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2 Introduction 

Kauri (Agathis australis, Araucariaceae) is a native conifer distributed extensively in the North 

Island of New Zealand, north of Kawhia. Kauri are of cultural significance for Māori and a national 

icon for all New Zealanders (Lambert et al. 2018). 

The disease known as kauri dieback is caused by the fungal-like chromist, Phytophthora 

agathidicida (Weir et al. 2015). While the first records of kauri dieback were from Great Barrier 

Island in the early 1970s (Gadgil 1974) the disease was not reported on the mainland until 2006, 

although it may have been mis-identified earlier. It is suspected that the disease had been present 

on the mainland for many years before first detection in 2006. Kauri dieback has been confirmed in 

kauri stands in Auckland, Northland and the Coromandel Peninsular. 

In 2008 P. agathidicida was declared an Unwanted Organism under the New Zealand Biosecurity 

Act (1993). Kauri is currently managed by the National Kauri Dieback Programme (National 

Programme), a partnership with Biosecurity New Zealand (part of Ministry for Primary Industries), 

Department of Conservation, Auckland Council, Waikato Regional Council, Northland Regional 

Council, Bay of Plenty Regional Council, and the Tangata Whenua Roopu (representative body for 

hāpu/iwi with an interest in kauri lands).  

To limit the impact of disease, an epidemiological approach is expected to provide a rational, cost-

effective and time-efficient approach to guide the deployment of interventions designed. In brief, 

an epidemiological approach involves: 

1. Establishment of a case definition, allowing cases to be recorded consistently over place 

and time; 

2. Enhancement of surveillance for disease; 

3. Descriptive analyses to describe the distribution of disease over place and time; 

4. Development of hypotheses relating to why some trees are at greater risk of infection, 

compared with others; 

5. Application of intervention measures based on the hypotheses developed in the previous 

step; and 

6. Continued surveillance to record incident cases post application of control measures to 

determine if control measures have been successful. 

This is an adaptive management approach with steps (1) to (6) repeated, if necessary, over time. 

Adjustments to interventions can then be made as additional information is accumulated over 

time. 

This report provides details of a workshop held in May 2019 to achieve consensus among 

stakeholders on two key aspects of an epidemiological approach to kauri dieback control outlined 

above: 
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1. Development of an appropriate case definition for classifying kauri as either dieback-

positive or dieback-not detected; and, 

2. Selection of an appropriate spatial unit of interest that will allow stakeholders to: (a) 

describe the frequency of disease over time; and (b) monitor responses to interventions. 

Additional questions posed by Biosecurity NZ, Ministry for Primary Industries (on behalf of the 

Kauri Dieback Programme) include: 

1. What data are required to describe the prevalence of kauri dieback before the onset of 

formal control measures (‘baseline project’)? 

2. How would baseline monitoring inform decision making and measure intervention success 

over time? 

3. What is the best way to measure and report the prevalence and incidence of kauri 

dieback? How many kauri trees need to be sampled to estimate the prevalence of disease? 

4. How should baseline monitoring outputs be reported against the Kauri Dieback 

Programme or the proposed National Pest Management Plan? 

Section 5 provides definitions of technical terms used in this report. 

 

3 Methods 

A workshop for kauri dieback stakeholders was held at the Ministry for Primary Industries, 17 

Maurice Wilson Avenue, Mangere, Auckland from 10 am to 3 pm on Wednesday 29 May 2019. 

A copy of the workshop agenda and a list of workshop participants is provided in Section 6.1. 

Minutes from the meeting are provided in Section 6.2. 

Following introductions from Bronwyn Mullions and Travis Ashcroft, Karyn Froud and Mark 

Stevenson led attendees through a presentation and group discussion of the steps involved in 

complex disease outbreak management, the elements of a good case definition and why a case 

definition is important for effective disease control. 

In the afternoon, Mark Stevenson facilitated development of group consensus regarding the 

criteria and symptoms that should comprise a case definition for kauri dieback. While Karyn Froud 

led attendees through the principles of selection and definition of a spatial unit of interest for 

recording and reporting of kauri dieback case events. A draft kauri dieback case definition was 

developed using notes made during the early afternoon session. This draft was then presented 

back to the group for comment and editing. A copy of the case definition agreed-on by participants 

is provided in Section 3.1. 

Following the workshop a consultation report with a draft case definition was drafted and released 

for feedback on 25/07/2019 to 53 people due to their previous interest in Kauri dieback, their 

attendance at the Kauri Dieback Programme ‘Baseline workshop’ on the 29 May 2019 in Auckland 
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and the members of the Kauri Dieback Strategic Science Advisory Group and Biological Heritage 

Rapid Implementation Group. A reminder was sent on the 19/08/2019 to the entire group and 

individual reminders were sent up until mid-September to people who had indicated they wanted 

to respond but hadn’t yet done so. 

