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Executive Summary 

Current methods for detecting kauri dieback disease (Phytophthora agathidicida) have a number of 
limitations. Scent detection dogs have huge value in other fields of biosecurity, due to their ability to 
produce instantaneous diagnoses in the field for relatively low cost. This report summarises progress 
to date on a pilot project to scope and trial a scent detection dog for kauri dieback disease. A 
literature review indicated that scent detection dogs are capable of detecting a range of microbial 
taxa with levels of accuracy comparable to those of scent detection dogs used for other taxa, and 
broadly comparable to current methods used for detecting kauri dieback disease. However 
background literature was unable to answer some important questions, including whether dogs are 
able to distinguish between closely related microbial taxa (required in order to ensure kauri dieback 
disease can be distinguished from other Phytophthora spp.), and whether the dormant oospore 
stage would be detectable. 
 
Scent detection training was piloted with a Labrador dog ‘Paddy’. Training involved kauri dieback 
disease cultured on oat grains, along with three control treatments (uninoculated oat grains; grains 
inoculated with P. cinnamomi; grains inoculated with P. multivora). Paddy’s sensitivity (kauri dieback 
samples positively identified) in a replicated handler-blinded test was 87% on the first attempt and 
100% on second attempt. Specificity (negative samples correctly identified as negative) was 96%. 
These results are very encouraging and strongly indicate that Paddy is able to identify kauri dieback 
disease and to differentiate it from other common Phytophthora species. 
 
Further training was initiated to expose Paddy to kauri dieback disease in more complex situations, 
initially using a mixture of greenhouse-grown inoculated kauri seedling roots and the potting mix soil 
in which they were grown. However, this phase of training was cancelled due to Paddy’s inability to 
focus on the samples and commands. Paddy had evidently been suffering boredom for some time, 
apparently reflecting the confined conditions in which training was undertaken in order to comply 
with Unwanted Organism permit restrictions. This is considered to be the most likely cause of his 
failure to progress well in this phase of training. More flexible permit conditions are required in 
order to effectively progress this project to the next stage. 
 

Project background 

Pathogens present numerous challenges as invasive species, not least of which being their 

microscopic nature and consequent difficulties in identifying presence/absence. Current detection 

methods for kauri dieback disease have a number of constraints including, inter alia:  

• Considerable time-lag between sample collection in the field and subsequent laboratory 

diagnosis. 

• Inability to delimit infection in the field at a fine landscape scale. 

• Cost (c.$135 per sample). 

Scent detection dogs have demonstrated huge value in other fields of biosecurity, due to their ability 

to produce instantaneous diagnoses in the field for relatively low cost (c.$2,000 per year to maintain 

a dog), as well as their ability to engender publicity and positive public engagement. Possible uses 

for a kauri dieback detection dog include delimiting of disease in the field; hygiene accreditation 

checks for nurseries; public advocacy and engagement while checking disease status of footwear and 

other equipment at wharves or events. However, the feasibility of a scent detector dog with respect 

to these and other scenarios involving kauri dieback disease was unknown. This project was 



therefore initiated to 1) undertake a background literature review to scope project feasibility, and, 

given a promising outcome from the literature review 2) undertake pilot training with a dog “Paddy”.  

Literature review 

Dogs and biological scent detection 
Dogs have highly developed olfactory systems and are therefore used to aid detection of a wide 

variety of living and non-living material. In wildlife ecology and biosecurity dogs have proved 

successful in species-specific detection across a range of taxa including vertebrates (e.g. Cablk and 

Heaton 2006; Gsell et al. 2010), invertebrates (e.g. Brooks et al. 2003; Pfiester et al. 2008; Lin et al. 

2011; Zahid et al. 2012), weeds (e.g. Godwin 2010), and pathogens (Martin 2011; Mittleman 2016).  

