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ABSTRACT 

This study examined the abil i ty o f  domest ic dogs ( Canisfamiliaris) to detect the scent o f  

t h e  Cook Strait tuatara (Sphenodon puncta/us) ,  Marlborough green gecko (Naultinus 

manukanus) and forest gecko (Hoplodactylus granulatus) .  

H andlers from two local dog training clubs with a total of 20 dogs participated in this 

study. The dogs ' capacity to detect human and rept i les scents was evaluated in a series of 

tria ls .  Each trial required the dogs to ident i fy  a d i fferent target scent, and consist ed of nine 

rep l icate scent discriminat ion exerc ises. In the exercises the dogs were presented with a 

l ine  of  c loths. One or more of the c loths contained scent and the dogs were commanded to 

locate a spec ific scented c loth. Tuatara and gecko seats, s loughed skins and paper towels 

capt ive individuals had been s itt ing on were used to imbue the c loths with rept i le  scent . 

The dogs were able to ident ify human, tuatara and gecko scents with average success 

rates o f up to 96. 3%, 93 . 7% and 86. 7%, respective ly. The dogs could detect fresh repti le 

seats, seats that had been exposed in nat ive forest for two weeks and discriminate between 

several di ffcrcnt rept i le scents. The detection successes were signi ficantly h igher than 

would be expected if the dogs were select ing c lo ths at random (p = 0.05). The average 

results of each tria l  and the success rates of ind iv idual dogs were s ignificantly d i fferent at 

both dog c lubs (p = 0.000). 

The results indicate that the methods used in  th is study arc a good model  for scent 

discrimination research, and dogs cou ld be used to detect tuatara and gecko species for 

conservation work. Dogs may provide an alternat ive to the visual methods currently used 

to locate these rept i les .  
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CHAPTER 1 

INTRODUCTION 

A tuatara-detection dog searching for a hidden tuatara (Sphenodon punctatus) on the edge 

of Pirongia Forest Park, Hamilton, New Zealand. Photo: Kara Goddard. 



1 .1 Introduction 

The N ew Zealand archipelago is a cont inenta l  fragment that spl it from the Gondwanan 

landmass approx imately 80-60 m i l lion years ago (Chambers et al. , 200 1 ) . The fauna o f  

N ew Zealand has therefore largely evolved in the absence o f  terrestrial mammal ian 

predators, and consequently is  characterised by such traits as g igant ism, lack of defensive 

behaviour, longevity and low reproduct ive rates ( Daugherty et al. , 1 990b; Daugherty et 

al. , 1 993) .  These features make many ew Zealand spec ies unique, but a lso vulnerable to 

disturbance and the introduction o f novel predators ( Daugherty et al. , 1 993) .  

N ew Zealand repti les have fo l lowed trends s imi lar to other indigenous animals, and have 

dec l ined in range and numbers due to the direct and indirect impacts of human arriva l 

around I ,000 years ago ( Daughcrty et al., 1 993 ;  Towns & Daugherty, 1 994 ; Towns et al. , 

200 1 ) . Tuatara arc rept i les o f  internat ional importance as the sole extant member o f  the 

order Sphenodont ia (Crcc & Butler, 1 993 ) .  cw Zealand ' s  gecko fauna is also very 

s igni ficant in both its diversity and complete endemism ( Daughcrty et al. , 1 994; Towns et 

al. , 200 1 ) . S ince human colonisation of New Zealand, the introduction of mammalian 

predators and habitat modi ficat ion, the tuatara has been reduced to only 0 .5% o f  its 

former range and at least 32% of gecko species arc restricted to offshore is lands (Crcc & 

But ler, 1 993 ;  Daughcrty et al. , 1 994) . Both spec ies of tuatara and 34 species of  gecko arc 

considered threatened by the New Zealand Department of Conservat ion ( DoC) 

( H itchmough, 2002 ) .  

Tuatara and geckos can be d i fficult to survey and capture because o f  their e lus ive, crypt ic 

and often nocturnal natures ( Robb, 1 980; Cree et al. , 1 995 ;  Cassey & U sshcr, 1 999 ) .  

Domestic dogs ( Canis familiaris) have been used in New Zealand for over I 00 years to 

locate threatened species for the purpose of conservat ion .  The significant contribut ion 

dogs have made to many spec ies ' recovery programs has earned them recognit ion as 

val uable and efficient tools. This study aimed to examine the abi l ity o f  dogs to detect 

tuatara and gecko scent, with t he intent ion that successful  results could be practica l ly  

a pp  l ied to  assist in  the conservat ion of  these repti les.  



1.2 Thesis Organ isation 

This thesis has a c hapter rcvtewmg the l iterature on the use o f  detection-dogs, two 

research chapters and a final chapter o f  conc lus ions and suggest ions for future research. 

The first research chapter examines the ab i l ity of dogs to detect tuatara scent; the second 

looks at dogs' capacity to detect gecko scent . References for all chapters arc col lated at 

the end o f  the thesis to avoid rep l icat ion. Appendix l is a case study describ ing the 

training o f  a tuatara-dctcction dog; Appendices 2 and 3 provide dates o f  al l  the trials; and 

Appendices 4 and 5 detail informat ion regarding the rept i le samp les used in the study. 
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CHAPTER 2 

A REVIEW OF THE USE OF 

SCENT -DETECTION DOGS 

A conservation dog searching for black-footed ferrets (Mustela nigripes) i n  a black-tailed 

prairie dog (Cynomys Ludovicianus) burrow, Montana, United States. Photo: Aimee Hurt. 



Domestic dogs have been c losely assoc iated with human beings for thousands of  years 

(Clutton-Brock, 1 995). Today, dogs arc used by humans to perform a wide array of tasks. 

Dogs can detect a range of substances at concentrat ions I ,000- 1 00,000,000 t imes less 

than humans can recogni se (Ncuhus, 1 953 ;  Becker et al. , 1 957 ;  Moulton et al., 1 960; 

c ited in Thome, 1 995 ) .  The area of o lfactory ep ithel ium in dogs ranges from 1 8 - 1 50 cm2 

( Dodd and Squirrel ,  1 980 ;  c ited in T homc, 1 995 ) ,  whereas humans have only 3 cm2 

(Albonc, 1 984) .  Dogs arc employed frequent ly to search for things using their superior 

o lfactory acuity. 

The fo l lowing sections of this chapter wi l l  look at how dogs arc used to detect non­

bio logical  and biological  materials, and the use of dogs in conservat ion, both 

internat ionally and in New Zealand. 

2.1 Detection Dogs fo r No n-biological Scents 

Spec ia l ly trained dogs arc used to detect a variety o f  non-bio logica l substances.  They help 

control the movement o f  contraband, ident ify dangerous chemicals and gather forens ic 

evidence in criminal investigations. By locat ing dangerous substances by scent, often 

more accurately and rel iably than equipment, detect ion dogs can reduce risks to human 

health and safety. 

2 . 1 . 1  D rugs 

Dogs arc used to find i l lega l dmgs inc luding cocamc, heroin, methamphetamine and 

marijuana (Lorcnzo et al. , 2003 ) .  They arc rout ine ly used to screen the mi l l ions of peop le 

and items cross ing internat ional borders through a irports, ports and postal services 

(Adams & Johnson, 1 994;  Rouhi, 1 997 ) .  Drug-detect ion dogs arc also used by pol ice,  and 

arc becoming common in workplaccs as companies t ry to deter employees from using or 

selling i l l ic it substances at work ( Ritz, 1 994). 

2 . 1 .2 Explosives 

Explosives-detection dogs arc now reputed to be the largest group of working scent­

detect ion dogs in the world (Gazit & Tcrkel, 2003a). Trained dogs are considered by 
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many to be the most reliable, versati le and cost effic ient explosives-detectors ( Furton & 

M ycrs, 200 I; Lorcnzo et al. , 2003 ) .  The abi l ity of  dogs to locate their target scents whi le 

ignoring the many non-target scents encountered in their  search environments (e .g .  

a irports) is c la imed to be better than that o f  instruments ( Furton & Mycrs, 200 1 ) . 

There arc over I 00 mi l l ion la id land mines around the world. These block access to 

productive land, curb economic growth and k i l l  and maim people (M cLean, 200 I). M ine­

detect ion dogs arc used to search for buried land mines or to confirm that areas are free 

from mines (Phclan & Wcbb, 2003 ) .  They arc trained to detect explosive chemicals and 

to recognise the scent of tripwires ( Fjc l langcr, 2003;  Haytcr, 2003 ) .  Experts be l ieve that 

the detection abi l it ies of dogs arc superior to all comparable art ificial methods ( Bach & 

McLcan, 2003 ) .  

2 . 1 .3 Accel e ra nts 

Accclcrant-dctcct ion dogs arc tra ined to locate the res idual scent o f  flammable products 

commonly used as accelerants at fire scenes and to ignore the sme l l  of pyro lysis products 

such as burned carpet or wood ( Katz & M idk iff, 1 998 ) .  Dogs arc able to find vest iges o f  

accelerants at fire scenes more quickly and prec isely than humans ( Kurz et al. , 1 994 ) .  By 

using dogs that can accurate ly  locate acce lerants, fewer samp les from a scene need to be 

submitted for analysis, improving the effic iency of investigations and saving t ime and 

money (T indal l  & Lothridgc, 1 995 ;  Katz & M idkiff, 1 998 ) .  

S tudies have tried to establ ish the thresho lds o f  dogs for detecting acce lerants and have 

found that they can detect extremely low vo lumes (5 .0-0.005 11L)  o f  potential accelerants, 

leve ls which arc at or beyond the sensit ivity of laboratory techniques and equipment 

( Kurz et al. , 1 994; Tindal l  & Lothridge, 1 995 ;  Kurz et al. , 1 996) .  Accelerant-detection 

dogs do occasional ly false l y  indicate the occurrence of  accelerants, when in fact 

accelerants are absent and only pyrolysis  products arc present ( Kurz et al. , 1 994; Katz & 

M idkiff, 1 998 ) .  However, th is  can also occur when using gas chromatography analys is  o f  

very smal l  samples ( I  11L o r  less) ( Kurz et al. , 1 996) . When dogs are taught to ignore 

p yrolysis scents they show an improved abi l ity to ignore background interference from 

non-target odours ( Kurz et al. , 1 994). 
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2 . 1 .4 Conta mina nts 

A study was carried out to see i f  dogs could be trained to identify areas contaminated with 

hazardous  chemicals  ( Amcr et al. , 1 986) .  The study aimed to i mprove human safety by 

ident ifying the outer l imits of a pol luted area before dangerously high levels of  toxins 

were encountered, and determine point sources for more efficient sampl ing (Arncr et al. , 

1 986) . Two dogs were trained to detect smal l  quantit ies (0. 1 g) o f to lucnc, a hydrocarbon 

o ften fou nd in gaso l ine storage tanks, and 2,4,6-trich lorophcno l, a potential indicator o f  

dioxins. A third dog was trained t o  detect I ,2 ,3 -trichloropropanc to levels o f  0. 1 g. 

A lthough only a small  number o f  dogs was used and very l im ited tests were run, the 

results o f  the field trials indicate there is potent ial for using dogs for such purposes. The 

dogs were able to locate very sma l l  quant i t ies of the chemicals o ver large distances where 

instruments had fai led to detect them. 

Organochlorinc (OC )  chemical rcs iducs have been found in beef exports from Austral ia. 

To manage OC contamination on farmland, a dog was trained to detect a range o f  OCs 

(a ldrin, d ieldrin, and DDT) at  very low levels (I part per mi l l ion and less)  in the so i l  

(Croo k, 2000). The dog ident ified po int sources of  OCs with sensit ivity leve ls o f  up to 

98 .98%.  Using the dog saved t ime and reduced the number of so i l  samples required to 

ident i fy contaminated s ites. The study' s success has prompted training of at least one 

further OC-dctection dog (Crook, 2000).  

2.2 Detection Dogs fo r Bio logical Scents 

Dogs arc trained to  detect a wide range o f  scents from bio logica l  sources. Their keen 

sense o f  sme l l  is used to locate humans, detect medical condit io ns and find a range o f  

other species. 

2 . 2 . 1 H u mans 

Criminal identification 

Dogs are able to d ifferent iate between the odours of  individual humans, irrespect ive o f  

the body region ( e.g. palm o f  hand, sole o f  foot, armpit) from which the odour was 
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col lected ( Ka lmus, 1 955 ) .  Dogs can ident i fy a pe rson' s  scent even when m ixed with the 

scent of  anothe r pe rson o r  with st rong sme l l ing mate rials, and they can d ist inguish the 

individual odou rs of  ident ical twins ( Kalmus, 1 955 ) .  Police in many count ries use the 

acute disc riminato ry abi l it ies of dogs fo r c riminal ident i fication. Matching the scent of  a 

pe rpet rato r on  an object at a c rime scene to the scent of  a suspect is one of the most 

valuable tasks a pol ice dog can pe rfo rm, al though it is  cont rove rsial  ( Schoon, 1 997) .  

Because the  info rmat ion p rovided by dogs in ' scent ident ification l ine-ups' is used as  

evidence in court (Schoon, 1 996), i t s  re liabi l i ty has been investigated in seve ral  studies. 