The following people provided written feedback on the consultation document: 

Murray Fea, You Chin Chew, Chris Green, Tony Beauchamp, Kim Parker, Lee Hill, Gavin Clapperton, 

Philippa Stevens and Lindsay Bulman (in part). 

This report was then finalised based in the feedback received.  

4 Results 

4.1 Consultation 

Most responses for feedback on the draft case definition were from members of the KDP planning 

and intelligence team and two members of the kauri dieback Strategic Science Advisory Group. In 

all cases there was support for developing an agreed case definition and baseline methodology for 

kauri dieback. Based on this feedback modifications were made to the draft case definition. 

Changes in terminology and clarification were made to the definition of a P. agathidicida site 

versus kauri dieback trees. Minor changes were made to the symptomatic criteria. Significant 

change was to the epidemiological criteria (as below). We added clarification to the wording of the 

baseline monitoring methods and examples based on feedback and change to the epidemiological 

criteria. We also clarified and extended the recommendations based on feedback and confirmed 

that a further round of consultation was required. 

4.2 Case definition 

Distinction is made between P. agathidicida sites based on pathogen presence in samples (soil, 

tissue etc.) and kauri dieback trees based on disease presence (i.e. visible symptoms of disease).  

P. agathidicida sites are useful data points for measuring disease spread and risk management. 

Kauri dieback trees are useful data to document the prevalence and geographic extent of disease 

and to monitor disease progression and responses to controls or interventions. 

4.2.1 P. agathidicida sites 

P. agathidicida sites are geospatial locations where the pathogen is confirmed or suspected to be 

present. How inclusive management agencies are with suspect P. agathidicida sites will be 

dependent on their objectives. For measuring disease spread into new regions only confirmed 

cases are likely to be acceptable, whereas for risk management, agencies may include suspect P. 

agathidicida sites to enable site management under the Biosecurity Act. 

A confirmed P. agathidicida site is a point location where the presence of P. agathidicida has been 

confirmed (from a tree, soil or other substrate), using a National Programme approved test at an 

approved laboratory.   



7 
 

A suspect P. agathidicida site is a point location, where the presence of P. agathidicida is 

suspected on the basis that probable or suspect cases of kauri dieback (disease) have been 

recorded. Suspect P. agathidicida sites are recorded at the same point locations as probable or 

suspect cases of kauri dieback. 

4.2.2 Kauri dieback cases (3 classes) 

A kauri dieback tree is a kauri (Agathis australis, Araucariaceae) that meets the symptomatic 

criteria and may meet the epidemiological criteria, as described below, of having kauri dieback 

(disease). There are three classes of kauri dieback-trees: confirmed, probable or suspect depending 

on agreement with the epidemiological criteria. These are summarised in Table 1.  

How inclusive management agencies are with suspect cases will be dependent on their objectives. 

4.2.3 Symptomatic criteria 

The symptomatic criteria for kauri dieback on a kauri tree is meet if a National Programme 

approved trained observer detects one or more of the following symptoms that are consistent with 

kauri dieback: bleeding lesions on the basal trunk, lesions on roots, the presence of canopy 

thinning, yellowing of the foliage, tree death.  

4.2.4 Epidemiological criteria 

The epidemiological criteria for kauri dieback are meet if the tree is located within a radius of 50 m 

of a confirmed P. agathidicida site (point location).  

The epidemiological criteria differ significantly from the draft criteria based on feedback during 

consultation. The draft criteria and consultation responses are detailed in the Appendix. 

4.2.5 Case classification – Kauri dieback cases 

4.2.5.1 Confirmed case 

A kauri dieback confirmed case is a tree that meets the symptomatic criteria and P. 

agathidicida has been confirmed from the tree or from soil sampling specifically around the 

tree using the National Programme approved soil sampling protocol and approved test at an 

approved laboratory. 

4.2.5.2 Probable case 

A kauri dieback probable case is a tree which meets the symptomatic criteria AND the 

epidemiological criteria (i.e. a tree that has symptoms, no laboratory confirmation (either 

no test or an undetected test) but is within 50m of a confirmed P. agathidicida-positive 

site.  

4.2.5.3 Suspect case 

A suspect case of kauri dieback is a tree that meets the symptomatic criteria listed above 

but DOES NOT meet the epidemiological criteria (i.e. a tree that has symptoms, no 

laboratory confirmation (either no test or an undetected test) and is not within 50m of a 

confirmed P. agathidicida site).  
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4.2.6 Case classification – Non-cases 

Note a non-case relates to absence of disease NOT to presence or absence of the 

pathogen. 