Scent detection dogs have previously been trained for tree pathogens, although there are relatively 

few details of these projects available in the accessible literature. Dogs are used to detect the 

Huanglongbing bacteria in orange orchards in America in order to reduce further spread of the 

disease (Mittleman 2016). Similarly dogs have at least shown promise in preliminary pilot work 

aimed at detecting two fungi, Leptographium and Heterobasidion, which infect pine tree roots and 

cause Southern Pine Decline (Martin 2011; American Kennel Club 2015).  

 

Dog have been more extensively used to detect human pathogens or diseases, both in samples of 

bodily fluids or breath (e.g. Cornu et al. 2011) and within indoor environments (Wolfgang et al. 2001; 

Kauhanen et al. 2002). Kauhanen et al. (2002) tested the ability of dogs to detect a range of 

microbial taxa on pieces of timber hidden inside a domestic building; three wood rot fungi (Serpula 

lacrymans, Coniophora puteana and Antrodia sinuosa), five other fungal taxa (Cladosporium 

herbarum, Trichoderma viride, Botrytis cinerea, Penicillium verrucosum and Aspergillus niger), and 

five strains of the bacteria Streptomyces sp. Overall, dogs displayed a low false positive rate (90% 

specificity) when detecting microbial growth in an indoor environment, and this value is likely to be 

conservative because the study’s authors considered that at least some false positives were 

attributable to poor hygiene during the study setup (Kauhanen et al. 2002). False negatives occurred 

somewhat more frequently than false positives. Sensitivity (number of positive samples correctly 

detected) was only 75% overall (Kauhanen et al. 2002). Other detection methods for kauri dieback 

also show a trend of more frequent false negatives than false positives (Stacey Hill pers. comm. 18th 

February 2014). Therefore, while false negatives are of concern, it is possible that they may not be 

any more of an issue for sniffer dogs than for existing technology, and could be mitigated by follow-

up laboratory based confirmation where deemed appropriate. In some instances dogs were more 

successful in detecting fungi than bacteria (Kauhanen et al. 2002). These authors do not, however, 

detail whether the dogs were able to search for a specific individual pathogen rather than simply 

discriminating between infected and non-infected material. 

Studies examining dogs’ ability to detect cancer from urine samples or exhaled breath tend to report 

levels of sensitivity and specificity similar to those described above for identification of indoor wood 

microbes; negatives correctly identified around 80-90% of the time, and positives correctly identified 

in around 70% of cases (e.g. Cornu et al. 2011; Ehmann et al. 2011, 2012; Buszewski et al. 2013). 

 Johnen et al. (2013) reviewed all literature on scent detection by dogs across all target 

taxa/diseases, and found that for studies in which success rates had been rigorously tested, 



sensitivity ranged from 88-100% and specificity from 91-99%. Consistent with this overall trend, Rhys 

(Auckland Council’s Argentine ant dog) is able to correctly identify Argentine ants approximately 90% 

of the time (Brian Shields pers. comm. 19th February 2014). Therefore there are reasonable grounds 

to explore the potential of a kauri dieback sniffer dog, based on known capability of detector dogs 

with respect to other taxa. What does not appear to have been tested for any type of pathogen is 

the ability of dogs to discriminate among closely related pathogen taxa. 

Microbial Volatile Organic Compounds (MVOCs) 
Microbes emit volatile organic compounds (MVOCs) during growth, and the chemical profile of these 

emissions varies among microbial species (Fischer et al. 1999; Korpi et al. 1999; Polizzi et al. 2012). 

Gas chromatography and mass spectrometry (GC-MS) can therefore be used to produce species-

level identification of microbes such as moulds and crop pathogens based on emission profiles 

(Vickram et al. 2005; Polizzi et al. 2012), although not all studies have successfully identified species-

specific MVOC profiles for their study organisms (Lui et al. 2005; Back et al. 2010). GC-MS has 

previously been used to identify several MVOCs which could be consistently used as markers for 

detecting the presence of Phytophthora cinnamomi (Qiu et al. 2014). However, MVOC production is 

known to be biologically dynamic, and the MVOC profile of a given pathogen species or strain may 

vary depending on a range of environmental factors such as substrate, duration of incubation/fungal 

life history stage, nutrient availability, temperature, and moisture (Morath et al. 2012; Polizzi et al. 