B risbin & Austad ( 1 99 I )  q uestioned the p ractice of  using do gs fo r c riminal  ident ification 

and examined the abi l ity o f  do gs to match odours from one pa rt of a pe rson' s  body to 

anothe r. Some of thei r results  we re no bette r than what would be expected by random 

chance (57 .9%) ,  and they conc luded e ithe r individual human odou rs we re undctcctablc by 

dogs, o r  dogs t rained with ·'standa rd methods" we re not able to spontaneously recognise 

individual odour components of scents taken f rom di ffe rent pa rts of the body. Howeve r, 

c rit ics disag reed with B risbin ' s  & Austad ' s  conclusions, on the basis that thei r study did 

not cont ro l  fo r the dogs' confusion that a rose due to di ffe rences between t raining and 

testin g methods (Sommc rv i l lc et al. , 1 993 ) .  The dogs we re o riginally t rained to find thei r 

handle rs '  hand scent only, but we re requi red to ident i fy scents from a range o f  body pa rts 

from thei r handle r and a st range r during the testin g. B risbin & Austad ( 1 993 ) maintained 

this ve ry spec i fic t raining was del ibe rately desi gned to dete rmine i f  the dogs would 

gene ral ise odours f rom one body pa rt to othe r body pa rts .  

Schoon & De Bmin ( 1 994) and Sett le et al. ( 1 994 ) pe rfo rmed expe riments s imi la r to 

B risbin & Austad ( 1 99 1 )  usin g Dutch po l ice  dogs and methods based o n  those used by 

pol ice in G e rmany and t he Nethe rlands, respect ively. Thei r results ind icated that with 

sufficient t raining police dogs a rc capable o f  matching scents from d iffe rent pa rts of the 

same human body. Anothe r study using b loodhounds t ra ined to fo l low human scent t rai ls, 

seems to confi rm that dogs can be t rained to gene ral ise scent from d iffe rent pa rts of an 

individual ' s  body (Ha rvey & Harvey, 2003) .  I n  this study people walked th rough 

pa rk land, a un ive rsity campus and busy u rban cent res; afte r 48 hou rs the dogs we re cued 

with scent co l lected from va rious pa rts o f  the t rail-sette r's  body and requi red to fo llow the 

t rail .  The dogs we re able to complete the t rai ls  with an ave ra ge success o f 77 .5%.  
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Search and rescue 

One wel l-known use fo r dogs' o l facto ry capabi l it ie s  is sea rch and rescue wo rk .  Dogs have 

been used fo r sea rch  and rescue pu rposes fo r hund reds of yea rs ( Fcnton, 1 992 ) .  T rained 

dogs may be usefu l  in a wide va riety of s ituations, inc luding sea rching fo r miss ing 

peop le, avalanche vict ims, possible su rvivo rs at disaste r s ites (such as ea rthq uakes, floods 

and p lane c rashes) and d rowning vict ims ( Fen ton, 1 992 ; He ba rd, 1 993 ; American Rescue 

Dog Association, 2002 ) .  

Human remains 

A spec ial ist b ranch o f  sea rch and rescue dogs is cadave r-detect ion dogs . These dogs a rc 

t rained to find the gene ric scent o f  human decomposit ion (Lassctc r et al. , 2003 ),  and a rc 

used to locate the v ictims o f  c rimes o r  acc idents .  Cadave r dogs a rc taught to find any 

possible t race of  human co rpses including bodies ,  ske letal remains and flu id and tissue 

remnants. These ta rgets can be concealed on the su rface, bu ried unde rg round, o r  in wate r 

( Fc nton, 1 992 ; Ame rican Rescue Dog Assoc iat ion ,  2002 ; Lassctc r et al. , 2003 ) .  

Cadave r dogs a rc gene rally efficient and highly effect ive in the recove ry of human 

remains ( Koma r, 1 999; Ame rican Rescue Dog Assoc iation, 2002 ) .  Detect ion rates o f  

cadave r dogs range from 30-8 1 %  in field t ria l s ;  and as with a l l  scent detection, the 

success of the dogs is ve ry dependent on weathe r condit ions ( Koma r, 1 999; Lassctc r et 

al. , 2003 ) .  Well-t ra ined cadave r dogs can rapidly sea rch la rge a reas fo r human remains, 

saving a conside rable amount t ime and human effo rt ( Koma r, 1 999).  

Medical conditions 

The re is anecdotal  evidence o f  pet dogs detect ing cance rs in thei r owne rs .  An often c ited 

example is  a woman whose dog constantly sni ffed at a lesion on he r leg, even th rough 

clothing, and eventual ly attempted to bite it  o ff (Wi l l iams & Pemb roke, 1 989). On 

subsequent removal and histological examinat ion the lesion was diagnosed as a mal ignant 

melanoma. Othe r accounts of dogs pawing and sniffing at cance rous s ites, and evidence 

that cancerous ce l l s  p roduce vo lat i le chemicals (Wi l l iams & Pemb roke, 1 98 9; Pickel et 

al. , 2004 and refe rences the rein) ,  has p rompted resea rch into the possibi l ity  o f  using dogs 
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to detect some cancers. T here is now scient ific evidence that shows dogs can detect 

melanoma and bladder cancers. Recent studies have described dogs trained to detect the 

odour of melanoma cel l s  and urine from patients with bladder cancer, with accuracy 

levels of I 00% and 4 1 %  respectively ( P ickcl et al. , 200 l ;  Pickcl et al., 2004; W i l l is  et al., 

2004) .  

There arc many accounts o f  dogs predicting the onset o f  their owners' epi leptic seizures 

( Edncy, 1 99 1 ) .  A survey carried out by Edncy ( 1 993 ) described the behaviour o f 37 dogs 

that respond to their owners ' epi leptic events. O f  these dogs, 56 .8% disp layed 

characterist ic behaviours prior to a seizure and 67 .6% performed simi lar behaviours 

during a seizure. Activit ies of the dogs prior to the onset of a human se izure were 

predominant ly attention-seek ing such as barking, jumping up and becoming ovcrly 

attentive ; whi le the behaviour of  the dogs react ing during their owners' se izures were 

mainly described as protect ive, including s itt ing or staying beside the ir owners . 

Pre l iminary studies have successfu l ly  trained dogs to alert their owners to impending 

epilept ic attacks ( Strong et  al. , 1 999; Brown & Strong, 200 I ) . In these studies dogs were 

able to consistent ly indicate to their owners that a se izure was imminent, with warning 

times ranging from I 0-45 minutes. lt has been suggested that dogs arc able to detect 

scents exuded by their owners during the 'aura' phase of epi lepsy, and sense e lectrical  

disturbances and behavioural changes ( Edncy, 1 993 ) .  

More than a third o f  diabetic dog owners have reported that their dogs react t o  their 

hypoglycaemic attacks ( L im et al. , 1 992 ; cited in Chcn et al. ,  2000). A publ ished account 

of  three case studies has described dogs detecting a hypoglycaemic attack before their 

owners had noticed any symptoms (Chcn et al. , 2000) .  The dogs displayed a range o f  

abnormal behaviours prior to and during their owners ' hypoglycaemia, including running 

and hiding, preventing the owner from leaving the house and barking. All the dogs were 

described as only resuming norma l behaviours once their owners had eaten food to 

correct b lood glucose concentrations. Two of the dogs also woke the ir owners when they 

lapsed into hypoglycae m ia during the n ight, something glucose sensors are unable to do 

(Chen et al. , 2000). The mechanisms by which dogs detect changes in their owners ' b lood 

glucose levels are unknown, but it is suspected that the dogs recognise o lfactory c hanges 

in their owner attributed to increased sweat ing, possibly combined with musc le tremors 

and behavioural changes (Chen et al., 2000). 
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2.2 .2  Cows i n  oestrus 

Dogs can ident i fy dairy cows that arc in the ocstms phase o f  their sexual cyc le by the 

scent of a range o f  body fluids, inc luding vaginal  fluid, urine, mi lk and b lood p lasma, 

w ith  accuracies ranging from 77 .8% to 99% ( Kiddy et al. , 1 978 ;  Kiddy et al. , 1 984). 

Dogs can also discriminate between the milk o f  prc-ocstrous, oestrous and dioestrous 

cows ( Hawk et al. , I 984) .  

2 . 2 .3 Snakes 

Dogs have been trained to find snakes for containment and border contro l  purposes. Jack 

Russcl l  terriers arc used in Guam to search outward-bound cargo for brown tree snakes 

( Boiga irregularis ) ,  an introduced species that has caused considerable damage to the 

is land ' s  nat ive fau na. To reduce the chances of  accidenta l introduct ion o f  this pest 

e lsewhere, cargo dest ined to susceptible locat ions  arc inspected by detector dogs trained 

to find brown tree snakes ( Engcman et al. , 1 998a;  Engcman et al., 1 998b) .  These snake­

detect ion dogs have an average location rate of 62% (Engcman et al. , 2002 ) .  

2 .2.4 Insects 

Dogs can be trained to find egg masses of gypsy moths ( Porthetria dispar ( L . ) )  (Wal lncr 

& El l  is, 1 976) .  Most egg masses arc laid c lose to the ground in leaf l itter or debris and arc 

particularly hard to find when in low numbers (Wal lncr & E l lis, 1 976) .  Two dogs were 

evaluated at search ing for egg masses in 0 .0 I ha p lots o f  varying gypsy moth populat ion 

densit ies. The dogs had a combined average detection rate of 73 .2%, and the resu lts 

showed a strong correlation between one dog 's number of indicat ions and egg mass 

density. Based on this, the authors suggested there is potential for calibrating and using a 

dog to estimate egg mass density by the number located within a specific t ime period. 

One study exami ned the feasibi l ity of using a dog to detect screwworrns (Cochliomyia 

hominivorax), an obligate parasite which can k i l l  warm-blooded animals and cause 

s ignificant econo mic losses ( Welch, 1 990) . A dog was trained to detect both scrcwworm 

pupae and screwworm-infested wounds on animals. The dog had an extremely h igh 
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success rate (99.7%) at finding them, both on training obj ects (with exudate from infected 

wounds applied to them) and infected animals. Dogs could be used at quarantine and 

inspection stations to he lp prevent further spread or reintroductions of u nwanted 

organisms ( Welch, 1 990) .  

Trained detector dogs can also locate insects that damage p lants. The red palm weevil 

(Rhynchophorus ferrugineus) can infl ict severe damage on date palms (Phoenix 

dactyl[fera L . ) ,  the most important fruit crop in the M iddle East (Nakash et al. , 2000) .  

Affected trees are extremely d ifficult to find, but can be saved if  ident ified in the early 

stages of infestation ( akash et al. , 2000) .  Nakash et al. (2000) reported the prel iminary 

results o f  a program aimed at using dogs to detect the red palm weevil .  Two dogs were 

trained to respond to the secret ions o f  infested trees and produced very high success rates 

in init ial tests. 

Subterranean termite damage and contro l  arc estimated to cost up to US$2 b i l l io n  per 

annum in the United States alone (Cul l incy & Grace, 2000) .  I nfestations arc o ften 

imposs ible to detect visually and can cause signi ficant damage be fore they arc discovered 

(Brooks et al. , 2003 ) .  Termite-detection dogs tra ined to ident ify castcm subterranean 

termites ( Reticulitermes jlavipes ( Ko llar) ) can locate them with average success rates of 

over 95%, and can discriminate between termites, other insects ( ants and cockroaches) 

and termite-damaged wood ( Brooks et al. , 2003 ) .  When the abi l ity of dogs to detect 

wcstem subterranean termites ( Reticulitermes hesperus Banks) was compared with 

e lectronic odour devices, the resu lts showed the dogs correct ly ident ified 98% o f  

art ific ial ly set-up infestations whi le the e lectronic device did not have a stat ist ica l ly 

s igni ficant detection level  ( Lewis et al. , 1 997 ). H owever, the dogs also produced 28% 

false i dent ifications (where there was no infestation) ,  although th is may be attributable to 

training techniques, which were not discussed (as rev iewed in Brooks et al. , 2003 ) .  

2 . 2 . 5  M icroorga n i s ms 

Some cyanobacteria spec ies in commerc ial cat fish ponds produce odorous compounds 

which accumulate in the flesh o f the fish, result ing in an unp leasant flavour ( Shelby et al. , 

2004). The costs o f  reject ing such fish from processors are estimated to range from 

1 0  



U S$ 1 5-23 mi l l ion  annual ly for catfish producers in the U nited States ( Hanson, 2003 ; 

c ited in Shclby et al. ,  2004). S hclby et al. ( 2004) showed that dogs could ident ify t he two 

most common 'off-flavours ' ,  2-methylisoborneo l and gcosmin, in pond water samp les 

with h igh levels  of accuracy. T hree dogs detected the o ff- flavours at levels of I 11g/L with 

79-93% accuracy and I 0 ng/L with 37-49% success. Dogs may provide a practical 

method of alert ing to off-flavours and provide a rel iable a lternat ive to expensive chemical 

analysis or the more commonly used human taste-testers ( Shelby et al. , 2004). 

M icrobial growth in buildings can have detrimental effects on human hea lth and cause 

cost ly deterioration of  construct ion materia ls .  Superficial detect ion o f  microbial growth is 

extremely difficult (Kauhancn et al. , 2002 ) .  Kauhancn et al.  (2002) tested the efficacy o f  

dogs trained t o  find rot fungi,  "typ ica l build ing moulds" and bacteria. They found their 

two study dogs were able to locate 75% of h idden microbial growth samp les. 

2.3 Detectio n Dogs u s ed for Conservati o n  Internatio n ally 

T he hunt ing inst inct of  dogs and their o lfactory abi l it ies have been exp lo ited to locate 

certain species for the purpose of conservation. Trained dogs arc used to help locate and 

monitor a number of mammals and birds international ly. T hese dogs provide alternat ive 

and comparatively unobtrusive methods for researchers and conservation ist to conduct 

their studies . U sing dogs can offer safer methods of studying potentia l ly dangerous 

species, reduce certain sample co llect ion biases and decrease the t ime spent searching for 

animals. 