Unhealthy kauri – other causes, is a tree that may meet the symptomatic criteria, and 

possibly even the epidemiological criteria, but in the expert opinion of the trained 

observer the cause of ill-health is not kauri dieback related and rather is associated with 

other causes such as lightning strike, drought, flooding etc.. It is useful to classify these 

trees separately to non-cases. 

Non-cases – are kauri trees that do not meet any of the symptomatic criteria but may meet the 

epidemiological criteria.  

Table 1: Proposed criteria for confirmed, probable, suspect case and non-cases (unhealthy and 

non-cases) of kauri dieback. 

Case 

classification 

Test positive Symptomatic 

criteria 

Epidemiological 

criteria 

Approved observer 

Confirmed Yes Yes Yes or no Yes 

Yes 
Probable No Yes Yes Yes 

Suspect No Yes No Yes 

Unhealthy kauri No Maybe Yes or no Yes 

Non-cases No No Yes or no No 

 

4.2.7 Use of case classifications 

For disease management, confirmed, probable and suspect cases may be grouped 

together. For analyses designed to determine the influence of environmental factors that 

are contributing to disease development (e.g. soil type, moisture retention) there would 

be interest to identify the characteristics of kauri that made them more likely to show 

signs of disease by grouping confirmed, probable and suspect cases together and 

comparing them with unhealthy kauri and non-cases. 

It is important to note that the existing canopy health score system is not intended to be 

replaced by the proposed case definition. Canopy health scores contribute to the case 

classification (within the symptomatic criteria) and separately provide information on the 

severity of disease within a site. For disease management it is anticipated that a map 

showing disease prevalence (case classification) of trees will be presented alongside a 

map describing disease severity (canopy score) for the same site. 

4.3 Spatial unit of interest 

The case definition of a kauri dieback-positive tree refers to individual trees and data are 

collected relating to individual trees. For this reason, it is recommended that the spatial 

unit of interest is an individual kauri tree for seedlings, saplings, rickers and mature trees. 

Given widespread access to global positioning system (GPS) enabled hardware (i.e. hand-

held GPS devices) it is recommended that the coordinates of point locations of suspect, 

probable and confirmed case trees are recorded using hand-held GPS devices in New 
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Zealand Transverse Mercator (NZTM). In addition to location, the approximate diameter 

of the trunk of the affected tree should be recorded as well as the canopy score and trunk 

diameter at breast height. Along with environmental and management variables. 

Recording case locations at the finest level of spatial detail possible will ensure it is 

possible to carry out detailed geospatial analyses to determine the influence of local 

(micro) environmental effects (e.g. slope, aspect) on kauri dieback risk in the short to 

medium term future (Nguyen et al. 2011). 

Case locations recorded at the point level can be aggregated up to the small area level for 

reporting to policy makers or stakeholders, as individual circumstances dictate. This may 

include a spatial polygon for biological zones (the canopy range or estimated rootzone of 

trees, hygiene zones, risk zones such as uphill and downhill water flow, watersheds and 

catchments) or for land management zones (conservatory, forest, rohe, takiwā or 

territorial authority boundaries). 

The extent of the drip line for individual trees has been excluded from our definition of 

the spatial unit of interest for the following reasons: (1) the soil area is only relevant for 

those trees where a soil sample has been taken; (2) defining the boundary of a drip line 

would increase the amount of data to be collected by field staff; (3) data collected on the 

population of trees at risk is at the individual tree level (see below); and (4) drip lines will 

overlap with other trees that may have a different disease status. 

4.4 Baseline monitoring methodology considerations 

4.4.1 What data are required to describe the prevalence of kauri dieback? 

We recommend that the following data are collected to estimate the prevalence of kauri 

dieback before the onset of formal control measures (based on the comments made in 

Section 3.3.3): 

1. Details of the point location of confirmed, probable, at-risk and suspect cases. 

Existing data which uses a range of different disease status classifications can be 

re-classified for this purpose. 

2. Raster maps showing the geographic distribution of kauri density. Which we 

understand are available. 

4.4.2 How would baseline monitoring inform decision making? 

The following comments and suggestions are made in relation to how baseline monitoring 

can be used to inform decision making and measure the success (or otherwise) of disease 

control interventions. 

1. Numeric estimates of kauri dieback prevalence at the forest, catchment or regional 

park level can be used to prioritise (rank) areas, allowing control and investigative 

resources to be allocated accordingly to optimise the effectiveness of 

interventions. 
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2. Prevalence estimation conducted at regular intervals (say) every 12 to 24 months 

after a base-line prevalence study will provide an indication of how quickly disease 

is spreading in areas of interest and if control measures are slowing disease spread 

and reducing the impact of the disease over time. 

3. Disease prevalence mapping techniques provide the opportunity to identify 

specific locations within an area of interest in which the frequency of disease is 

relatively high. 