2012). Although Qiu et al. (2014) identified MVOCs consistently associated with P. cinnamomi on a 

variety of culturing substrates, these authors also identified other MVOCs which were only produced 

by the pathogen on certain culturing media. Similarly, Lui et al. (2005) identified several MVOCs 

which could be used to discriminate between healthy vs disease-inoculated potatoes, but found that 

individual compounds did not occur consistently across all of their experimental replicates. 

Arthropods are known to be able to detect and respond to MVOCs (Morath et al. 2012), and 

similarly, MVOCs are likely to be key to the ability of dogs to detect microbes and cancer (Cornu et 

al. 2011). Dogs have some notable advantages compared with analysis of chemical profiles via GC-

MS. Dogs are cheaper, more mobile, and also have been shown to be able to provide binary yes/no 

answers to questions such as ‘does this patient have cancer?’ even when GC-MS results contain 

large amounts of complex and seemingly inconsistent information, and the specific compounds of 

interest are unknown (Buszewski et al. 2013). 

Kauri dieback dog: The unknowns 
 
The literature review indicated that dogs may plausibly be able to identify a pathogen such as kauri 

dieback disease. However, several questions which have material bearing on project feasibility 

cannot be answered based on existing literature. Chief among these are: 

• Can dogs distinguish among closely related microbial taxa?  Ability to discriminate 

Phytophthora agathidicida from closely related Phytophthora species such as P. cinnamomi 

and P. multivora would be essential for a detector dog to be of practical use for field 

surveillance. 



• Can dogs detect kauri dieback across varied substrates within the complex odour 

environment of a forest?  

• Can dogs detect oospores? Ability to detect this inactive life stage would be essential for a 

detector dog to be of practical use for field surveillance. 

Progress to Date 

Training is being undertaken by Stacey Hill and Brian Shields with the Labrador dog “Paddy”, 

supplied by Mark Veet. Paddy is trained using a ‘click/reward’ system of positive reinforcement. The 

first stage of training involved basic obedience training.   

The second phase of training involved P. agathidicida cultured on oats, contained in small glass jars. 

Identical jars containing uninoculated oat grains, or containing oats inoculated with either P. 

cinnamomi or P. multivora were used as controls. During training, jars were opened and placed 

within terracotta pots covered with wire mesh to enable Paddy to smell the contents while 

preventing him from coming in physical contact with the pathogen. Strict hygiene protocols were in 

place throughout training and testing, including a trigene bath at the facility entry/exit point.  

Paddy’s training was temporarily delayed when he received a bite from another dog, which required 

some recovery time, leading to a total of c.5 months for the initial training period.  Following the 

initial training, handler-blinded testing was conducted to assess Paddy’s ability to discriminate 

between jars of oats inoculated with kauri dieback, con-generic pathogens, or no pathogens. The 

test assessor laid out a row of four jars; one jar each of P. agathidicida, P. cinnamomi, P. multivora 

and uninoculated oats. Each jar was contained in a terracotta pot as described above for training. 

The positioning of these jars was randomized, and the dog handler was not privy to the layout to 

prevent Paddy from picking up on subtle body-language cues from the handler. Paddy and the dog 

handler were then allowed access to the randomized jars. Following exploration of the jars, Paddy 

sat at a jar to indicate presence of kauri dieback. This process was repeated 15 replicate times, thus 

exposing Paddy to a total of 15 kauri dieback samples and 45 negative samples.  