2 .3. 1 Seats 

[ t  is often d ifficult to col lect information on endangered species due to their low densit ies 

and the large, remote areas t hey commonly inhabit. The use of scat-detection dogs is 

becoming increasingly popu lar due to the problems inherent in tradit ional methods o f  

acquiring data o n  threatened species. 

Us ing dogs to fmd seats i s  a non-invasive method of studying rare animal populations,  

which can increase sample numbers while reducing col lect ion bias ( Wasser et al. , 2004) .  
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M ark-recapture techniques and attaching radio-track ing devices, for examp le, are invasive 

and potent ial ly harmful to the animals ( Long et al. , 2002) .  The information that can be 

extracted from seats is comparable to data provided by tradit ional methods. Applying 

mo lecular techniques to seats provides information on the spec ies, sex, individual 

ident ity, d iet and parasitology of ani mals ( Kohn & Wayne, 1 997 ;  M il ls et al., 2000) . 

Reproduct ive and stress hormones from seats can indicate reproduct ive product ivity and 

impacts o f  disturbance on physiological condition ( Wasscr et al., 2000; Wasscr et al., 

2004) .  B y  systematica l ly sampling seats over a large geographic area, population 

characterist ics such as sex rat io ,  rc latcdncss, habitat and home ranges may be est imated 

( Kohn & Waync, 1 997 ;  Kohn et al. , 1 999; Wasscr et al. , 2004) .  Seats may provide more 

informat ion  and be a more accessib le source of 0 A than materials such as hair, skin, 

feathers, nai ls, bones, or saliva ( Kohn & Waync, 1 997 ) .  

2.3.2 B e a rs 

Dogs arc used to locate bears in orth America for management o f  game popu lations and 

conservat ion purposes. A lthough so me bear popu lations arc protected due to low numbers 

they arc considered game animals throughout much o f  the ir North American range, and 

research and management arc carried out to ensure viable numbers arc maintained and 

human-bear confl icts arc kept to a minimum (Yandcr Hcydcn & Mcslow, 1 999;  Fccskc et 

al. , 2002 ) .  

Dogs can be trained t o  discriminate between black bear ( Ursus americanus) and grizzly 

bear ( Ursus m-etas horribilis) seats ( H urt et al., 2000) .  This cannot be done by visua l 

inspection, so dogs reduce the need for laboratory tests to different iate between the 

spcc tcs. 

A study by Wasscr et al. (2004) described the use of scat-detection dogs to assess the 

impacts o f  human disturbances on b lack bear and grizzly bear populat ions in Alberta, 

Canada. The dogs were trained to locate bear seats a long transects within a 5 ,200 km2 

area. DNA was extracted from the co l lected seats to identity species .  Grizzly bear seats 

were then further analysed to determine individual identit ies, and faecal hormones were 

examined as indicators of physio logical stress and reproductive activity. Hair sampling o f  
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both bear species,  and g lobal posit ioning system (GPS)  radio-tracking o f  grizzly bears 

only, were carried out concurrently with the scat sampling to compare the methods. The 

d istribut ions of t he bears as determined by scat sampling general ly corresponded to those 

determined by ha ir sampl ing and radio-tracking ( Wasser et al. , 2004) .  By using scat­

detection dogs, Wasscr et al. (2004) were able to effect ively and non- invasivcly ident i fy  

land use patterns for both black and grizz ly bears. 

Mark-recapture methods arc used to estimate North American black bear population 

densities using dogs trained to locate bear scent a long transect routes ( Akcnson et al. , 

200 I ) . Surveying black bear populations w it h  dogs has several advantages. Dogs can 

detect bears at s ites within their norma l home ranges, unl ike attractants such as bait 

stations, which can cause an animal to change their foraging patterns and locat ions 

(b iasing data);  and the bears can be safely ' recaptured' without any phys ical handl ing 

(Akcnson et al. , 200 1 ) . 

2 .3 .3 Foxes 

Dogs have been trained to find the seats of endangered San Joaquin ki t  foxes ( Voles 

macrotis mutica) in Cal ifornia, United States. Using the dogs is a more e fficient method 

than using humans to find enough scat samples for demographic and population studies to 

be carried out ( Smith et al. , 2003 ).  The dogs can also find kit fox latrines (areas where 

one or more individuals repeatedly defecate) ( Rails & Smith, 2004) .  Trained dogs arc able 

to find up to four times more kit fox seats a long transccts than an experienced person 

( Smith & Rai l s ,  200 I ) . In a study evaluat ing dogs' proficiency at finding seats, even the 

dogs' worst detection rate in difficult scent ing cond itions was as good as that of  humans 

( Smith et al. , 2003 ) .  

Dogs searching for kit fox seats must dist inguish them from seats o f  species such as 

coyotes ( Canis latrans) ,  skunk (Mephitis mephitis) and badger ( Taxidea taxus) ;  and have 

been found to be I 00% correct in their spec ies ident i fication ( Smith & Ral ls, 200 l ;  Smith 

et al. , 2003) .  The extremely accurate spec ies identificat ion abi l it ies of scat-detection dogs 

could save researchers thousands o f  do llars. The cost of extract ing D N A  from faecal 

1 3  



samples and using laboratory methods to determine species can cost up to US$50 per 

sample (D .  Smith, personal communicat ion, 2004) .  

I ni t ia l  results o f  a study comparing the  use o f  scat-detect ion dogs and DNA analys is  with 

radio tracking and monitoring of a populat ion of San Joaquin kit foxes in Ca l i fo rnia, 

suggest both methods produce very s imilar informat ion (Smith et al. , 2002) .  I nd iv idua l 

fox locations were determined by DNA analysis o f  seats found by dog and handler teams 

along transect l ines, w hich were then compared to fox locat ions indicated by radio 

tracking (Smith et al. , 2002 ) .  I f  the resu lts continue to be comparable, using scat-detection 

dogs could provide a less invasive and more cost-effect ive alternat ive to studying such 

populat ions. 

2 .3 .4 Ferrets 

The endangered black-footed ferret ( Mustela nigripes ) has been reintroduced to a number 

of sites in North America in an e ffort to save it from ext inction (Reindl et al. , 2004) .  

Reind l et  al. (2004) examined the potent ial of  using detection-dogs to  monitor black­

footed ferrets at the re introduct ion s ites. Surveys using traditional methods (spot l ight ing) 

were done prior to two dogs search ing the study locat ions. The dogs correctly confirmed 

ferret presence or absence in 84% of the test areas. The study ind icated that dogs might 

provide an efficient alternative to current monitoring methods such as spot l ight ing and 

snow-tracking. 

2.3.5 T igers 

B io logists studying the endangered Amur t iger (Panther tigris altaica) ( formal ly known 

as the Siberian t iger) in Russia use dogs to ident ify individual t igers. The dogs ident i fy 

the t igers by sme l l ing urine and scat samples col lected from forests and matching them to 

a reference collection of known t igers (L. Kerley, personal communicat ion, 2004). The 

movements of individual t igers are monitored using a combination of observation, 

convent ional tracking and the dog-ident i fied seats ( Kerley, 2003) .  However, information 

on t he populat ion dynamics of the t igers can be obtained by using the dogs a lone. B y  

record ing the locations where scat and urine samples  were col lected, populat ion numbers, 
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d istribution, movement and home range s tzes can be calc u lated using mark-recapture 

analysis (L.  Kerley, personal communicat ion, 2004) .  T igers new to the area can also be 

ident ified by th is  method (L.  Kerley, personal  communicat ion, 2004) .  Two dogs used in  

t h is project have proved to  have accuracy rates of  89% and 96% ( Kcrley, 2003 ) .  The dogs 

have also been able to ident i fy t igers from b lood samples, although b lood is not typ ical l y  

presented a s  a scent sample ( L .  Kerley, personal communicat ion, 2004) .  

2 .3.6 Seals 

Trained dogs ass ist researchers studying ringed seals ( Phoca hispida) in the North 

American arct ic .  Dogs have been re l ied on to locate these seals in a number o f  studies, 

which assessed the impacts of human act ivity and industry on the seals; examined 

possible links between lair characterist ics and predation success ; and obtained measures 

o f  territory s ize ( Lydcrscn & Gjcrtz, 1 986; Smith, 1 987 ;  Furgal et al. , 1 996 ) .  Dogs were 

trained to locate subnivcan lairs and breathing ho les on the ice shelf by scent. Dogs can 

detect breathing ho les or lairs at distances of  over 1 . 5 km, in  dri fted snow up to 2 m deep, 

and winds o f  up to 46 km/hour (Smith, 1 987 ) .  

2 .3.  7 Bird s  

Dogs tradit iona l ly used for hunt ing game birds arc now frequently employed t o  help carry 

out studies on threatened bird spec ies. Locating birds in order to study them has been 

made far eas ier with the assistance of dogs. Yellow Rai ls  (Coturnicops noveboracensis) 

arc c lassified as a vulnerable spec ies in Quebec ( Robcrt & Laporte, 1 997 ) .  Because their 

patchy, local ised distribution makes them extremely di fficult to locate, study, or catch, 

dogs have been used to fmd t heir nests during research proj ects ( Robcrt & Laporte, 1 997) .  

Management programs o f  rare av1an spcc JCs have a lso benefited from dogs ' innate 

behaviours. Border co l l ies, for example, have been used to help capture endangered 

Aleut ian Canada geese ( Branta canadensis leucopareia) in A laska for relocation to 

predator-free is lands (Shute, 1 990) . The terrain o f  the island the geese original ly  irthabited 

made catching them extreme ly dangerous for humans, and many researchers and geese 

sustained inj uries. The use o f  dogs not only made the exercise much safer, but also much 
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more e fficient . Scientists took three weeks to catch 1 20 geese ; two dogs were able to 

round up 1 43 in only four days (Shute, 1 990). 

Surveys of  b ird carcasses can be used to est imate mortality caused by disease, poisoning 

or po l lut ion ( Homan et al. , 200 1 ) . Quick recovery o f  carcasses before decomposit ion or 

scavenging takes p lace is important to  obtain accurate populat ion estimates. Homan et al. 

(200 I )  compared the searching effic iency o f  humans and dogs loo king for house sparrow 

( Passer domesticus) carcasses amo ngst vegetation in the United States. They found the 

dogs were signi ficant ly more efficient at detecting avian carcasses than humans, finding 

twice as many, even at very low carcass densities. 

2.4 Detectio n  Dogs used for Conservation in New Zealand 

Altho ugh there i s  l it t le published l iterature on conservation dogs being used in ew 

Zealand, dogs have he lped to locate and capture threatened spec ies here s ince the 1 800s. 

The earl iest use o f  dogs for conservat ion purposes in New Zea land is bel ieved to be by 

Richard Henry, the first custodian o f  Reso lut ion I s land reserve in F iord land. I n  the 1 890s 

he used dogs to locate and capture k iwi (Apte1yx spp . )  and kakapo (Strigops habroptilus) 

on the mainland, and moved them to Reso lut ion I s land to protect them from introduced 

mammal ian predators ( H i l l  & H il l, 1 987) .  Henry claimed that one of his dogs could detect 

kakapo scent from over 400 m away, and that the dog was so accurate it would find 

practica l ly al l  the birds in an area during its first search ( H il l  & H i l l, 1 987) . 

The N ew Zealand Wildl ife Serv ice ( now incorporated into DoC) used dogs in 

conservation programs to fmd kiwi ,  takahe, waterfowl and up land game-birds (Clegg, 

1 99 5 ) .  Kakapo conservation work continued to ut i l ise dogs from the 1 950s through to the 

1 980s (Reid, 1 969; Merton, 1 97 5 ;  Best, 1 979 ;  1 980). Kakapo-detect ion dogs were 

considered to be essential too ls for finding the critically endangered b irds, and the dogs' 

sk i l l  at locating kakapo was c ited as responsible for "a dramatic c hange in the fortunes o f  

the [ kakapo] program" (Best, 1 980, p .  3 3 ) .  
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Dogs now play a far wider role in New Zealand conservation (Browne & Stafford, 2003) .  

There arc two formal branches o f  conservation dogs: 'protected species dogs' and 

'predator control dogs' .  Protected spec ies dogs arc used to track ,  locate and capture 

protected native species in their natural environment (Table 2. 1 ) . Predator dogs arc used 

in a s imi lar capacity to search for introduced pest spec ies (Table 2 . 1 ) . 

Table 2 . 1 :  Protected native species and introduced pest species that conservation dogs ( protected species 

dogs and predator dogs) have been trained to locate. * 

Protected spec ies dogs' target species 

Wood rose (Dactylanthus taylorii) 
Tuatara (Sphenodon spp. ) 

Gecko (Naultinus spp. and Hoplodactylus spp . )  
Sk ink ( Oligosoma spp . and Cyclodina spp . )  

Kiwi (Apteryx spp. ) 
Petrel ( taiko) (Pterodrama magentae) 

B lue duck (Hymenolaimus malacorhynchos) 
Brown teal (A nas ch!orotis ) 

Campbcl l  [ s land teal (A nas aucklandica nesiotis) 
Takahc (Porphyria mante/li) 
Wcka ( Ga/lirallus australis ) 

Sn ipe ( CoenocOI)'pha auck!andica) 

Black- frontcd tcm ( Sterna a!bostriata) 
Kakapo (Strigops habropti!us ) 

* J. Chcync. personal commun i cation, 200 2 .  

