and Dickie 2016).
Testing of host-range of P. agathidicida is currently underway however recent research has
confirmed that non-kauri areas adjacent to kauri forest, such as Pinus radiata forest and grass
pasture can also harbour and host the kauri dieback pathogen (Lewis et al. 2019). Therefore,
systematic sampling of kauri and non-kauri areas is essential to determine Phytophthora
presence and distribution across the area.
A grid-based sampling regime of the entire site was implemented. Sampling occurred on a 25 m
by 25 m grid pattern across the construction site, project site and buffer area with 250 g of
soil/root being taken from each point across the grid. The design excluded areas of hard surface
such as concrete drives and buildings.
A map of the stratified sampling locations is shown in appendix 3.

5.3 Kauri rootzone sampling
All kauri within the construction footprint, project site and buffer area were physically tagged,
GPS location recorded and assessed for kauri dieback symptoms. The sampling followed the
national ‘Kauri Dieback Soil Sampling Guide’ guidelines with the exception that all kauri were
sampled rather than three trees per stand.
Eight points around a tree were sampled: four inner points and four beneath the outer edge of
the canopy, which are then bulked into one single soil sample with a minimum mass of 250 g,
relating to that kauri rootzone.
A map of the kauri rootzone sampling locations is shown in appendix 4.
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5.4 Watercourse sampling
Phytophthora agathidicida is a soil-borne water mould and we know its movement is linked to soil
physiological and hydrological factors. While intense investigation of the risk associated with
watercourses and Phytophthora agathidicida has not been conducted, watercourses have been
confirmed as a vector of Phytophthora and other allied genera such as Pythium and
Nothophytophthora (O’Hanlon et al. 2016; Bellgard et al. 2017).
Because of the variation in the types, depth, and permanency of the watercourses in and around
the Project Site, a nested sampling approach was employed, utilising the traditional “streambaiting” approach in areas of flowing water, as well opportunistic “grab-samples” from nonpermanent, ephemeral pools, and “soil sampling” from points along the watercourse where there
is no flowing or standing water.

Stream baiting from areas of flowing water
For the monitoring of perennial streams, traditional stream baiting was conducted using the
sampling technique described by Randall (2011). Plant leaves (cedar and pine needles) were
placed in plastic “bait-cassettes” and placed in the stream course for two-weeks. At each
sampling location, there were two sampling cassettes, pre-loaded with fifteen cedar and pine
needles, and linked together. The “bait-cassettes” were submerged in the stream at depth of 30
cm below the water surface and secured to one side of the bank. After two weeks the needles
were removed from the cassettes, washed in water and frozen.

Grab-samples from “seasonal” streams and/or pools
In the absence of flowing streams, filtration of one litre “grab samples” of water was collected
from each “pond”. Filtration was validated as an effective method for detecting P. ramorum in
streams in California where this pathogen previously had been recovered (Hwang et al. 2008).
Filtration was found to be more effective and efficient than the “baiting method” for detection of
diverse populations of Phytophthora species in forest streams.

Soil samples from areas of watercourse with no flowing or standing water
Watercourses still reflect a potential past and present risk pathway for the movement of
phytophthora and so sampling still occurred in the absence of water. To maintain consistency in
the approach, in areas where “stream-baiting” or “grab sampling” was not possible due to lack of
water a soil sample was taken. A 250 g sample of the soil will be collected and assessed for
phytophthora presence and identification.
A sample was taken at points where a watercourse intersects a project site boundary,
construction boundary and buffer zone boundary. Additional samples were collected at 25 m
(linear) spacings along the watercourse.
A map of the watercourse sampling locations is shown in appendix 5.
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5.5 Track sampling
The phytophthora species being investigated spreads in soil and with soil if it is moved. Within
known areas of phytophthora presence factors such as slope, host distribution and drainage are
likely to be influencing the spread of phytophthora from the initial point of infection. These are
factors which influence the rate of spread, vegetation infected and the overall size and shape of
the affected area. However, evidence suggests that the highest risk vector for phytophthora
movement into new distinct locations is soil disturbance associated with human activity.