4. Presentation of prevalence maps to technical stakeholders (such as those that 

attended the May 2019 meeting) will allow hypotheses to be generated regarding 

disease spread. These hypotheses can then be tested by collecting the appropriate 

data followed by application of appropriate statistical techniques. 

5. Quantitative evidence of the success (or otherwise) of disease control 

interventions will be provided by prevalence estimation and changes in severity of 

disease over time. 

4.4.3 What is the best way to measure the frequency of kauri dieback? 

Objective comparisons of the frequency of disease can only be made if case numbers are 

reported as a fraction of the total number of kauri trees that are at risk. When the entire 

population of trees cannot be enumerated with ease, calculations can be carried out to 

determine how many trees need to be sampled to estimate prevalence at a given 

precision and level of confidence, allowing statements such as ‘sufficient numbers of trees 

were assessed to be 95% confident that our estimate of the prevalence of kauri dieback 

was within 5% of the true population value’ to be made. This is important for defining 

areas that are free from disease. 

Figure 1 is a line plot showing the number of kauri to be sampled to be 95% confident that 

the prevalence of kauri dieback within a given study area is within 5%, 10% and 20% of the 

true population value for prior prevalence estimates ranging from 5% to 95%. In 

summary, required sample sizes reduce as: (a) the estimated prior prevalence of disease 

increases; (b) the relative error increases; and (c) the level of confidence in the prevalence 

estimate decreases. The data presented in Figure 1 are shown in tabular format in Table 2. 
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Table 2: Number of kauri trees to be sampled to be 95% confident that the prevalence of kauri 

dieback is within 5%, 10% and 20% of the true population value for prior prevalence 

estimates ranging from 5% to 95%. 

Prior estimate of prevalence  Precision  

 5% 10% 20% 

5% 7246 3233 1821 

15% 2172 967 544 

25% 1151 512 288 

35% 713 317 178 

45% 469 209 117 

55% 314 140 79 

65% 207 92 52 

75% 128 57 32 

85% 68 30 17 

95% 20 9 5 

 

Numerous online tools are available for calculating sample sizes to estimate a prevalence, 

see http://252s-epi.vet.unimelb.edu.au:3838/epi/sample.size/ for an example. 

4.4.4 Options to measure kauri dieback frequency 

Several options are available for estimating the prevalence of kauri dieback against the 
population at risk. 
 
Option 1. The most accurate way to estimate the frequency of kauri dieback is to: 

(a) define the boundaries of an area of interest;  

(b) count the number of confirmed, probable and suspect cases of kauri dieback within 

the area of interest at a single point in time (the numerator); and  

(c) count the total number of kauri trees in the area of interest (the denominator). 

Kauri dieback prevalence for the area of interest equals the number of (confirmed, 

probable or suspect) cases divided by the total number of trees at risk. 

Option 2. Given the difficulties in enumerating every kauri present in an area of interest a 

second option for quantifying disease frequency would be to: 

(a) define the boundaries of an area of interest; 

(b) count the number of confirmed, probable or suspect cases of kauri dieback within the 

area of interest at a single point in time (the numerator), as shown in Figure 2; and  

(c) use remote sensed imagery to enumerate kauri forest density. Given knowledge of the 

size of the area of interest and size of areas within the area of interest with a non-zero 

density of kauri, the total number of trees within an area of interest could be 

approximated.  

http://252s-epi.vet.unimelb.edu.au:3838/epi/sample.size/
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Kauri dieback prevalence for the area of interest equals the number of (confirmed, 

probable or suspect) cases divided by the approximate number of kauri trees at risk. 

While development of host recognition remote sensing is still in development, it is 

sufficiently accurate to estimate a population, excluding non-emergent life stages 

(seedlings and saplings). 

Option 3. For the situation where observations are made on trees adjacent to walking 

tracks the approach would be to:  

(a) define the boundaries of an area of interest;  

(b) count the number of confirmed, probable or suspect cases of kauri dieback within a 

defined distance from specified walking tracks (the numerator); and  

(c) count the total number of kauri trees within the same distance from the same walking 

tracks.  

Kauri dieback prevalence for the area of interest equals the number of (confirmed, 

probable or suspect) cases divided by the number of kauri trees at risk. This approach 

could also be applied where transects are taken or where randomised swathes of forest 

are flown, visually assessed and then ground-truthed (i.e. when the number of cases of 

kauri dieback directly observed are divided by the total number of kauri trees that are 

directly observed). In some situations, suspect cases may be excluded from analysis. 

Option 1 provides the most accurate measure of the frequency of kauri dieback, but there 

is no guarantee that all stakeholder groups will be able to enumerate every tree in every 

area of interest accurately. In addition, it is possible that while some stakeholders might 

be very accurate at enumerating trees others may be far less accurate. This will lead to 

over- and under-estimates of the true frequency of disease in different areas (i.e. 

misclassification bias), making the ability to carry out objective area-level comparisons 

difficult. 