Predator dogs ' target spec ics 

Possum ( Trichosurus vulpecula) 
Wal laby ( Diprotodontia) + 

Rat ( Rattus spp . )  
Mouse ( Mus musculus) 

Cat (Felis catus) 
Mustcl id ( Mustela spp . )  

Deer ( Cervus sppy 
Goat ( Capra hircus) + 

Pig ( Sus scrofa) + 

+
These pest spec ies arc not official ly part of th e predator dog program, although ' wi l d  animal control dogs' 

arc used to locate them. 

2.4. 1 Protected species dogs 

Protected species dogs arc used to locate a wide range of species, and have contributed 

s ignificant ly to the conservation of some N ew Zealand animals.  Rel iable k iwi-detection 

dogs, for example, arc considered to be essential to k iwi  field research because the birds 

arc so difficu lt to locate (Co lboumc, 1 992 ) .  Dogs arc used during the day when the birds 

arc s leeping in underground burrows or dense vegetation, and at night while they arc 

actively forag ing (Co1boume, 1 992;  McLcnnan & Potter, 1 993 ) .  

Conservation dogs can s ignificant ly reduce the amount o f  t ime spent searching for a 

target spec ies . For example, there is one dog in New Zealand trained to detect the 
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endangered wood rose,  the world' s only terrestria l  bat-pol l inated flower (Daugherty et al. , 

1 993 ) .  The handler o f  this dog states that by using the dog, t ime spent searc hing for the 

p lant is  reduced from up to one hour to a maximum of I 0 minutes per p lant (G .  Atkins, 

personal communicat io n, 2002) .  

Many protected spcc tes management programs m New Zealand would have been 

impract ical and very d ifficult to implement without using dogs ( Brownc & Stafford, 

2003 ) .  The co-ordinator  of the Department of Conservat ion 's  Nat ional Conservat ion Dog 

Program, John Chcync ,  has many years experience working with conservat ion dogs. H e  

be l ieves "kakapo may well be ext inct by now i f  i t  wasn ' t  for the use o f  trained dogs in 

locating them. Kiwi conservation is probably 20 years advanced because of the use o f  

dogs" (personal communicat ion, 2002 ) .  

2 . 4 . 2  P redator d o gs 

Predator dogs contribute to the conservat ion of  N ew Zealand species through helping to 

reduce the impacts o f  introduced pests. Dogs can be particularly useful  in  eradicat ing 

surviving individuals a fter other methods ( i . e .  aeria l  po isoning) have reduced predator 

populat ions to low numbers ( Cowan, 1 992;  Calcy & Ottlcy, 1 995 ) .  

Wi ld animal control dogs arc used to  locate a number of pest species that arc outside the 

scope of the predator dog program (Table 2 . 1 ) .  

2.5 Studies with Similar M ethods 

Many studies have a imed to quant i fy dogs' o l factory discriminatory abi l i t ies .  This sect ion 

examines the methodo logy of research that has t ested the abi l ity of dogs in experimenta l 

s ituations. 

2 .5. 1 Detection d ogs for non-biological scents 

A ccelerants 

A series of experiments by Kurz et al. ( 1 994) compared the abi l ity o f  dogs to detect 

acce lerants with t radit ional laboratory techniques.  They used two Labradors trained by 
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Police, which received regular training, testing and a nnual recert ification. M easured 

amounts o f  potential acc elerants (gasoline, kerosene and isopars) were added to 

continuous l inear strips o f  burned and unburned carpet and wood. The dogs were led 

along the strips at least three t imes and indicated by sitting when they detected an 

accelerant .  

Tindal l  & Lothridgc ( 1 99 5 )  a lso evaluated canine accelerant detection teams. They tested 

a total of 39 dogs, 39 hand lers and l 0 trainers in a series of tests designed to examine 

different aspects of acce lerant detect ion .  The dogs were required to indicate the location 

of various t ypes and amounts of acce lerants p laced ins ide l ines of five to I 0 cans or on 

pieces of wood. The dogs had to make the ir selection from amongst common pyro lys is  

products and/or contro ls. 

Kurz et al. ( I  996 ) ran a scncs of  experiments to exam me the c ffccts of  background 

interference on the acce lerant detection abi l it ies of both dogs and laboratory tcchr � . _, 

They used 34 trained accelerant detection dogs fro m a l l  over the Un ited States ; and 

fo l lowed an experimenta l protocol very s imi lar that used by Tinda ll  & Lothridgc ( 1 99 5 ) .  

2 .5.2 Detection dogs for biological  scents 

Humans 

Kalmus ( 1 95 5 )  investigated the abil ity of  dogs to discriminate human odours, in 

particular, ident ical twins. Part of  the study invo lved retrieval exerc ises, in which two 

Alsatian b itches trained for ' show' purposes were used. T he methods were s imi lar to the 

standard show protoco l .  A dog was presented with a l ine o f  several handkerchiefs, one of  

which contained the armpit odour of  a speci fic person .  That person then held the dog ' s  

muzzle wi th  their hands, and  the dog was to ld to  retrieve the matching handkerchief I n  

the init ial  tests, the dogs were required t o  ident i fy the correct handkerchief from amongst 

other handkerchiefs containing no scent, or the armpit scent of other people.  T he 

experiments invo lving twins were performed in a s imi lar fashion, and the dogs were 

ult imately required to locate a handkerch ie f  containing t he odour of a specific twin from 

amongst handkerchiefs scented by the second twin and members o f  the twins' immediate 

fami ly. 
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A study by Brisbin & Austad ( 1 99 1 )  tried to evaluate the abi l ity o f  dogs to ident i fy 

individual human odours. They u sed three dogs that were trained to dist inguish human 

scent .  The dogs had al l  reached the American Kennel C lub ' s  (AKC) 'ut i l ity dog'  leve l o f  

competence. This t i t le general ly requires at least six months to one year o f  training. They 

were all tra ined and handled by the same person. Brisbin and Austad 's methods fo l lowed 

a protocol s imi lar to the AKC competit ive scent d iscrimination task. This exercise 

invo Ives I 0 ' scent art ic les ' ( five made of leather, five metal) presented to a dog in a 

stra ight line. The dog is requ ired to retrieve the one leather and the one metal artic le  

scented from the palm o f  i t s  handler 's  hand (the other e ight artic les being scented from 

the palm o f  the judge ' s  hand) .  

The abi l ity o f  Dutch police dogs to match scents from different parts of  the human body 

was invest igated by Schoon & De Bruin ( 1 994) .  S ix Dutch po l ice dogs were used, 

varying in age and sex, a lthough all were shepherd breeds (German, Mal ino is, or mixed) . 

The dogs were trained to perform scent discr imination tasks and certi fied as human scent 

track ing dogs. The experimental procedure involved vo lunteers holding stain less stee l 

tubes in either their hands, crooks of  elbows, or pockets, to impart theLr scent to the tubes. 

The dogs were given a tube to smell , scented by a spec ific person, which they then had to 

match to one o f  six tubes laid in  a row inside the training room, one of which was scented 

by the same person although not necessari ly from the same part of their body. 

Sett le et al. ( 1 994 ) attempted to quant ify the success rates of dogs ident i fying human 

scent under s imi lar working condit ions to those of  pol ice dogs in Germany and the 

Netherlands. They used male handlers and dogs from a police dog training school as the ir 

subj ects. The dogs were trained prior to and during the test ing period. A l l  tria ls were 

performed in an indoor trainLng room at the school .  Scent samples from over 700 

individuals  were col lected on sma l l  cotton c loths. In the first series o f  experiments, seven 

dogs were presented with a c loth containing their target odour and were required to match 

it to another c loth scented by the same person, from amongst five c loths scented by other 

peop le.  I n  the second group of tr ials, three dogs were asked to match a c loth scented by 

various parts of the body to a steel tube containing that same person's  hand scent, from 

amo ngst five tubes contaLning other people ' s  hand scent. 
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Schoon ( 1 996) performed a series o f  experiments evaluat ing the design o f  four d ifferent 

scent discriminat ion tasks. Eight shepherd dogs (German, Malinois, Dutch and cross­

breeds) of varying age and sex were used. A l l  o f thc dogs had been trained to meet Dutch 

police human scent tracking standards. The experiments were carried out over an eight­

month period, with each dog performing a maximum of two experiments per test-day. 

They were conducted at s ites fami l iar to the dogs (outdoor and indoor areas) under 

normal working condit ions .  Volunteers held stainless steel tubes in their hands to col lect 

scent . Up to 1 4  tubes were laid on the ground in two rows. The dogs were given a ' sample 

tube' to smell and were then required to retrieve the matching tube from amongst other 

scented tubes. 

Another scent discrimination study by Schoon ( 1 99 7 )  fo l lowed an odd-even paradigm. 

Four Mal ino is shepherds were used; three were without scent training prior to the study 

and one was a cert ified po lice dog. A l l  the dogs were trained for the purposes of this 

experiment over approximately one year. Training and experiments were conducted in an 

indoor area that was c leaned regu lar ly. The dogs were given human scent on e ither a 

stainless steel tube or another object. They were trained to approach a p latform where two 

tubes were fixed (contro lled by a h idden observer); one tube had an odour, and the other 

was blank. An 'even ' trial was when the two scents matched, and the dogs were trained to 

respond to this by retrieving the scented tube. An 'odd' trial was when the two scents did 

not match, and the dogs were then requ ired to retrieve the blank tube instead, ignoring the 

scented one. l f thcy attempted to make an incorrect selection, the observer did not release 

the tubes, not a l lowing the dogs to pick up the tubes (which was a form of reward) .  

Medical conditions 

Picket et al. (2004) u sed two dogs to ident ify me lanoma t issue samples. One dog was a 

trained po l ice dog and cert ified for bomb detection work, and both dogs held mult ip le 

AKC obedience and ut i l ity t i t les. The dogs were in it ia l ly trained to ident i fy the scent of 

melanoma t issues. The testing began once the dogs' proficiency in the training exerc ises 

was judged to be "near perfect". In t he first series of tests, a melanoma t issue sample was 

p laced in one part of a long ' scent box '  divided into 1 0  distinct compartments. Zero or 

one to nine of the other compartments held objects that a dog would common ly encounter 

in a medical sett ing (e .g .  gauze, latex g loves, etc . ) .  The dogs were led a long the box and 
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were required to  locate the melanoma sample .  The second series o f  tests invo lved both 

dogs inspecting human beings . Healthy vo lunteers had variable numbers of adhes ive 

bandages attached to the ir bodies, one of  which contained a melanoma t issue sample.  The 

dogs were encouraged to inspect each bandage and indicate the presence o f  the melano ma 

t is sue. The third and final test used actual pat ients with suspected melanoma. Numerous 

adhesive bandages were p laced on the pat ients '  skin, including over the area suspected to 

be cancerous. The dogs searched the pat ients for melanoma t issue. 

Wi l l is  et al. ( 2004) examined dogs ' abi l ity to detect human b ladder cancer. S ix dogs were 

trained for seven months to discriminate urine from pat ients with b ladder cancer from 

non-cancerous urine samples .  None of the dogs had previous scent training experience. 

The dogs were evaluated on their abi l i ty to discriminate between urine samples on filter 

paper in Petri dishes. One sample was from a pat ient with bladder cancer, the s ix  

remaining samples were from healthy contro ls .  

Cows in oestrus 

Hawk et al. ( 1 984) trained dogs to discriminate between oestrous-related odours in cows' 

milk. N ine m i lk samples were adsorbcd onto cottons balls ,  p laced in perforated containers 

and arranged into a line along the ground. Two to six dogs were used in severa l 

experiments. The dogs were led a long the l ine  and required to indicate the locat ion o f  the 

target odour. 

Kiddy et al. ( 1 978;  1 984) a lso used dogs to detect oestrus-related odours . They used four 

and six dogs respect ively, to discriminate between a variety of body flu id samples taken 

from cows in oestrus and dioestrus. The dogs were required to discr iminate between 

samples in methods very s imi lar to those used in the study by Hawk et al. ( 1 984 ) .  

Insects 

Brooks et al. ( 2003) studied the abi l ity o f  dogs to detect l ive termites i n  severa l d i fferent 

scenarios. E xperienced dog trainers taught s ix dogs (one German shepherd and five 

beagles) to locate eastern subterranean termites. The testing was carried out over several 

months, and twice-dai ly training sessions were maintained throughout th is  period. A l ine  
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of five PVC containers was set up on the ground, and the dogs were required to indicate 

the presence o f  termites  in one or more of the containers by d igging, or to disp lay no 

response in the absence of the termites. 

Microorganisms 

The possib i l ity o f  using dogs to detect off-flavour compounds in commerc ia l  catfish 

ponds was invest igated by Shclby et al. ( 2004 ) .  Six dogs were trained dai ly  for six 

months, and three dogs were subsequent ly selected for evaluat ion. The dogs were 

presented with a l ine o f  five boxes, each ho lding a sample of pond water. The dogs were 

trained to sit beside the one sample that contained the off-flavour compounds. 

2.5.3 Detection d ogs used for conservati o n  i nternational ly  

Bears 

The abi l ity o f  trained dogs to distinguish between grizzly bear and black bear seats was 

tested in an art ific ia l  environment by Hurt et al. ( 2000) .  Three dogs were used, two of 

which had completed part of  a narcotics-detect ion training program, the  other had no 

prior scent training. The training and testing was carried out in indoor fac i l it ies, using a 

scent box with dist inct compartments,  each containing a scent . The dogs were trained to 

sni ff the compartments and ident ify grizzly bear seats. They were tested on their abi l ity to 

locate one grizzly bear scat from amongst four black bear seats, and to give no response 

when presented with five black bear seats only.  