In this test, Paddy’s sensitivity (kauri dieback samples positively identified) was 87% on the first 

attempt and 100% on second attempt. This discrepancy reflected the test assessor intervening 

prematurely in some instances of incorrect sample identification. The dog handler felt that given 

more time to work with the dog he would have been able to determine that the dog was ‘trying it 

on’ rather than firmly indicating a positive sample. This highlighted the need to develop for the next 

phase of testing an agreed procedure for the handler to indicate when they are confident of the 

dog’s determination, and only at this point should the test assessor indicate whether the choice was 

correct or not. Specificity (negative samples ignored i.e. correctly identified as negative) was 96%. Of 

those few negative samples incorrectly identified, con-generic pathogens were not identified any 

more commonly than the uninoculated controls, suggesting that Paddy is able to differentiate P. 

agathidicida from other Phytophthora species. These results are very similar to the levels of 

sensitivity and specificity evidenced by detection dogs working with other taxa in previous studies. 



The promising results in this initial pilot suggested that it was worth investing in further work to 

extend Paddy’s training to situations which are more challenging and more ‘real-world’ than the 

inoculated oats, in order to elucidate the remaining questions. 

Another round of training was initiated using greenhouse-grown inoculated kauri seedling roots and 

potting mix, and Conservation Dog accreditation testing was planned for mid-April 2016. However, 

Paddy was persistently disinterested in the soil and root mixture and had trouble focusing on the 

training. Consequently the decision was recently made to cancel the remainder of this phase of 

training and post-pone the Conservation Dog test.  

The Unwanted Organism (UO) status and microscopic nature of kauri dieback disease present 

several logistical challenges for this project.  The permit conditions associated with handling a UO 

have required that all training to date has occurred within a small barn facility in order that the UO is 

strictly contained.  While this was adequate for initial training, remaining confined to the barn is now 

a serious constraint to project success for two reasons. The first and most critical is that Paddy is 

becoming bored with the barn environment and the repetitive nature of the training exercises which 

can be delivered in this venue. It has been evident for some time that boredom is making it harder 

for the dog handlers to maintain Paddy’s focus on his tasks. Boredom is one of the more probable 

explanations for the failure of the most recent training exercise using soil and roots. 

Next Steps 

Samples of the soil/root mixture will be re-tested to confirm that they indeed still have detectable P. 

agathidicida within them. Assuming that this is the case, further work is required to explore the 

reasons for Paddy’s disinterest, to determine among the following alternative explanations: 

• Paddy may be a capable kauri dieback detector dog who is simply under-performing at 

present due to boredom. This option is consistent with his previously demonstrated 

capability in the first phase of training. 

• Kauri dieback disease may be detectable by dogs, but Paddy may be the wrong dog for the 

job. While he has demonstrated proof-of-concept for detection, Paddy himself is unproven 

as a working dog in the field. 

• Kauri dieback may not be a suitable target for dog detection. However, while the situations 

in which a dog may be useful in the field remain untested, based on proof-of-concept it 

seems probable that a focused detection dog would demonstrate usefulness in at least some 

field situations.  

To further develop our understanding of Paddy’s potential it is now necessary to devise training and 

testing exercises which test his abilities in a more varied environment. Therefore to facilitate a 

successful move to the next phase of the project, it is important that a new UO permission can be 

negotiated which allows for more flexibility to work outside of the barn. 

If a more flexible UO permission is possible, then a further training regime will be developed to 

elucidate Paddy’s detection ability in more complex conditions and narrow down the situations in 

which he can/can’t usefully detect the pathogen (e.g. on footwear/machinery; in contaminated soil; 

in potted plants; in a kauri forest). 



Science outputs 

• In November 2015 an oral paper on progress to date was presented at the New Zealand 

Ecological Society conference (Bassett et al. 2015; see Appendix).  

• A manuscript documenting this project will be written and submitted to P & I for review 

prior to submission for journal publication.  

References 
American Kennel Club 2015 Barking up the right tree: “Timber dogs” are saving the Southern Pine. 

http://www.akc.org/learn/family-dog/labrador-retrievers-conservation-southern-pine-trees/ 

Back J, Aaltonen H, Hellen H, Kajos MK, Patokoski J, Taipale R, Pumpanen J, Heinonsalo J 2010 

Variable emissions of microbial volatile organic compounds (MVOCs) from root-associated fungi 

isolated from Scots pine. Atmospheric Environment 44: 3651-3659 

Bassett IE, Hill S, Shields B, Vette M, Avery K, Horner I 2015 Assessing the potential of detector dogs 

for use in forest pathogen management: Paddy the kauri dieback dog. Paper presented at the New 

Zealand Ecological Society conference, November 2015, Christchurch. 