Phytophthora agathidicida has been isolated from track soils as well as soil removed from
tramping boots (Ian Horner pers comm. 2014; Pau’Uvale et al. 2011) and the risk associated
with kauri dieback movement and track networks have been highlighted by reports produced by
the Kauri Dieback Programme (Hill et al. 2012).
A 250 g soil sample was taken at points where a track intersects a project site boundary,
construction boundary and buffer zone boundary. Additional samples were collected at 25 m
(linear) spacings along the track.
A map of the track sampling locations is shown in appendix 6.

5.6 Animal disturbance sampling
Feral pigs have been implicated in the spread of Phytophthora cinnamomi in the O’hia forests of
Hawai’i (Kleijunas and Ko 1976). Krull et al. (2012) identified that pigs have the capacity to
spread Phytophthora cinnamomi on their trotters. Therefore, signs of fresh animal disturbance
were surveyed and geo-referenced. Instances human-mediated disturbance (e.g. farm
infrastructure) were sampled, as these may represent a historical pathway for soil movements.
A 250 g soil sample was taken from the point of disturbance, if the disturbance was longer than
25 m (for instance a sites of illegal driving across the site viewed on the site visit) then samples
were taken every 25 m along the disturbance.
A map of the animal disturbance sampling locations is shown in appendix 7.

5.7 Sample processing and testing
The traditional bioassay for kauri dieback detection involves flooding and baiting of soil samples
followed by plating of plant tissue baits onto phytophthora selective media and visual
identification of the pathogen. Recent research (Winkworth et al. 2020) suggests that
competition among co-occurring oomycetes (e.g., Phytophthora and Pythium species) on the
selective media can result in failure to detect P. agathidicida. Other Phytophthora have faster in
vitro growth rates than P. agathidicida and will therefore tend to overgrow P. agathidicida making
visual detection of this species difficult. To overcome this potential limitation of the conventional
“bait-n-plate” methodology Winkworth et al. (2020) instead implemented an isothermal loopmediated amplification (LAMP) assay for the detection of P. agathidicida. The LAMP bioassay
makes use of the same baiting procedure as the traditional bioassay but instead of plating the
plant tissue baits, total DNA (i.e., DNA from the plant bait and colonising microbes) is extracted
from the baits and subjected to testing using the LAMP assay. Published and unpublished testing
(Winkworth et al., 2020; Winkworth pers comm.) indicates that detection rates for P. agathidicida
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are higher using the LAMP assay.

Soil samples
Baiting of soil samples was conducted under Physical Containment (PC) level 2 at Massey
University, Palmerston North following a standard methodology for P. agathidicida (adapted form
. The soils were first air-dried and then moist incubated for four days; the soils were then flooded
with 500 ml of reverse osmosis (RO) water and five lupin four-day old lupin sprouts were floated
on the water surface. After two days the lupin sprouts were removed; the radicals were removed
using sterile technique, and immediately stored at -20°C.
DNA extractions and LAMP assays for P. agathidicida were carried out as described by Winkworth
et al. (2020); for the present work tests were carried out on a Roche Lightcycler 480 II instrument
rather than Diagenetix BioRanger devices as the former allow 96 samples to be tested
simultaneously. Testing for P. cinnamomi was also conducted using a species-specific LAMP test
(Winkworth et al., in prep). Each reaction set included multiple technical positive (i.e., DNA from
known P. agathidicida or P. cinnamomi isolates) and negative (i.e., no DNA) controls. Additionally,
sprouted lupin radicals, “baited” in RO water for two days were also included as “negative”
controls.
Following baiting flooded soils were decontaminated using an MPI approved procedure (MPI
ABTRT 2020).

Stream baits
Total DNA was extracted from frozen cedar and pine needle stream baits as described for soil
tissue baits by Winkworth et al. (2020). Testing of bait DNA for P. agathidicida and P. cinnamomi
followed the procedure described above for DNA from soil baits. Again technical positive and
negative controls were included as well as DNA from cedar and pine needles not used for baiting.

Grab samples
Grab samples were vacuum filtered onto glass filters with 1.6 μm pore sizes; where necessary
due to high sediment load two or three filters were used. DNA was extracted from up to one
quarter of a filter using the Mackeray-Nagel Nucleospin Soil kit and Water DNA extraction kits.
Testing of grab sample DNA for P. agathidicida and P. cinnamomi followed the procedure
described above for DNA from baits. Again technical positive and negative controls were
included.