Foxes 

Smith et al. (2003 ) performed a s imp le scent discr iminat ion experiment as part o f  a larger 

study examin ing the detection and accuracy rates  of dogs trained to fmd endangered San 

Joaquin k it fox seats .  Four dogs of d ifferent breeds were trained to ident ify k it fox seats 

(one had a lso previously been trained to detect k it fox seats in the field) .  The trials were 

a l l  conducted at a dog training faci l ity, us ing a scent box with a series of compartments 

containing odours. I n  each trial the scent box contained either one kit fox scat and four 
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red fox ( Vulpes vulpes) seats, or five red fox seats .  The dogs were tested to see i f  they 

could discriminate between red and k it fox seats, and i f  they could ignore red fox seats i n  

the absence o f  kit fox seats .  The dogs were trained to s it beside the k it fox scat once they 

had located i t .  

Tigers 

Kerlcy (200 3 )  examined the accuracy o f  two dogs trained to ident ify individual Amur 

t igers . The dogs were tested over a period of 1 2  days in  an indoor fac i l ity. T iger seats 

co l lected from the forest were placed into jars . The dogs were required to sniff the seats 

contained in  a ' start' jar and then proceed to sniffing a c irc le of jars. They were trained to 

then s it in front of the jar that contained the same tiger scent as the start jar. 

2 .5.4 Detection dogs used for co nservatio n  i n  N ew Zeal a nd 

No other studies have assessed the abil ity of  New Zealand con ervat ion dogs m an 

experimenta l  s ituation.  
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CHAPTER 3 

THE ABILITY OF DOGS TO 

DETECT TUATARA SCENT 

A tuatara (Sphenodon punctatus) in the forest on Stephens Island, New Zealand. 

Photo: Dr Paddy Ryan. 



3 .1 Introduction 

Tuatara (Sphenodon spp. )  arc endemic N ew Zea land repti les, and the so le extant members 

of the order Sphenodontia (Daughcrty et al. , 1 993 ) .  Sphenodontids were once widely 

distributed, and fossi l  remains have been found in Africa, Europe and North America 

(Crcc & Butler, 1 993 ) .  Many spec ies of Sphcnodont ids existed a longside d inosaurs, but 

all except the tuatara became extinct approximately 60 mi l l ion years ago (Gaze, 200 1 ) . As 

the only surviv ing Sphenodontids, tuatara arc considered to be of "except ional 

international importance to the cvo lut ionary history o f  rept iles" (Crec & Butler, 1 993 ,  p. 1 ). 

Two species of  tuatara arc currently recognised, one o f  which comprises two subspecies. 

Northern tuatara (Sphenodon puncta/us punctatus) inhabits offshore isl ands from the Bay 

of P lenty northwards; Cook Strait tuatara (S. punctatus) populates Step hens I sland and the 

Trio I s lands in the Marlborough Sounds; and Brothers I s land tuatara (S. guntheri) is 

found only on the tiny (4 ha) Brothers I s land in the Marlborough Sounds ( Daughcrty et 

al. , 1 990a; Gaze, 200 1 ; H ay et al. , 2003 ) .  Most o f the research on tuatara has been carried 

out on t he Stcphens I s land populat ion . 

3. 1 . 1  T uatara bio l ogy 

Tuatara arc cw Zealand 's largest terrestrial rcpti les,  with adu Its ranging in snout-vent 

length ( SV L )  from 1 70-250 mm and weighing 300- 1 ,000 g (Crcc, 1 994; Gaze, 200 I ) . 

They have a variety o f  co lourat ions inc luding brown, black, green, p ink or rust w ith 

pattcming (Thompson et al. , 1 992) .  Adult males arc larger and ha vc bigger crest sp ines 

than adult females, and females have a more 'pear-shaped' abdomen ( Cree et al. , 1 995 ) .  

Superfic ia l ly, tuatara appear simi lar to  their s i ster taxon, squamates (Thompson & 

Daugherty, 1 998) .  They have analogous funct ional adaptat ions and exhibit behaviours 

simi lar to squamates in certain soc ial contexts (G i l l ingham et al. , 1 995 ) .  Despite this, 

there are several features that distinguish Sphenodontids from a l l  o ther rept i les inc luding 

a unique dentition and special ised jaw movement, a d iapsid sku l l, u nc inate processes on 

the ribs and the absence  of a male copu latory organ (Cree & Butler, 1 993) .  
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Tuatara have been described as cryophi l ic rept i les (Thompson & Daugherty, 1 998) .  They 

remain act ive with body temperatures as low as 5 . 2  oc when most l izards would be 

inactive (Thompson & Daughcrty, 1 998) ,  and body temperatures as high as 2 7 .2 oc have 

been recorded ( Crec, 1 994 ) .  A lthough primari ly nocturnal (Crec et al. , 1 995) ,  tuatara bask 

in sunlight during t he day ( Wa l ls, 1 98 3 ;  Crcc, 1 994) .  Tuatara arc less act ive during cold 

months but emerge from their burrows on warm winter evenings ( Wal ls, 1 98 1  ) , and arc 

more conspicuous during damp weather ( Wal ls ,  1 983) .  

Tuatara live in underground burrows, which arc usua lly dug by scabirds, alt hough they 

also dig their own burrows ( Crcc & But ler, 1 993 ;  Usshcr, 1 999) .  Males on Stcp hcns 

I s land defend territories which average 1 5 . 7  m2 in the forest and 86.7 m2 in paddocks, and 

fema les occupy home ranges about half this s ize (defending only a sma l l  area o f  about 

2 m radius around their burrows) (G il l ingham et al. , 1 995 ) .  Ncwman ( 1 98 7 )  found the 

d istances between recaptures o f  adult Step hens I s land tuatara over a number o f  years were 

a maximum of I 0 . 8  m (c ited in Crcc et al. , 1 995 ),  indicat ing high s ite fide l ity .  

The upper l imits of tuatara longevity arc yet to be determined (Crcc, 1 994 ) but they arc 

bel ieved to live for more than 70 years ( Daughcrty et al. , 1 993) .  Tuatara reach sexual 

maturity at approx imately I 1 - 1 3  years ( Castanct et al. , 1 988; c ited in Crcc, 1 994) and 

females can st i l l  be rcproductivcly act ive at 5 5  years ( Ncwman et al. , 1 994) . Tuatara do 

not reproduce annually. Although females can breed every second year ( Ncwman et al. , 

1 994 ),  they have an average nest ing rate o f  about once every four to five years ( Crcc, 

1 994) .  Females nest in open areas that have higher soil  temperatures than under a forest 

canopy, laying an average of 8 .6  eggs in underground tunnels (Thompson et al. , 1 996) . 

Competit ion for nest s ites has been observed on Stephcns I s land. Aggressive interact ions 

sometimes resu lt in tai l  loss, and females w i l l  o ften excavate another female ' s  eggs whi le 

d igging the ir own nest (Nelson et al. , 2004) .  Temperature-dependent sex determinat ion  

has  been estab l ished in  tuatara. The p ivotal temperature i s  between 2 1  and 22  °C ,  with a 

bias towards females produced in eggs art ific ia l ly  incubated at 1 8  and 2 1  °C,  and towards 

males at 22 oc ( Ne lson et al. , 2004). 

Tuatara are opportunist ic foragers, feeding on invertebrates (mainly beetles) ,  other 

reptiles ( including juvenile tuatara), seabird eggs and chicks and carrion ( Wal ls, 1 98 1 ;  
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Gaston & Scofield, 1 995 ) .  Wal l s  ( 1 98 1 )  establ ished that movement was important in 

evok ing a predatory response in  tuatara. However, there are data that suggest tuatara do 

respond to chemical cues. Tuatara feed on mot ionless items (e.g.  eggs and carrion) ,  and 

select ively bite in reaction to prey chemicals ( Wal ls, 1 98 1 ;  Cooper et al. , 200 1 ) . The 

vomeronasal c hambers in tuatara do not open via ducts into the oral cavity as they do in 

squamatcs ( Parson, 1 970; c ited in G i l l ingham et al. ,  1 995) ,  and they have a lower density 

of vomeronasal chemoreceptor cells ( Gabe & Saint G irons, 1 976; c ited in Cooper et al. , 

200 I ) . This, and the fact that tuatara have not been observed to use tongue-flicking as a 

means of  mediat ing feeding o r  social behaviour, suggests that vomcro lfact ion is not 

essent ial in chemical discrimination for tuatara (Gil l ingham et al. , 1 995 ;  Cooper et al. , 

200 I ) . Olfact ion has been proposed as the most l ikely sense involved in tuatara 

chemoreception ( Wal ls, 1 98 1 ;  Cooper et al. , 200 I ) . 

E vo lving in iso lat ion rrom mammal ian predators ( Daughcrty et al. , 1 994),  tuatara have 

few natural predators. The A ustralasian harrier ( Circus approximans) ,  New Zealand 

falcon ( Fafco novaeseefandiae) ,  k ingfisher ( Halcyon sancta vagans) and possibly the 

Southern black-backed gu ll ( Larus dominicanus) and morcpork ( Ninox novaeseelandiae) 

w i l l  feed on tuatara (Crcc & Butler, 1 993 ; Gaze, 200 I ) . The ext inct adze bi l l  (Aptornis 

otid(formis) and cw Zealand raven ( Corvus antipodum) may also have preyed on tuatara 

( H o ldaway, 1 989 ;  cited in Crcc & But ler, 1 99 3 ) . 

3 . 1 .2 Current status of t uatara i n  N ew Zea l a n d  

Tuatara were originally distributed over most of  New Zealand ( cwman, 1 877 ;  Crcc & 

But ler, 1 993 )  but arc now absent from the mainland and on ly remain on 36  islands o ff the 

coast of  New Zealand. The two species currently inhabit 0 .5% or less o f  the geograph ic 

range they occupied prior to human arrival (Crcc & But ler, 1 993 ) .  Although tuatara have 

been ful ly protected by N ew Zealand legislation s ince 1 895 ,  25% of the known 

populat ions have become ext inct in the past I 00 years ( Daugherty et al. , 1 990a) . Crce & 

B ut ler ( 1 99 3 )  predicted that i f  those trends persisted, 1 2-23% o f  the remaining 

populat ions were likely to die out  within the next 50 years. 
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Extinct ion o f  tuatara on mainland N ew Zealand was primari ly caused by the arrival o f  

humans, the introduction o f  predatory mammals  and habitat modificat ion  (Cree et al. , 

1 995) . I ntroduced rats, Norway rats (Rattus norvegicus) , ship rats (Rattus rattus) and 

Polynesian rats or k iorc (Rattus exulans) in particular, are thought to have had a 

detrimental impact on tuatara survival (Newman, 1 988;  Cree & But ler, 1 993 ;  Crce et al. , 

1 99 5 ) .  The smal l  size o f  most o f  the is lands that hold tuatara means that the potential r isks 

to these popu lations posed by the introduction of predators, habitat destruction (e .g .  by 

fire) and poach ing arc ampl ified (Crcc & But ler, 1 993 ) .  

The cw Zealand Department o f Conscrvation produces ' recovery p lans ' that compi le  the 

research carried out on threatened species and deve lop long-term management strategies 

aimed at halting and revers ing t he spec ies ' dec l ine .  The most recent tuatara recovery p lan 

produced by DoC estimated the northcm tuatara populat ions total at approximately 

I 0,000 animals; the Cook Strait populations 45 ,000; and Brothers I s land 400 individua ls 

(Gaze, 200 I ) . The New Zealand Threat Classi ficat ion System produced by DoC 

categorises taxa according to the leve l of threat of  extinction they face (Mo lloy et al. , 

2002 ) .  Within this c lassificat ion system, northcm tuatara arc described as ' sparse ' ,  Cook 

S trait tuatara as · range restricted' and Brothers I sland tuatara as ·national ly endangered' 

( H itchmough, 2002 ) .  The lntemational Union  for Conservat ion of  Nature and atural 

Resources ( [UCN ) 2003 Red L ist describes S. punctatus as ' low risk ' (grouping the 

northcm and Cook Strait subspecies together) and Brothers I s land tuatara as · vulnerable '  

( I UCN, 2003) .  

3 . 1 .3 M anagement of t u a tara 

The Department of Conservat ion ' s  long-term goal for tuatara is to maintain genet ic 

d iversity by restoring ex ist ing populations to their natural levels and establ ishing new 

populat ions throughout the prc-human range o f  tuatara (Gaze, 200 I ) . Raising publ ic 

awareness o f  tuatara conservation is also an objective. A number of ' act ions '  have been 

out l ined by DoC to help a ffec t  this, including monitoring trends in tuatara populat ions 

and surveying i s lands that may ho ld current ly unknown relict populat ions (Gaze, 2 00 I ) . 
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To date, most research on tuatara has used s imple observations along transects or catch 

per unit e ffort methods ( i . e. the number o f tuatara captured per person per hour search ing) 

to capture and monitor tuatara and to provide crude indices of  re lat ive abundance ( Wal ls ,  

1 98 3 ;  Thompson et al. , 1 992;  N ew man et al. , 1 994; Cree et al. , 1 995 ;  Hay et al. , 2003 ) .  

These methods have inherent prob lems that account for many undetected individuals, 

part icu larly juven i les .  These prob lems inc lude the crypt ic behaviour of  tuatara, the 

d i fficu lty o f accessing their habitat and the learned avo idance of spot l ights ( Wa l ls, 1 983 ;  

Cree et  al. , 1 995 ;  clson et al. , 2 002) .  Also, due to  their burrowing nature, only the 

proportion o f  tuatara above ground wil l  be avai lab le for visual sampl ing methods (Cassey 

& U ssher, 1 999 ) .  Systematica l ly  search ing burrows for occupant tuatara is t ime 

consuming and can destroy their hab itat (Cassey & Ussher, 1 999) .  