Brooks SE, Oi FM, Koehler PG 2003 Ability of canine termite detectors to locate live termites and 

discriminate them from non-termite material. Journal of Economic Entomology 96:1259-1266 

Buszewski B, Ligor T, Rudnicka J, Jezierski T, Walczak M, Wenda-Piesik A 2013 Analysis of cancer 

biomarkers in exhaled breath and comparison with sensory indications by dogs. In: Volatile 

Biomarkers: non-invasive diagnosis in physiology and medicine. Ed: Amaan A, Smith 

D.http://books.google.co.nz/books?hl=en&lr=&id=gmls9dj1rEoC&oi=fnd&pg=PA177&dq=sniffer+do

g+cancer&ots=KlsLqJXGct&sig=4F2nGDaORdI2HlPWogkSdK2IPuA#v=onepage&q=sniffer%20dog%20

cancer&f=false 

Cablk ME, Heaton JS 2006 Accuracy and reliability of dogs in surveying for desert tortoise (Gopherus 

agassizii). Ecological Applications 16:1926–1935 

Cornu J-N, Cancel-Tassin G, Ondet V, Girardet C, Cussenot O 2011 Olfactory Detection of Prostate 

Cancer by Dogs Sniffing Urine: A Step Forward in Early Diagnosis. European Urology 59: 197-201 

Ehmann R, Boedeker E, Friedrich U, Sagert J, Walles T, Friedel G 2011 Detection of patients with lung 

cancer out of a risk group by breath sample presentation to sniffer dogs. European Respiratory 

Journal 38: 2787 

Ehmann R, Boedeker E, Friedrich U, Sagert J, Dippon J, Friedel G, Walles T 2012 Canine scent 

detection in the diagnosis of lung cancer: revisiting a puzzling phenomenon. European Respiratory 

Journal 39: 669-676 

Fischer G, Schwalbe R, Moller M, Ostrowski R, Dott W 1999 Species-specific production of microbial 

volatile organic compounds (MVOC) by airborne fungi from a compost facility. Chemosphere 39: 

795-810 



Goodwin KM 2010 Using canines to detect spotted knapweed: field surveys and characterisation of 

plant volatiles. MSc Thesis, Montana State University. 

Gsell A, Innes J, de Monchy P, Brunton D 2010 The success of using trained dogs to locate sparse 

rodents in pest-free sanctuaries. Wildlife Research 37: 39-46 

Kauhanen E, Harri M, Nevalainen A, Nevalainen T 2002 Validity of detection of microbial growth in 

buildings by trained dogs. Environment International 28:153-157 

Johnen D, Heuwieser W, Fischer-Tenhagen C 2013 Canine scent detection – Fact or fiction? Applied 

Animal Behaviour Science 148: 201-208 

Korpi A, Pasanen A-L, Viitanen H 1999 Volatile metabolites of Serpula lacrymans, Coniophora 
puteana, Poria placenta, Stachybotrys chartarum and Chaetomium lobosum. Building and 
Environment 34: 205-211 
 
Lin HM, Chi WL, Lin CC, Tseng YC, Chen WT, Kung YL, Lien YY, Chen YY 2011 Fire ant-detecting 
canines: a complementary method in detecting red imported fire ants. Journal of Economic 
Entomology 104:225–231 
 
Lui LH, Vickram A, Abu-Nada Y, Kushalappa AC, Raghavan GSV, Al-Mughrabi K 2005 Volatile 
metabolic profiling for discrimination of potato tubers inoculated with dry and soft rot pathogens. 
American Journal of Potato Research 82: 1-8 
 