Option 2 allows stakeholders to focus on their immediate area of interest and concern: 

identifying and enumerating kauri dieback cases. Use of remotely sensed images as a 

proxy for the size of the population at risk will provide less biased estimates of kauri 

dieback prevalence across different areas of interest and over time. 

With Option 3, there is some evidence that kauri associated with tracks are at higher risk 

of disease and therefore option 3 would give an estimate of disease prevalence within the 

track network, but could not be used to extrapolate disease prevalence to the wider 

forest, or be used to test the hypothesis that tracks are associated with higher risk or that 

track closures are an effective intervention. 

However, Option 3 applied to transects or swathes where these are representative of the 

study area will give an estimate of kauri dieback prevalence which should be an unbiased 

estimate of the true prevalence in the wider area of interest. 
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4.4.5 How should baseline monitoring outputs be reported? 

There are two complimentary options for reporting the prevalence of kauri dieback at 

baseline: 

1. Numeric estimates of prevalence at the area level (e.g. a forest, watershed or 

regional park). 

2. Raster maps showing the spatial distribution of kauri dieback prevalence. 

For each of these methods, we assume that the point locations of confirmed, probable or 

suspect kauri cases and raster maps of kauri density are available. In the absence of actual 

kauri dieback case data, data presented in a similar format are used for illustration of the 

recommended techniques for this report. 

Future development of disease prevalence maps of kauri dieback should abide by good 

practice for image development for colour blindness. 

The example data set provides details of the location of foot-and-mouth disease (FMD) 

positive villages in Peninsular Malaysia in 2011 to 2017 (OIE 2016) as the numerator and 

raster maps of the density of villages in Peninsular Malaysia as the denominator. 

Numeric estimates of prevalence at the area level 

A map of the point locations of FMD-positive villages in Peninsular Malaysia for the period 

2011 to 2017 is shown in Figure 3a. Figure 3b is a raster map of Peninsular Malaysia 

showing the density of villages or townships for the same time frame. 

We assume that Peninsular Malaysia corresponds to an area of interest for estimation of kauri 

dieback prevalence (e.g. a regional park). 

Numeric estimate of kauri dieback prevalence at the area level: 

Step 1. Count the number of confirmed, probable and suspect kauri within the boundaries 

of the area of interest. 

Step 2. Take the density of kauri in each raster cell and multiply it by the area of each cell 

to return the approximate number of kauri per cell. Sum the estimated number of kauri in 

each raster cell to return the approximate total number of kauri at risk in the area of 

interest. 

Step 3. Prevalence equals the number of disease-positive kauri (confirmed, probable and 

suspect) divided by the estimated total number of kauri trees at risk. Quote prevalence as 

the number of disease-positive kauri per 100 kauri at risk. Provide exact confidence 

intervals for the prevalence estimate (Collett 1999). Numerous on-line tools are available 

for calculating the confidence interval for a prevalence, for an example see: http://252s-

epi.vet.unimelb.edu.au:3838/epi/conf.int/. 

Example calculations for the Peninsular Malaysia FMD example and the equivalent metrics for 

kauri dieback are shown in Table 3. 

http://252s-epi.vet.unimelb.edu.au:3838/epi/conf.int/
http://252s-epi.vet.unimelb.edu.au:3838/epi/conf.int/
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Table 3: Analytical procedures to estimate the prevalence of disease using the point location of 

disease-positive sites (e.g. confirmed, probable and suspect kauri dieback cases) and a raster 

map of site density. 

Procedure Peninsular Malaysia FMD Kauri dieback 

Define the area of interest. Peninsular Malaysia. XYZ forest 

Count the number of disease-
positive sites within the 
boundaries of the area of interest. 

For the period 2011 to 2017 
there were 113 FMD-positive 
villages in Peninsular Malaysia. 

In a baseline cross-
sectional study carried out 
in 2019, there were N 
confirmed, probable and 
suspect kauri in XYZ forest. 

Take the density of sites in each 
raster cell and multiply it by the 
area of each cell to return the 
approximate number of sites per 
cell. Sum the estimated number 
of sites in each raster cell to 
return the total number of sites in 
the area of interest. 

Based on a raster map of 
village density, there are 
approximately 11,517 villages 
(i.e. populated places) in 
Peninsular Malaysia 

Based on a raster map of 
kauri density, there are 
approximately M kauri in 
XYZ forest. 

Prevalence equals the number of 
disease- positive sites divided by 
the estimated total number of 
sites at risk. Quote prevalence as 
the number of disease-positive 
sites per 100 sites at risk. 

The [period] prevalence1 of 
FMD in Peninsular Malaysia 
for the period 2011 to 2017 
was 0.98 (95% CI 0.81 to 1.17) 
FMD-positive villages per 100 
villages at risk. 