The tuatara recovery plan has ident ified the need to establish pract ical alternat ive methods 

to census tuatara and monitor populations ( Gaze, 2 00 I ) . The use of  dogs trained to detect 

tuatara may prov ide an alternative method. The power fu l o lfactory abi l it ies o f  dogs could 

be a d ist inct advantage when search ing for a burrowing, nocturnal ,  cryptic spec ies such as 

tuatara. By relying on olfact ion rather than visual cues dogs arc more l ikely to find hidden 

individuals. Dogs can access habitat that humans cannot .  Dogs could search burrows 

w ithout causing damage or significantly disturbing occupants, thereby a l l  members o f  a 

populat ion potential ly become avai lable for sampl ing. By exp loit ing dogs' advanced 

sense of smel l ,  tuatara populat ions could potent ially be surveyed more effect ive ly and 

more e ffic ient ly. 

Dogs have potential to be significant tuatara conservation tools. This study a1ms to 

invest igate whether dogs can detect tuatara scent in  a variety of s ituat ions. 
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3 .2 lVIethods 

A number of dogs from a loca l  dog-training club were used for this  study. The dogs had 

been trained to perform scent discriminat ion exerc ises for compet it ive obedience work, 

and the experimental des ign of this study c losely fol lowed the protocol of these exerc ises. 

Seven trials were he ld, each with a d i fferent target scent the dogs were required to 

ident i fy .  T he target scent in the first two trials was human scent, and the remaining five 

trials used tuatara (S. punctatus) scent . 

3.2 . 1 Dogs 

Purchasing and train ing a large number of  dogs for this research would have been too 

t ime-consuming and was not financ ia l ly  feas ible. I nstead, the study subjects were sourced 

from a loca l dog-training c lub, the Tararua Al l  breeds Dog Training C lub (T ADTC) .  

M embers o f  the c lub train their dogs for compet itive obedience work, which can include 

scent d iscriminat ion tests where the dogs arc requ ired to find spec i fic scents .  Such 

compet it ive scent work is standardised across ew Zealand according to the cw 

Zealand Kennel C lub  (NZKC) Dog Training Regulat ions (New Zealand Kenne l C lub 

( Inc . ) , 2005 ) ;  therefore dogs from any Z KC approved compet it ive obedience dog c lub 

in New Zealand trained to perform scent exerc i ses, arc trained according to the same 

standard protocol .  

E ight handlers with nine dogs from the c lub voluntarily part ic ipated in the study (Table 

3 . 1 ) . The dogs differed in breed, sex, age and their  previous leve l of training. The NZKC 

has an abi l ity-based ranking system for their competit ive obedience work, with categories 

' spec ial beginners ' ,  ' novice ' ,  ' test A ' ,  ' test B '  and ' test C ' ,  in order of increasing 

competence (requirements to meet t hese categories arc described in  New Zealand Kenne l 

C lub ( I nc . ) ,  2005) .  Most of the dogs used in this study were at the novice level o f  

obedience training. Dogs are not required to compete in scent d iscrimination exerc ises 

unt i l  they reach the test A category, so many of the dogs in this study were trained beyond 

novice level,  some specifical ly  for th is research. None of the dogs was trained so lely for 

scent d iscrim ination. 
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Table 3 . 1 :  The dogs that partici pated in thi s  tudy from t h e  Tararua Al l  breeds D o g  Training C lub. T h e  dogs 

received various levels of obedience training, includ ing scent discrimination tra in ing, prior to thi s  study. 

Dog Breed Sex 
Age Level o f  Scent training Scents used in 

( years) traini ng
* 

prior to study prior training 

H uman, horse, 
Labrador retriever B itch 2 Novice 3 days bul l ,  possum, 

rabbit, cockatoo 

2 Rottwei ler Dog 1 0  Test B 7-8 years Human 

3 
Ke lp ie I 

Dog 4 Test B 2 years H uman 
border co l l ie x 

4+ German shepherd B itch 2 . 5  OVICe 6 months Human 

Spayed 
H uman, horse, 

5 Labrador retriever 4 Novice 3 days bull ,  possum, 
B itch 

rabbit, cockatoo 

eutered 
Human, horse, 

6 Labrador retriever 
Dog 

1 0  Test B 5 years bull, possum, 
rabbit, cockatoo 

7 Golden retriever B itch 8 . 75 OV!Ce 3 weeks H uman 

8"' 
German shepherd I Spayed 

6 OV!Ce 8 months H uman 
Staffordshire terrier x B itch 

9 Dalmatian B itch 6 OV!Ce 2 weeks H uman 

* Th e level of obedience train ing the dogs received prior to the start of this study. The New Zealand Kennel 

C l ub categories  include 'special beginners ' ,  'novice' ,  ' test A · ,  ' test s ·  and ' test C ' .  in order of increasing 

competence. 

+ Th e same h andler owned both of these dogs. 

3 .2 .2  Study location 

Most o f  the tria l s  were conducted under normal obedience training and working 

conditions for the hand lers and dogs at the c lub' s training grounds located in Longbum, 

2 . 5  km south west of Palmerston North, New Zealand. The training grounds consisted o f  

two asphalt areas, each 3 6  x 4 2  m and enclosed b y  1 . 7 m h igh wire mesh fenc ing (F igure 

3 . I ) . F loodlights were used to light the grounds at night during winter months .  
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F igure 3 . 1 :  Tararua All breeds Dog Training Club grounds. Photo: Clare Browne. 
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For the convenience o f  the dog handlers the scent exercises were held once a week on the 

same night as the c lub met ,  after the general obedience c lasses had fmished. A range o f  

dog obedience c lasses was taught at the c lub, and approximately 3 0  dogs trained o n  the 

grounds each week before the exerc ises. When hand lers missed club sessions and had 

several scent exerc ises to catch up on, some exercises were conducted at the handlers ' 

homes . 

3 . 2 .3 E xperime ntal p rotocol 

Preparation ofequipment 

Two hundred c loths were prepared in accordance with the NZKC speci ficat ions for scent 

discriminat ion clo ths (New Zea land Kenne l C lub ( Inc. ) ,  2005 ) .  The c lo ths were 1 8  x 1 8  

cm, and made from four d i fferent coloured cotton sheets (p ink, beige, b lue and dark 

grey) . After each use the c lo ths were washed in a washing machine, without detergent, to 

remove any debris, and then wrapped in small tin fo i l  pouches and steril ised in an 

autoclave at I 1 7  oc for 20 minutes. D isposable latex gloves were used to handle all c loths 

a fter they had been autoclaved. The c loths were hung on a l ine using steril ised pegs, and 

dried in direct sun l ight whenever possible. 

'Neutral '  c loths ( sterile c lo ths not impregnated with scent )  were stored in  a irt ight G lad 

Snaplock® p last ic bags unti l  their use. 'Target' and 'decoy' c loths ( c loths impregnated 

with scent) were prepared with one of three sources o f tuatara scent : seats, s loughed sk ins 

or paper towels that capt ive tuatara had been sitt ing on for several days within their 

enc losures ( F igure 3 .2 ) .  ( I f  the tuatara had urinated, defecated or shed any sk in whi le 

sitt ing on the paper towels,  the towels may have contained not only the scent of  gland 

secretions, but the scent o f  urine, seats and sk ins as wel l . )  Target and decoy c loths were 

prepared by p lac ing either one tuatara scat ( average length = 1 .4 cm) ,  a p iece o f  tuatara 

skin ( sections o f  what had been a nearly ent ire s loughed skin, average s ize = I 0 cm2 )  or 

one paper towel (2 1 x 23 cm) between two sterile  c lo ths.  The c loths were fo lded around 

the item and sca led in a jar for 48 hours prior to the scent exercises .  Due to l imited 

supp lies o f  tuatara skin, the pieces had to be re-used on at least three occasions. The j ars 

(container LBS33558 ,  LabServ, B io lab Ltd . ,  Auck land, New Zealand) were 500 m L  
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F i gure 3 . 2 :  Examples of the tuatara samples used to scent target and decoy cloths .  A tuatara scat i s  o n  the 

upper left, a p iece of tuatara skin is on the lower left, and a tuatara-scented paper towel ( folded) i s  on the 

r i ght .  Photo: C lare Brown e. 
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capacity, made o f  po lycarbonate with polypropylene screw caps. Each jar and l id was 

s ter i l ised in bo i ling water for up to one minute before use, and was used only once. 

I mmediately prior to the scent exerc ises, the tuatara sample  was removed and the c loths 

resealed in the jar ready for use. Latex gloves were used to handle the c loths and jars 

dur ing their preparation and c leaning. Metal tongs were used to handle a l l  c loths during 

the scent exerc ises and these were autoc lavcd after each use. Tuatara samples were 

received from V ictoria University of Wel l ington, Wel l ington; Nga Manu Nature Reserve, 

Waikanac; and Well ington Zoo, Wel l ington. Each person who collected a sample 

completed a form stat ing the species of the animal from which the sample came, the 

an imal 's  sex, the date and t ime of col lect ion, a brief description of the animal ' s  habitat 

and diet and the est imated age of the sample.  Most of the samples were received from 

N ga Manu aturc Reserve, so in order to use samples from the same tuatara population 

( and therefore the same diet and environment)  for each dog, only these samp les were used 

( sec Appendix 4 for informat ion regarding these samples) .  The tuatara samples were 

hand led with latex gloves or sterile metal forceps .  The samples were kept at -20 oc from 

the date they were received unt i l  they were requ ired for use, when they were defrosted at 

room temperature . Freezing the samp les fo l lows the methodo logy o f  s imi lar studies 

( Hawk et al. , 1 984; Kiddy et al. , 1 984; Hurt et al. , 2000; P ickcl  et al. , 2004; Wi l l is et al. , 

2 004) .  

S mal l  rocks were used to ho ld the c loths in p lace during the scent exerc ises. These rocks 

were steri l ised in  bo i l ing water for up to one minute and dried in direct sunl ight when 

possible. 

Protocol of the scent exercises 

S cent exerc ises were based on NZKC scent discrimination tasks (as outl ined in N ew 

Zealand Kennel Club ( Inc . ) ,  2005) that the study dogs were fami l iar with, the main 

exception being t hat no t ime l imit was imposed on the dogs. A straight l ine of eight c loths 

was p laced on the ground. The c loths were 0 .6- 1 m apart, and each he ld in posit ion by a 

rock. In the s imp lest exercise, seven neutral c loths were placed on the ground. The eighth 

c lo th was taken from a scaled jar containing two target c loths. One of the target cloths 

was given to the dog 's handler, who posit ioned themselves and their dog fac ing away 

from the l ine o f  c loths, whi le an observer p laced the second target c loth in the l ine 
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amongst the neutral c loths. The handler and dog were then a l lowed to turn and face the 

l ine of c loths and the dog was encouraged to sme ll  and/or taste the target c loth (Figure 

3 . 3 ) .  The handler gave the dog the command to go and ident ify t he matching target c loth 

from t he l ine of  c loths. It did this by sniffing a long the l ine of c loths ( Figure 3 .4 ) ,  

retrieving the target c loth (F igure 3 . 5 )  and present ing i t  to  their handler (F igure 3 .6) .  The 

handlers were asked not to give any verbal commands to the dog that could indicate the 

location of  the target c loth. The results of the exercise and behaviour of  the dog were 

recorded. 

Decoy cloths were a lso added in some exercises. These c loths were impregnated with a 

d i fferent tuatara scent to the target c loths. The decoy c loths were p laced in the l ine o f  

neutral  c loths as a n  added distraction for the dogs and to ensure that the dogs were not 

select ing the one c loth in the line that smelt di ffercnt to the other neutral c loths. 

A fter each dog comp leted a scent exerc ise the target c loths were replaced. The neutral and 

decoy c loths were also replaced if a dog had mouthed (p icked up, bitten or l icked) them. 

To minimise distraction from other scents, where possible the l ines were set up in areas 

where the least number of dogs had been training in the obed ience classes held 

be forehand. I f  a dog urinated or defecated on or near the scent area, the l ine of c loths was 

moved at least 2 m away to avo id d istracting successive dogs. 

Three l ines of c loths were set up each evening the c lub met and al l  dogs performed one 

scent exerc ise at each of thc three l ines. Two vo lunteers, usually post-graduate and under­

graduate Zoo logy and Eco logy students from Masscy University, Palmcrston North, 

assisted each week, so there was one observer stationed at each l ine of c loths . Each 

person helped for a min imum o f  one comp lete scent trial .  The observers carefu l ly  

watched and recorded the behaviour of the dogs and handlers during the exerc ises, not ing 

i f  the dogs 'succeeded' or ' fai led'  the events. The handlers were asked to te l l  the 

observers if their dogs were unwel l  or on medicat ion, and this information was 

documented in case it influenced the results. T he weather conditions (e .g .  temperature, 

rain and wind) were also noted because of the effect they can have on scent d ispersa l  

(Gutzwil lcr, 1 990;  H arvey & H arvey, 2003 ; Lasscter et  al. , 200 3 ;  Wasser et  al. , 2004). 
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F i gure 3 . 3 :  Dog 2 being encouraged to smell one of a pa i r  of target cloths. The second target cloth has been 

placed in the l ine.  Photo: Clare Brownc .  

F i gure 3 . 4 :  Dog 5 sni ffi ng along the line of c loths, searching for the target cloth. Photo: Clare Browne. 
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Figure 3 . 5 :  Dog 3 retrievi n g  the target cloth. Photo: Clare Brownc. 