Martin 2011 Timber Dogs: A forest owner’s best friend? www.forestry.alabama.gov 
 
Mittleman 2016 Dogs hot on the scent of citrus killer. 
http://www.bdlive.co.za/world/americas/2016/03/22/dogs-hot-on-the-scent-of-citrus-killers 
 
Morath SU, Hung R, Bennett JW 2012 Fungal volatile organic compounds: A review with emphasis on 
their biotechnological potential. Fungal Biology Reviews 26: 73-83 
 
Pfiester M, Koehler PG, Pereira RM 2008 Ability of bed bug-detecting canines to locate live bed bugs 
and viable bed bug eggs. Journal of Economic Entomology 101: 1389-1396 
 
Polizzi V, Adams A, Malysheva SV, De Saeger S, Van Peteghem C, Moretti A, Picco AM, De Kimpe N 
2012 Identification of volatile markers for indoor fungal growth and chemotaxonomic classification 
of Aspergillus species. Fungal Biology 116: 941-953 
 
Qiu, R., Qu, D., Trengove, R., Agarwal, M., Hardy, G. E. St. J., and Ren, Y 2014 Headspace solid-phase 
microextraction and gas chromatography mass spectrometry for analysis of VOCs produced by 
Phytophthora cinnamomi. Plant Disease 98: 1099-1105 
 
Vickram A, Hamzehzarghani H, Kushalappa AC 2005 Volatile metabolites from the headspace of 
onion bulbs inoculated with postharvest pathogens as a tool for disease discrimination. Canadian 
Journal of Plant Pathology 27: 194-203  
 
Wolfgang L, Ing D, Diederich T 2001 How to find hidden microbial growth with a mold dog. 
Conference paper presented at Indoor Air Quality 2001 Moisture, Microbes, and Heath Effects: 
Indoor Air Quality and Moisture in Buildings. American Society of Heating, Refrigerating and Air-
Conditioning Engineers, Inc., Atlanta, GA. 



 
Zahid I, Grgurinovic C, Zaman T, De Keyzer R, Cayzer L 2012 Assessment of technologies and dogs for 

detecting insect pests in timber and forest products. Scandinavian Journal of Forest Research 27: 

492-502 

Appendix: Paper presented to NZ Ecological Society conference 

Title: Assessing the potential of detector dogs for use in forest pathogen management: Paddy the 

kauri dieback dog 

Authors: Bassett IE1, Hill S1, Shields B1, Vette M2, Avery K2, Horner I3 

1Auckland Council, Auckland. 

2Mark Vette’s Animals on Q, Auckland 

3The New Zealand Institute for Plant & Food Research Limited, Hawke’s Bay. 

Abstract: 

In wildlife ecology and biosecurity, dogs have proved successful in species-specific detection across a 

range of taxa including vertebrates, invertebrates and weeds. Detector dogs can also have huge 

value in positively engaging the public with biosecurity issues. While dogs do not appear to have 

been used to detect microbes in ecological contexts, they have been used successfully to detect 

plant pathogens in crops as well as human pathogens or diseases, both in samples of bodily fluids or 

breath and within built environments. However there are few examples of detector dog 

programmes which have tested for the ability to discriminate among closely related microbial taxa. If 

dogs can successfully target plant pathogens within complex forest environments, they could offer 

relatively cheap real-time diagnosis with considerable potential value for large scale management 

programmes of forest pathogens such as Phytophthora spp. In what is possibly a world first, Paddy 

the Labrador is being trained to detect kauri dieback disease (Phytophthora agathidicida). This talk 

will outline the process of Paddy’s training to date, including results from handler-blinded specificity 

and sensitivity testing from stage one of his training. This includes testing his ability to distinguish P. 

agathidicida from the con-generic and widely occurring P. cinnamomi and P. multivora. Next steps in 

the training process will be described, scaling up to more ecologically complex scenarios. Potential 

advantages and constraints of forest pathogen detector dogs will be discussed within the context of 

the kauri dieback management programme case study. 

 

 

 



 

 

 

 



 

 

 



 

 

 



 

 

 



 

 



 

 



 

 

 