6.

Results

6.1 Phytophthora agathidicida and P. cinnamomi detections
The layered approach to sampling has led to a wide distribution of sampling locations across the
entire site with a higher density of sampling in areas identified as higher risk of Phytophthora
agathidicida presence. A map of all sampling locations is shown in appendix 8.
In total 996 samples were taken as part of the kauri dieback surveillance of the proposed water
treatment plant site. Analysis detected Phytophthora agathidicida in 154 samples and
Phytophthora cinnamomi in 128 samples (Table 1).
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Table 1. Results of Phytophthora agathidicida and Phytophthora cinnamomi sampling across
Watercare’s proposed water treatment plant site and adjacent reserve.
Sampling layer

Number of
samples

Number of Phytophthora
agathidicida detections

Number of Phytophthora
cinnamomi detections

Stratified sampling

273

26

5

Kauri rootzone sampling

461

83

108

Watercourse sampling

114

23

7

Track sampling

99

18

3

Animal disturbance sampling

49

4

5

Total

996

154

128

A map of the kauri health survey and complete site detection results is shown in appendix 9.

6.2 Stratified sampling
This generated 273 stratified samples across the site. Analysis detected Phytophthora
agathidicida in 26 samples and Phytophthora cinnamomi in 5 samples.
A map of the stratified sampling detection results is shown in appendix 10.

6.3 Kauri rootzone sampling
In total 431 kauri sapling size and above were recorded during the surveillance:
• 190 were exhibiting no symptoms of kauri dieback.
• 184 were exhibiting ill-thrift
• 57 were exhibiting symptoms of kauri dieback
In addition, 15 kauri seedling clusters were recorded. No seedling clusters were exhibiting
symptoms of kauri dieback.
Six young ricker kauri were recorded within the Extent of Works area.
A map of kauri and kauri dieback status shown in appendix 11.
Each of the individual kauri and seedling clusters were sampled resulting in 461 kauri rootzone
samples. Analysis detected Phytophthora agathidicida in 83 samples and Phytophthora
cinnamomi in 108 samples.
A map of the kauri rootzone sampling detection results is shown in appendix 12.

6.4 Watercourse sampling
The Project Site is in the headwaters of two Waituna Stream tributaries, including Armstrong
Stream to the west and Yorke Stream to the east. Little Muddy Creek estuary is the receiving
environment for the site. In addition to the streams a grid-based search of the area highlighted
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an additional 70 areas of standing/pooling water or areas where previous water movements
were obvious.
This generated 114 watercourse samples across the site. Analysis detected Phytophthora
agathidicida in 23 samples and Phytophthora cinnamomi in 7 samples.
A map of the watercourse sampling detection results is shown in appendix 13.

6.5 Track sampling
Exhibition Drive Track and Clarkes Bush Track transect the site. The grid search also highlighted
an additional informal track network which appeared to have semi-regular use.
This generated 99 track samples across the site. Analysis detected Phytophthora agathidicida in
18 samples and Phytophthora cinnamomi in 3 samples.
A map of the track sampling detection results is shown in appendix 14.

6.6 Animal disturbance sampling
The grid search discovered no signs of pig or large animal presence within the site. 49 instances
of animal disturbance were recorded, and all of these were associated with humans, mainly
associated with pest management activities.
This generated 49 animal disturbance samples across the site. Analysis detected Phytophthora
agathidicida in 4 samples and Phytophthora cinnamomi in 5 samples.
A map of the animal disturbance sampling detection results is shown in appendix 15.

6.7 Positive and negative control samples
The investigation tested 6 ‘positive controls’ using soil samples collected from a private property
in the local area with previously confirmed area of Phytophthora agathidicida. Analysis detected
Phytophthora agathidicida in all 6 samples and Phytophthora cinnamomi in 5 samples.
The investigation tested 2 ‘negative controls’ using baits floated on water with no soil. Analysis
did not detect Phytophthora agathidicida or Phytophthora cinnamomi in either of the samples.