Figure 3.6:  Dog 5 presenting the target cloth to its  handler. Photo: Barbara J ust. 
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A scent exercise was defined as successfu l  when the target c loth was the first c loth to be 

retrieved and brought al l  o f  the way back to  the handler. I f  a dog picked up an incorrect 

c loth and dropped it before returning to the handler, and then correctly retrieved the target 

c loth, this was sti l l  a success . I f  the target c loth was not the first c loth retrieved by the 

dog, or if the dog did not retrieve any c loths, the exercise was c lassed as a fai l .  An 

exception to this was when a dog ran enthusiast ical ly to the first c loth they encountered 

and retrieved i t .  l f  the dog had not ventured further along the l ine o f  c loths than the first 

one (so had not had the opportunity to sme l l  any of the other c loths), the dog was sent out 

aga in; i f  it then correctly scented along the l ine and retrieved the target c loth this was 

deemed to be a success. 

The target c loths were p laced semi-randomly along the l ine of  c loths, the only restraint 

being that they were never p laced first in the l ine. Random numbers were generated using 

the random function on a scient ific calculator (Casio, fx-82 W) ,  and the first three 

numbers between two and eight were selected as the positions for the target c loths a long 

the three l ines of  cloths that were set up each week . 

Because the supp ly o f  tuatara resources was l imited, dogs that performed below an 

arbitrari ly prescribed level were withdrawn from the study. A dog that frequent ly fai led 

more than one of three scent exerc ises was cons idered unreliable, so dogs consistent ly 

achieving an average success of less than 66 .7% were omitted from further tria ls. 

3 .2.4 Experimental  designs 

Seven scent trials were run at the c lub, each requiring the dogs to ident ify a d ifferent 

target scent. Each trial consisted of n ine  rep l icates o f  the same scent exerc ise. Al l  tr ia ls  

were p lanned to run over three consecut ive weeks, w ith each dog doing three repl icates 

per week (on the night the c lub met for regular training). 

A l l  o f the trials fo l lowed the same basic protocol .  Trials l and 2 were designed to provide 

a cursory indication of the dogs' abi l ity. 
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Trial l - Handlers ' scent 

In Trial I the target c loths were scented w ith  the dogs' own handler ' s  scen t .  Al l  dogs had 

been previously trained to find their handler ' s  scent, so this was considered the easiest 

possible exerc ise for the dogs to perform. I mmediately before each exerc ise the handler 

rubbed two sterile c loths on their hands, face, neck, or back . The dogs had to identify the 

c loth scented by their handler from amongst seven neutral cloths. 

Trial 2 - Unfamiliar people 's scent 

In Trial 2 peo p le who were unfami l iar to the dogs scented the target c loths . Although 

finding an un fami l iar person ' s  scent was a nove l task for many of the dogs that had 

l imited scent train ing, they were st i l l  being presented with human scent .  People from 

Massey Univers ity, Palmerston North, who had no assoc iation with any o f  the dogs, 

carried one pair of steri le c loths with them for the length o f thc ir work ing day on the day 

of the scent exercises. One of these target c loths was placed amongst seven neutral c loths. 

Trial 3 - Tuatara-scented paper towels 

The target c loths in Trial 3 were prepared w ith tuatara-scentcd paper towels. The paper 

towels were damp, so often during this trial the c loths were damp also (a lthough attempts 

were made to dry them by a iring them) .  The dogs were required to ident i fy one target 

c loth from amongst seven neutral c loths. 

Trial 4 - Tuatara seats 

Tuatara seats were used to scent the target c loths in Trial 4 .  One scat-scented target c loth 

was randomly p laced amongst seven neutral c loths. 

Trial 5 - Tuatara skins 

Trial 5 required the dogs to detect target c loths that had been scented with a p iece of  

tuatara skin. One target c loth was positioned amongst seven neutral c loths.  
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Trial 6 - All three tuatara scents (paper towels, seats and skins) 

This tr ia l  was designed to be more d ifficult for the dogs, and invo lved a l l  three types o f  

tuatara scent. One type o f  tuatara scent was the dogs' target scent (on the target c loths ) ,  

and the other two types were i mpregnated on decoy c loths. Because the tuatara-scented 

paper towels may have contained more than just the scent of g landular secretions, tuatara­

scented paper towels were not used as a target scent in th is trial .  

The dogs were p laced randomly in  two groups: one searching for scat-scented target 

c loths, the other searching for sk in-scented target cloths. The dogs were sp lit into the 

groups by l ist ing them alphabet ical ly and assigning each of them a random number 

generated by the random number funct ion on a calculator. The dogs numbered 0-4 

comprised one group and the dogs numbered 5-9 comprised the second group. The two 

decoy cloths were scented with the two non-target tuatara scents. For instance, the dogs 

with seats as their target scent had to ident i fy the target cloth from amongst one decoy 

c loth scented with tuatara skin, another decoy c loth scented with paper towels and five 

neutral c loths. The c loths were arranged so that the decoy c loths were encountered along 

the l ine before the target cloth. The first three random numbers between two and eight 

generated by a ca lculator were se lected for the positions of the two decoy c loths and the 

target c loth. The decoy cloths were randomly assigned the first two of  the three posit ions, 

while the target c loth was ass igned the position furthest a long the l ine. This was done so 

the dogs had to smel l  the decoy c loths before the target cloth and there fore had to make a 

cho ice between several scented and neutral c loths. 

Trial 7 - Weathered tuatara seats 

Trial 7 was designed to be a practical test o f  the dogs' abi l it ies. Tuatara seats were left 

under young p lanted nat ive forest at Massey University, Palmerston North, for two weeks 

befo re being used to scent the target c loths ( Figure 3 . 7 ) .  This tria l provided seats in a 

weathered condit ion, such as cou ld be encountered by dogs in the fie ld .  The seats were 

contained in a small pouch made of p lastic netting ( mesh width 3 x 4 mm), so were 

exposed to moisture, u ltravio let l ight, w ind and animals ( F igure 3 . 8 ) .  Rainfa l l ,  
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Figure 3 . 7 :  The tuatara seats were placed in th i s  young planted native forest . Photo:  Clare Browne. 

Figure 3 . 8 :  Tuatara seats sitting in the forest (in the pouch on the right), with rain gauge and h igh/low 

thermometer. Photo: Clare Brownc. 
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temperature ( mini mum and maximum) and sunl ight hours were recorded dai ly during the 

period the seats were in the forest because o f the influence these factors could have on the 

strength of  the seats' scent . 

Decoy c loths were a lso prepared using so i l  and leaf l itter from the area immediately 

surrounding the spot where the seats had been p laced in the forest .  The dogs were 

required to ident i fy the one target c loth from among one decoy c loth and six neutral 

c loths. Again,  the c loths were organised within the line so that the dogs encountered the 

decoy c loth be fore the target c loth. 

3 . 2 .5 Statistic a l  analysis 

The number of possib le se lections the dogs could make in each scent excrc tse was 

considered to be equal to the total number of c loths they were presented w ith (e ight) .  [ f  

they were retrieving cloths at random, a success rate o f  1 2 . 5% (one in e ight) would be 

expected. Over nine repetitions o f thc same scent exerc ise ( i .e .  a standard trial) an average 

success of over 34.6% wou ld be stat istica l ly  sign ificant from chance ( 95% confidence 

interval, p = 0 .05 ) .  Over 1 2  exerc ises, an average success of 3 1 . 6% would be sign i ficant 

( 95% confidence interval, p = 0.05) .  

Differences between dogs 

The overa ll d i fference between the successes o f  ind ividual dogs was tested using chi­

square analysi . The analys is was performed inc luding the results of a l l  the dogs, and 

exc luding the results o f  Dogs 7 and 9. Percentages of success were calcu lated per trial per 

dog. 

No analysis  was done to invest igate potential differences between breeds of dog because 

the samples s izes  were too smal l .  

Differences between trials 

B inary logist ic regression was used to test for differences between the results o f  a l l  the 

trials. This was examined in two ways; the response variable in both a nalyses was the 

proportion o f  individual dogs' success. The first analys is  used 'dog' ( success or fai lure) 

as the response variable versus 'dog' and ' trial number' as the predictors . In this analysis 
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both of  the predictor variables were fitted as factors. Based on these resu lts, a second 

analysis was performed, in which the influence o f  the dogs was exc luded. 

Evidence of/earning 

B inary logistic regress ion was used to test for evidence o f  the dogs learning over the 

course of  the study. The proportion of  the ind ividual dogs' success was used as the 

response variable in a l l  analyses. 

The first analyses tested if  there was a di  ffcrcnce between the success o f  the dogs in 

Tria ls I and 2 as compared to their success in Tria l s  3-7 .  This was done in two ways. The 

first analysis used ' dog' ( success or fai lure )  as the response variab le versus ' dog' and 

'Trials I and 2 results compared to Tria ls 3 -7  resu lts' as the predictors; both of the 

predictor variables were also fitted as factors. In the second analysis, the dogs were 

removed tfom the model .  On the basis of the resu lts from these analyses, Trials I and 2 

resu lts were exc luded in further analysis for learni ng. 

Only two dogs ( numbers 2 and 3) did not compl ete some scent exercises in sequent ial 

date order (sec Appendix 2 for detai ls) .  However, Dog 2 was I 00% success fu l  throughout 

the study, and Dog 3 performed only six exercises out of order; these were considered 

negl igib le, so these data were not reorganised into date order for analys is .  To test for a 

l inear trend in Trials 3 -7 ,  wh ich would occur i f  the dogs were learning ( i . e .  their success 

increasing over t ime) ,  the success of the dogs across Trials 3-7 was examined. The 

ana lys is used 'dog' as the response variable versus 'dog' and 'Trials 3-7 resu lts' as the 

predictors. ' Dog' was the only predictor variable fitted as a factor. 

Failed scent exercises 

No statistical comparison was made between the reasons why dogs fai led scent exerc ises 

because the sampl e  s izes in each category of fai lu re were too smal l .  

M initab® Release 1 4  statistical  software was u sed  to perform the chi-squarc and b inary 

logist ic regression analyses. S ign i ticance was accepted in a l l  stat ist ical t ests when 

p < 0.05 .  
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3.3 Results 

The tria ls were carried out  between 3 December 2002 and 25 November 2003 (sec 

Appendix 2 for a t imetable ) .  The overal l  success of  the dogs at retrieving the target c loths 

differed for each tria l ;  for e xample, average success was greater in Trial 4 than Trial 5 

(Table 3 . 2 ) .  Variation in the performance o f  individua l dogs became apparent as the study 

progressed (Table 3 . 2 ) .  Four dogs (numbers 1 ,  6, 7 and 9) were withdrawn from the study 

at various stages either at their handler' s request or because of poor performance 

( Table 3 . 2 ) .  

The results in Table 3 . 2  show that the average success rates of  the dogs in the trials arc 

significant ly higher than would be expected by random selection of c loths ( random 

select ion = 34.6% for nine scent exerc ises;  3 1 . 6% for 1 2  exercises) (95% confidence 

interval, p = 0.05 ) .  

Table 3 . 2 :  The success o f  al l  dogs in the seven d i fferent scent tr ials a t  the Tararua All breeds Dog Train ing 

Cl ub. The dogs were required to ident ify a di fferent target scent in each trial .  The result arc calcul ated as 

the average percent correct. 

Trial I Tria l 2 Trial 3 Trial 4 Trial S Trial 6 Trial 7 

Dog U n fam i l i ar 
Tuatara 

Tuatara Tuatara 
All 3 

Weathered Average 
Handler 

people 
paper 

skins 
tuatara 

seats seats 
towels scents 

I 1 00 l OO 66. 7  77 .8  66 .7  8 2 . 2  
2 1 00 1 00 1 00 1 00 1 00 1 00 1 00 1 00 
3 1 00 1 00 83 .3  1 00 1 00 88 .9  77 .8  92 .9  
4 1 00 1 00 1 00 1 00 8 8 . 9  88 .9  88 .9  9 5 .2 
5 8 8 .9 77 .8  66. 7  1 00 8 8 . 9  88 .9  77 .8  84. 1 
6 l OO 1 00 4 1 . 7 88 .9  66 .7  55 .6  7 5 . 5  
7 88 .9  55 .6  72 .3  
8 1 00 88 . 9  75  88 .9  l OO 77 .8  1 00 90. 1 
9 88 .9 8 8 . 9  

Average 96.3 90. 3  76.2 93 .7 8 7 . 3  83 .4  88 .9  

- Dogs withdrawn from the study. 
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3 .3. 1 Diffe rences betwee n dogs, betwee n trials  a nd evidence of lear n i n g  

Differences between dogs 

M ost dogs showed some variat ion in their success across trials (Table 3 . 2 ) .  Three dogs 

( numbers 2, 3 and 4) had consistent ly high success rates throughout the study, while the 

success of the other dogs was less re liable and tended to vary between tria ls .  

The difference between the overall successes o f  individual dogs was statist ica l ly  

s ign ificant ( X1 = 32 .275 ,  O F  = 8, p = 0.000) .  In this analysis however, two expected cel l  

counts were lower than 5 ,  which may make the chi-squarc approximation unrel iable .  

These low ce l l  counts arc attributable to the resu lts of Dogs 7 and 9, which were 

withdrawn from the study a fter Trial 2 and Trial I ,  respect ively. When these dogs' results 

were excluded from analysis the di fference between the remain ing dogs' successes was 

stil l significant (X2 = 29 .280,  O F = 6,  p = 0.000). 