The prevalence of kauri 
dieback in XYZ state forest 
in 2019 was (N÷M) x 100 
(95% CI CC to DD) kauri 
dieback-positive trees per 
100 trees at risk. 

1 Period prevalence equals the number of FMD-positive villages at the start of the follow-up 
period plus the number of incident FMD villages that occurred during the follow-up period, 
divided by the size of the village population at risk. Period prevalence is used for the Malaysian 
FMD data because FMD cases were accumulated over several years, 2011 to 2017. 

 

Raster maps showing the spatial distribution of kauri dieback prevalence  

For disease mapping, two options are available. 

1. Plot the prevalence of confirmed, probable and suspect kauri per 100 trees per 

square kilometre (Pfeiffer et al. 2008) as shown in Figure 4a. 

2. Plot the odds of confirmed, probable and suspect kauri, as shown in Figure 4b. Plot a 

raster map showing the density of confirmed, probable and suspect kauri, a raster 

map of kauri dieback-non-case (non-cases and unhealthy kauri) trees and divide 

the kauri dieback-positive raster map by the kauri dieback-negative map to return 

the odds of kauri dieback. When the density of kauri dieback-positive trees equals 

the density of kauri dieback-negative trees the odds will equal 1. When the density 

of kauri dieback-positive trees is greater than the density of kauri dieback-negative 

trees the odds will be greater than 1. When the density of kauri dieback- positive 

trees is less than the density of kauri dieback-negative trees the odds will be less 

than 1. 
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While prevalence maps (Figure 4a) have the advantage of being relatively easy to 

understand it can be difficult (when the prevalence of disease is highly skewed) to show 

the subtle features of the geographic distribution of disease using equal interval legend 

colour scales. 

Taking the logarithm of an odds map, on the other hand (Figure 4b), has the advantage of 

being able to show a higher level of spatial detail. The disadvantage is that disease 

prevalence expressed in terms of log odds is a metric that is not familiar to lay audiences 

(e.g. the general public, decision makers). 

4.4.6 Reporting against the proposed National Pest Management Plan 

The proposed National Pest Management Plan lists the following objectives: 

1. To maintain kauri dieback free areas. 

2. To significantly reduce the spread of kauri dieback. 

3. To significantly reduce the impact of kauri dieback. 

4. To protect iconic trees. 

The procedures and recommendations provided in this report specifically address each of 

the objectives listed above. Numeric estimates of kauri dieback prevalence and the 

production of prevalence maps will allow the geographic extent of disease to be 

objectively described. This will identify kauri dieback free and kauri dieback low 

prevalence areas, allowing interventions to be put in place to ensure that this status is 

maintained. 

Numeric estimates of prevalence and prevalence maps developed on an annual or 

biannual basis will allow stakeholders to make objective assessments of disease spread 

and, over a much longer time period, provide a means for assessing the effectiveness of 

control measures. Based on this knowledge, control measures can be adapted accordingly 

to reduce both the rate of spread and the impact of kauri dieback. 
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5 Recommendations 

1. Following feedback, we propose a new case definition for ‘kauri dieback’ based on 

slightly modified symptomatic criteria and an adjustment to the epidemiological 

criteria to a proximity measure of within a 50 m radius of a ‘confirmed P. 

agathidicida site’. 

2. Following feedback with KDP representatives we added a suspect P. agathidicida site 

as a point location, where the presence of P. agathidicida is suspected on the basis that 

probable or suspect cases of kauri dieback (disease) have been recorded. 

3. The case definition provided as part of this report refers to individual trees. For 

this reason, it is recommended that the spatial unit of interest for monitoring is an 

individual kauri tree for all age classes (seedlings, saplings, rickers and mature 

trees). 

4. We recommend that the existing surveillance data within the National Programme 

and other agencies reclassify their data to meet the definition of a) a P. 

agathidicida site, classified as confirmed or suspect, and b) kauri dieback cases 

classified as confirmed, probable, suspect and non-cases following final 

agreement.  

5. We recommend that the proposed case definitions be tested by KDP partners in an 

operational based workshop using existing data that has been reclassified to the 

proposed case definitions to test operational decision-making requirements by the 

partners. 

6. Because of the magnitude of change to the original proposed case definition, we 

recommend further consultation with stakeholders to provide the opportunity for 

the new case definition proposed in this report to be accepted or modified, if 

necessary. The importance of this step cannot be over emphasised. Put simply 

without stakeholder endorsement the ability to objectively document the 

occurrence of new cases of kauri dieback over time and to monitor responses to 

disease control interventions over time will be compromised. 