6.8 Detection buffering
Although sampling for kauri dieback in non-kauri areas has not previously been conducted on
this scale, it is accepted practice that for site management purposes such as the works proposed
for the development of the water treatment plant, a 30 m buffer is applied to the point of
Phytophthora agathidicida detection. A map of Phytophthora agathidicida and Phytophthora
cinnamomi detections with a 30 m buffer is shown in appendix 16.
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7.

Conclusions

A field survey confirmed the presence of kauri dieback symptoms within the Project Site, and
surrounding buffer within Clarks Bush.
Analysis of soil samples detected the presence of Phytophthora agathidicida and Phytophthora
cinnamomi in soil taken from the Project Site, and adjoining buffer area within Clarks Bush.
Analysis of water samples detected the presence of Phytophthora agathidicida and Phytophthora
cinnamomi in water taken from the Waituna stream tributary network within the Project Site, and
adjoining buffer area within Clarks Bush.
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Appendix 2 – Selected bibliography of this team’s kauri dieback related outputs
This team has carried out or have been involved in all the kauri dieback surveillance projects
across since 2010 including, but not limited to, the following:
2010 – Investigation into kauri dieback symptomology and design of survey parameters.
2010 to 2018 – Design and implementation of Auckland Council’s active kauri dieback
surveillance plan.
2010 to 2018 – Design and implementation of Auckland Council’s passive kauri dieback
surveillance plan.
2010 – Aerial surveillance of Waitakere Ranges.
2010 – Groundtruthing and sampling of Waitakere Ranges.
2011 to 2012 – On-track survey of kauri health along the track network across Auckland Councilmanaged parks.
2014 – Aerial surveillance of Waiheke and Ponui Islands.
2015 – Design of RFP for PDH student to investigate the use of multispectral surveillance a tool
for kauri dieback detection.
2015 – Technical support for investigation of the use of multispectral surveillance.
2015 – Field support for investigation of the use of multispectral surveillance.
2015 to 2018 – Progress review of investigation of the use of multispectral surveillance.
2016 – Aerial surveillance of Waitakere Ranges.
2016 to 2017 – Groundtruthing and sampling of Waitakere Ranges.
2016 to present – Designed, sort funding for and implemented Kauri Rescue.
2017 – Aerial survey of Hunua Ranges and Awhitu Peninsula.
2017 – Groundtruthing and sampling of Hunua Ranges and Awhitu Peninsula.
2018 – Aerial survey of Northern Auckland.
2018 – Groundtruthing and sampling of Northern Auckland.
2018 – Identification of kauri dieback with 60m of Tane Mahuta, Waipoua Forest.
2019 – Northland Kauri Cone Collection project as part of the Healthy Trees, Healthy Future
programme.
2019 – Phosphite treatment and survey of kauri dieback area in Coromandel.
2019 – Phosphite treatment and survey of kauri dieback area in Auckland.
2019 – Groundtruthing and sampling of 170 potential kauri dieback sites across Northland.
2019 – Groundtruthing and sampling of 20 potential kauri dieback sites across Coromandel.
2020 – Phosphite treatment and survey of kauri dieback area in Coromandel.
2020 – Groundtruthing and sampling of potential kauri dieback sites across DOC land in
Northland
This does not include the numerous workshops, events and seminars on kauri dieback and kauri
dieback surveillance.
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Appendix 3 – A map of stratified sampling locations
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Appendix 4 – A map of the kauri rootzone sampling locations
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Appendix 5 – A map of watercourse sampling locations
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Appendix 6 – A map of the track sampling locations
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Appendix 7 – A map of the animal disturbance sampling locations
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Appendix 8 – A map of all sampling locations
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Appendix 9 - A map of the kauri health survey and complete site detection results
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Appendix 10 - A map of the stratified sampling detection results
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Appendix 11 – A map of kauri and kauri dieback status
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Appendix 12 - A map of the kauri rootzone sampling detection results
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Appendix 13 – A map of the watercourse sampling detection results
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Appendix 14 – A map of the track sampling detection results
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Appendix 15 - A map of the animal disturbance sampling detection results
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Appendix 16 - A map of Phytophthora agathidicida and Phytophthora cinnamomi detections with a 30 m buffer
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