7. It is recommended that all P. agathidicida sites and kauri dieback cases are 

recorded in a centralised database where possible, both from within the National 

Programme partners and from other sources e.g. research, community groups, 

mana whenua. This needs to abide by appropriate cultural IP practices, and clearly 

state the source of the data and whether the data is from an ‘approved observer’ 

(i.e. trained sufficiently to classify kauri dieback as per the case definition). 

8. Aerial imagery is available to be used to provide estimates of the geographic 

density of kauri in forest areas. It is recommended that kauri density estimates be 

tested for accuracy when setting up long term monitoring plots and updated over 

time as kauri are lost to disease. Using this approach, reports can be generated for 

both biological and management agency spatial zones. 
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9. Numeric estimates of kauri dieback baseline prevalence at the management unit 

of interest such as forest, watershed or regional park level can be used to prioritise 

risk areas, allowing control and surveillance resources to be allocated accordingly. 

Ongoing incidence (refer to terminology) estimation conducted at regular intervals 

(say) every 12 to 24 months after a baseline prevalence study will provide an 

indication of how quickly disease is developing in areas of interest. Prevalence and 

incidence mapping techniques (described in detail in this report) provide the 

opportunity to identify specific locations within an area of interest in which the 

frequency (incidence or prevalence) of disease is relatively high. 

10. We support the recommendation to carry out long-term demographic modelling of 

kauri populations (Black & Dickie 2016; Kauri Dieback Strategic Science Advisory 

Group 2018). In addition baseline prevalence data and ongoing monitoring of 

incidence (and other biotic and abiotic risk factors) would enable the expected 

timing of responses to interventions to limit the spread or impact of kauri dieback 

to be estimated and communicated to stakeholders and quantify the impact of 

other factors on disease development. 

11. There remains a need for a training module for the National Programme to 
standardise assessment of the agreed symptomatic criteria for approved 
observers, as an approved observer in one area might take yellowing foliage by 
itself as diagnostic and classify thousands of trees as diseased on that basis, while 
another wouldn’t. It is also recommended that a register be kept of who has meet 
the approved observer training so that this can be matched with the database. i.e. 
it is a component of meeting the case definition.  
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6 Terminology 

Case definition In epidemiology a case definition lists the criteria by which health 

professionals determine whether an individual’s illness is included as a 

case in an outbreak investigation. 

Drip line In horticulture a drip line is the area directly located under the outer 

circumference of a tree’s branches. 

Incidence The number of new cases of disease in a defined population within a 

defined period of time. 

Index case In a disease outbreak the index case is defined as the first individual 

identified as disease positive. 

Misclassification 

bias 

Deviation of the observed result from the true result arising from 

measurement error. 

Odds The ratio of the number of case events to the number of non-case 

events. 

Period 

prevalence 

Period prevalence is defined as the number of disease-positive 

individuals in a population at a given point in time plus a count of the 

new cases that occur over a defined follow-up period, expressed as a 

proportion of the size of the population at risk. 

Precision Precision is a description of random error, a measure of statistical 

variability. 

Prevalence Prevalence is the proportion of individuals in a population having a 

disease at a given point in time. 

Relative error Relative error is the discrepancy between a variable’s true value and an 

estimate of the variable, usually based on a sample. 

Sensitivity (Se) Proportion of trees with the disease that will test positive.  

i.e. 

𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠

𝑇𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠 + 𝑓𝑎𝑙𝑠𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠
 

Where false negatives are trees that test negative but do have disease. 

Highly sensitive tests can be used to rule-out disease because they will 

have few or no false negatives e.g. if we fail to detect P. agathidicida 

from the leading edge of a fresh lesion where the lateral flow device 

has indicated phytophthora, it is most likely that it truly isn’t P. 

agathidicida.  Less sensitive tests such as soil samples may fail to 

detect P. agathidicida even when it is present. Typically, if a test has 

high sensitivity it will have lower specificity (i.e. you will find almost all 
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cases of disease (high SE), but you will also call lots of things diseased 

that are not (low Sp). 

 

Specificity (Sp) Proportion of healthy trees that will test negative 

i.e.  

𝑇𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠

𝑇𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠 + 𝑓𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠
 

Where false positives are trees that test positive but do not have 

disease. Highly specific tests will have very few or no false positives e.g. 

if we detect P. agathidicida in a soil sample using culture and 

sequencing it is almost certainly P. agathidicida.  Less specific tests may 

detect ‘P. agathidicida’ but actually be a cross-reaction detecting a 

different species of Phytophthora. Typically, if a test has high specificity 

it will have lower sensitivity (i.e. the cases you find are truly diseased, 

but you will miss quite a few cases of disease). 

 

Surveillance The systematic ongoing collection, collation, and analysis of 

information related to health and the timely dissemination of that 

information to those who need to know so that action can be taken. 

Includes long-term monitoring. 

Symptoms Physiological or structural changes in a plant that indicate the presence 

of disease. 
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8 Figures 

 

Figure 1: Line plot showing the number of kauri trees to be sampled to be 95% confident that 

the prevalence of kauri dieback is within 5% (red), 10% (green) and 20% (blue) of the true 

population value.  
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(a) High prevalence area 

 

(b) Low prevalence area 

Figure 2: Aerial photographs of the type that would be suitable for prevalence estimation 

Option 2 for: (a) an area of high kauri dieback prevalence; and (b) an area of low kauri 

dieback prevalence. Acknowledgements: A. MacDonald (Biospatial Ltd. Photoblique 

Software).  Note these examples use the epidemiological criteria of 3x the dripline to 

classify cases.  
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(a) Point location of FMD-positive villages 

 

(b) Density of villages 

Figure 3: Maps showing: (a) the point location of FMD-positive villages in Peninsular 

Malaysia in 2017; and (b) the density of villages and townships (expressed as number per 

square kilometre) in Peninsular Malaysia for the same time frame.  
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(a) Period prevalence 

 
(b) Log odds 

 
Figure 4: Maps showing: (a) the [period] prevalence of FMD in Peninsular Malaysia, 
expressed as the number of FMD positive villages per 100 villages per square kilometre; 
(b) the log odds of FMD. In (b) contour lines have been included to show the top 5% of log 
odds estimates.  
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9 Appendix 1 – Draft epidemiological criteria 

Draft epidemiological criteria  

The draft epidemiological criteria prior to consultation was: 

A kauri tree meets the epidemiological criteria for having kauri dieback if it is located within a 

radius three times the length of the drip line of a confirmed case of kauri dieback (defined below)  

(Figure 5.) 

This did not seem a pragmatic option and a consultation question was posed: 

Acknowledging that drawing a drip line around all confirmed cases might be a laborious and time-

consuming task (subject to measurement error and subjective), a more operationally workable 

epidemiological criteria for kauri dieback might be kauri trees located within the same watershed 

or water catchment area of a confirmed case. We request feedback on the most practical proximity 

criteria for the epidemiological criteria component of the case definition. 

 

Figure 5: Diagram explaining the spatial extent of a tree’s drip line and estimation of the 

extent of a tree’s root zone as three times the length of the drip line. 

Based on consultation feedback the use of watershed or water catchment area was considered far 

too large to be practical or biologically meaningful. Key comments that support this were: 

• While broadening the epidemiology criteria to include all trees within a 

catchment/watershed would save a lot of time, it would clearly have a major impact on the 

case classification results.  A much higher number of trees would potentially be classified 

as Asymptomatic high risk.  

• If your watershed definition is linked back to the …draft epidemiological criteria… then all 

of your highlighted “or” statements in each of the “probable” “asymptomatic high-risk” 

and “suspect’ cases mean that every kauri tree in the catchment of a “confirmed” tree will 

be included in each of these cases. Essentially the “or” statements make it a catchment by 

catchment distribution, i.e. more of a landscape scale assessment.  
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• For finer scale, tree by tree monitoring of population trend, which is the level I interpret 

your later sections, I think your epidemiological criteria make it too coarse scale for a soil 

borne pathogen because natural spread is a lot slower than a catchment by catchment 

approach. 

• This definition is not well tied into the sampling of a kauri in surveillance which could be a 

tree within 15 to 50 m of the index tree.  

• If you were to use a wider definition than 3 times the radius of the dripline then I would 

move to 50 m. 

• Because bush is often fragmented, we wouldn’t say an entire catchment (or watershed) is 

infected.  

• Disagree, as what we might consider a watershed could be very large and have ambiguous 

edges in non-hilly terrain. 

• I do not agree with this as watersheds can be hundreds of hectares. 

• Down slope, within landscape boundary yes but not watershed. 

• Soil samples are taken around the most symptomatic tree, using the 4 cardinal points 

method described in Waipara et al. (2013) with four samples within 1.5 m of the tree trunk 

and in many cases, four more samples extending out to the dripline are included. This 

dripline is often shared by other kauri in the vicinity. 

• The best estimate for disease extent would to my mind be the root zone extent of the kauri 

stand from which the pathogen has been isolated. 

• I don’t think it’s possible to define an area. I think that’s where the workshop landed, and 

where we ended up referring to trees again. 

• I think your epidemiological criteria make it too coarse scale for a soil borne pathogen 

because natural spread is a lot slower than a catchment by catchment approach. 

• This could be over a ridge from a confirmed case and in my opinion would require further 

sampling before being classified or at least show multiple symptoms 

• A water catchment is too big (and WRC would oppose that description) to say yes to having 

dieback, and I’ve been trying to think how else you can describe and I’m not sure how else 

you would describe this. How are they doing it Australia / California?    
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10 Appendix 2 – Workshop Agenda, minutes and presentations 
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