Differences between trials 

When the resu lts of al l  the t rials were compared, including the success o f  the indiv idual 

dogs, there was a stat ist ica l ly  s igni ficant di fference between the trials (G = 69 . 732 ,  O F = 

1 4, p = 0.000) .  The dogs'  success was inc luded in this first ana lysis because there was a 

s ignificant di fference between the successes of  individual dogs. This needed to be taken 

into account when comparing the trials to each other. However, the variation between 

dogs contributed to the sign i ficance of  the analysis, so the analysis was run a second t ime 

without including dogs . T here were s ignificant d ifferences between the resu lts of each 

trial (G = 1 9 . 656, OF = 6, p = 0.003 ) .  

Evidence of learning 

There was a statist ical ly s ignificant difference between the success o f  the dogs in Tria l s  1 

and 2, as compared to Tria l s  3-7 (G = 5 5 .436, OF = 9, p = 0.000) .  The average success o f  

the dogs was higher i n  Trials I and 2 .  A significant d i fference between the resu l ts  o f  
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Tria ls  1 and 2 as compared to the results of Trials 3-7 was st i l l  produced when the dogs 

were removed from the model (G = 7 .358 ,  OF = I ,  p = 0.007) .  

When the results of Tria ls 3-7 were examined for a l inear trend the overall  model was 

s ignificant, but this was due to the already-established sign ificant difference between the 

dogs.  The 'Trials 3-7 resu lts' variable was not s ignificant (p = 0.680) ,  indicat ing no 

evidence of the dogs learning over the course of  these trials. 

3.3.2 Trial  1 - H a ndlers ' scent  

The dogs were very successful in Trial I .  The target cloth was correctly ident ified in an 

average of 96 .3% of the scent exerc ises ; success rates for individual dogs ranged from 

88 .9% to I 00% (Tab le 3 . 3 ) .  

Table 3 . 3 :  Trial  I results. The target cloths were scented with the dogs' own handler's  cen t .  I indicates a 

success ful scent exerc ise, 0 indicates a fai l ed scent exerci se. 

Dog 

I 
2 
3 
4 
5 
6 
7 
8 
9 

Total 

Week I 
2 3 

Week 2 
4 5 6 

Week 3 
7 8 9 

Total Percent 
correct correct 

9 1 00 
9 1 00 
9 1 00 
9 1 00 
8 88 . 9  
9 1 00 
8 88 . 9  
9 1 00 
8 88 . 9  

78  96 .3  

Tria l I ran from 3 December 2002 unt i l  4 March 2003 ( the c lub suspended its regular 

c lasses from 1 8  December 2003 until 20 January 2003 ) .  Most of the dog handlers did not 

regu larly attend c lub training n ights during this trial and subsequent ly did not perform the 

scent exerc ises over three consecut ive weeks as planned. When a handler missed severa l 

c lub  nights and had a number o f  exercises to catch up on, some of the dogs would 

perform extra exercises on o ne n ight if  their handler thought it was within the dog ' s  

capabi l it ies. I n  such cases, the dogs would genera l ly do three exercises, have a break, and 

then comp lete t he remaining exercises. Dog 2 ' s  scent exercises 7 -9 were held on the same 

evening as its exercises 1 -3 for Trial 2. Dog 4 's handler did not attend club training for 
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one week, so in order to catch up on scent exercises, its final three exerc ises for Trial 1 

were held on an evening (other than c lub training night) at a local school near the 

handler ' s  house. Dog 9 was withdrawn from the study after the comp let ion o f  Trial I .  

Throughout Tria l I the weather was warm and settled. The evening when Dogs I ,  2,  3 ,  5 ,  

8 and 9 performed exercises 1 -3 and Dog 6 performed exercises 4-6 was quite windy. No 

rain or  windy conditions were experienced on any other evenings that the  exercises were 

held. 

3.3 .3 Trial  2 - U nfa mil iar peop l e ' s  scent 

The dogs achieved a high rate of success in Trial 2, with an average o f  90.3% correct 

cho ices, ranging from 55 .6% to I 00% for ind ividual dogs (Table 3 .4) .  

Table 3 .4 :  Trial 2 results. The target cloths were scented with un fami l iar people 's  scen t .  1 indicates a 

success ful scent exercise, 0 indicates a fai led scent exercise. 

Dog Week I Week 2 Week 3 Total Percent 
2 3 4 5 6 7 8 9 correct correct 

9 1 00 
2 9 1 00 
3 I 9 1 00 
4 I I 9 1 00 
5 0 0 7 77 . 8  
6 I I I I I 9 1 00 
7 0 0 0 0 5 5 5 . 6  
8 0 I I 8 88 . 9  

Total 8 8 7 6 7 6 8 8 7 65 90. 3  

Trial 2 began on  25 February and ran unt i l  I Apri l 2003 . Dog 2 ' s  handler started the trial 

one week late, and Dog 7 ' s  handler missed three weeks of club training n ights, causing 

the trial to run for an extended number of weeks. Dog 2 completed exerc ises 7-9 on the 

same n ight as it performed exercises 1 -3 o f  Trial 3. Dog 7 was withdrawn fro m  the study 

at the end of Trial 2 .  

Dog 8 deve loped a fungal infection during the second week of Trial 2 ,  and was treated 

w ith antibiot ic s  in week 3 . 

The evenings w hen the scent exerc ises were performed for this trial were dry and w ithout 

w ind. 
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3.3.4 Trial  3 - Tuata ra-sce nted paper towels 

The lowest average success of  the study (76.2%) was produced in Trial 3; success o f  

individual dogs ranged from 4 1 . 7% to l OO% (Table 3 . 5 ) .  

Table 3 . 5 :  Trial 3 results .  The target cloths were scented w ith tuatara-scentcd paper towels. l indicates a 

successful scent exercise, 0 i ndicates a fai led scent exerci se. 

Dog Week I Week 2 Week 3 Week 4 Total Percent 
2 3 4 5 6 7 8 9 1 0  l l  1 2  correct correct 

0 0 0 0 8 66.7 
2 1 I 1 2  1 00 
3 I 0 0 1 0  83 . 3  
4 I I I I 1 2  1 00 
5 0 0 I 0 0 I I I 8 66 . 7  
6 I 0 0 0 0 0 0 0 5 4 1 . 7 
8 0 0 I I 0 I I 9 75 

Total 5 7 4 6 4 3 5 6 5 6 7 6 64 76.2 

This trial ran from 1 8  March unt i l  I 0 June 2003 .  A new group of dog obedience c lasses 

started on the same evening as this tria l began .  The majority of the dogs appeared 

uncharacterist ical ly d istracted on the first night of the trial, tak ing very long times to 

complete the scent exerc ises and sniffing the surrounding ground extensively. This was 

attributed to the c lub grounds being heavi ly scented by unfamil iar dogs, so the trial was 

extended for an extra week in case any undue disturbance was re flected in the results. The 

hand lers of Dogs I and 5 were absent from club training n ights for a pro longed period o f  

t ime, result ing in the trial running for several weeks longer than anticipated. Dog 3 

completed exerc ises 7- 1 2  on the same evening. 

Dog 3 was on antibiot ics during week 2. Dog 8 was taking prednisone, a stero id 

med icat ion, for its continuing infection throughout the ent ire tria l .  

The weather continued to be consistent ly dry and calm on the evenings the scent exerc ises 

were held throughout Trial 3 .  
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3 .3.5  Trial 4 - T uatara se ats 

O f  a l l  the tuatara scents used in the study, the dogs were the most successful  at locat ing 

seats. The dogs se lected the correct cloth 93 .7% o f thc t ime, ranging from 7 7 . 8% to l OO% 

(Table 3 .6) . 

Table 3 .6 : Trial 4 results. The target cloths were scented with tuatara seats. 1 indicates a successful scent 

exercise, 0 indicates a fa i led scent exercise. 

Dog Week l Week 2 Week 3 Total Percent 
2 3 4 5 6 7 8 9 correct correct 

0 0 7 77 . 8  
2 I I 9 l OO 
3 9 1 00 
4 9 1 00 
5 l 9 l OO 
6 0 I 8 88 .9  
8 0 8 88 .9  

Total 6 6 6 6 7 7 7 7 7 59  93 . 7  

Tria l 4 started on 1 3  May and finished o n  29  August 2003 . B y  this stage there were 

several weeks o f  overlap between the start and finish dates of consecutive scent trials, due 

to some dog hand lers not attending club training nights on numerous occasions. Dog I 

and Dog 5 started Tria l 4 several weeks later than most of  the other dogs, so in order to 

catch up they both completed their final three exerc ises o f  the trial at Dog 5 's handler ' s  

house. Dog 2 carried out exerc ises 1 -6 a t  i t s  hand ler ' s  house . Dog 2 also performed 

exercises 7-9 o f Tria l 4 on the same even ing as exerc ises 1 -6 of Trial 5 .  

Dog I became pregnant a few days prior t o  starting Tria l  4 .  Dog 5 had m inor surgery i n  

between week 2 and week 3 o f  the tria l .  Dog 8 cont inued to take steroids for weeks I and 

2 o f  this tria l .  

The weather condit ions during Tria l 4 were s l ightly variable. On the evenings that Dogs I 

and 5 performed exercises l -6 and Dogs 4 and 8 performed exerc ises 7-9 ,  there was a 

s light breeze, and it had rained during the day and the ground remained very damp. A l l  

other n ights were calm and dry. 
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3.3.6 T ria l  5 - Tuatara s ki ns 

The dogs correctly se lected the tuatara skin-scented target c loths in 55  o f  63 exerc 1ses 

(87 .3%) ;  success rates of individual dogs ranged from 66.7% to 1 00% (Table 3 . 7 ) .  

Table 3 . 7 :  Trial 5 results. The target cloth s were scented with tuatara skins. 1 indicates a successful scent 

exercise, 0 in dicates a fai led scent exercise. 

Dog Week l Week 2 Week 3 Total Percent 
2 3 4 5 6 7 8 9 correct correct 

0 0 0 6 66 .7  
2 9 l OO 
3 I I 9 1 00 
4 I 0 8 8 8 .9 
5 I l 0 8 88 . 9  
6 0 0 0 6 66 .7  
8 9 l OO 

Total 7 7 6 6 4 5 7 6 7 55 87 . 3  

Trial 5 ran from 8 August unti l  1 4  October 2003 . Dog I ' s  success at the scent exercises 

was not iceably decreasing. Dog 2 completed the fi nal  three exerc ises o f this tria l two and 

a hal f  months a fter the other dogs had finished. This was due to its handler not attending 

c lub training sessions and the inconvenience o f  setting up Tria l 5 exercises whi le Trial 6 

was running ( the experimental protoco ls o f  these two trials were s l ightly di fferent ) .  Dog 2 

performed exerc ises 7-9 of  Trial 5 on the same evening as exercises 4-6 of  Tria l 7. Dog l 

was withdrawn from fi.1rthcr tria ls at the end of  this tria l .  

Dog 4 was on heat during the first two weeks o f  Trial 5 .  [ ts behaviour during this  t ime 

was s l ightly different : it appeared less focused on the scent exerc ises and was more eas i ly  

distracted. 

Week 2 of Trial 5 was the only damp evening of the trial, when it rained l ight ly.  The 

weather conditions during the rest of the trial were very cold, but dry and windless. 
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3 .3.7 Trial  6 - All  t hree t uatara scents (p aper towels, seats and ski ns)  

Although this  trial was designed to  be a more difficult tes t  of the  dogs' d iscriminatory 

abi l it ies, a very high overal l  average success of  83 .4% was achieved; individual dogs ' 

success ranged from 5 5 . 6% to 1 00% (Table 3 . 8) .  

O f  the nine fai led scent exerc ises in Trial 6 ,  five ( 55 .6% )  o f  them were due t o  the dogs 

retrieving the decoy c loths instead of the target c loths (Table 3 . 8 ) .  Dogs trying to locate 

scat-scented target c loths incorrectly retrieved skin-scented decoy cloths on two 

occasions. Dogs search ing for skin-scented target c loths retrieved scat-scented decoy 

c loths during two exercises, and both decoys ( scat- and paper towel-scented c loths) 

during another. During two additional fai led scent exerc ises, both the scat- and sk in­

scented decoy c loths were heavily mouthed by dogs, but not retrieved. 

Table 3 . 8 :  Trial  6 results. The target cloths were scented with e ither tuatara seats or skins .  I indicates a 

success ful scen t exercise, 0 ind i cates a fa iled scent exerci se. D indicates a fa i led scent exerc i se wh en a 

decoy cloth was retrieved i nstead o f  the target cloth. 

Dog Week I Week 2 Week 3 Total Percent 
2 3 4 5 6 7 8 9 correct correct 

2 I I 9 1 00 
3 0 1 8 88 .9  
4 D I 8 88 .9  
5 I I D 8 8 8 . 9  
6 D 0 0 D 5 5 5 . 6  
8 I D 0 7 77 . 8  

Total 3 5 6 6 4 5 6 6 4 45 83 .4 

The dogs searching for scat-scented target c loths ident i fied them in an average o f  8 8 .9% 

of the exerc ises, ranging from 77 .8% to 1 00% (Table 3 . 9 ) .  The dogs with skin-scented 

target c loths made an average of 77 .8% correct selec t ions, ranging from 55 .6% to 88 . 9% 

(Table 3 . 9 ) .  
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Table 3 .9 :  Trial 6 results, showing the two groups the dogs were spl it into. The target cloth s were scented 

with either tuatara seats or skins. The results arc calculated as the average percent correct. 

Dog Target scent 

Seats Skins 

2 1 00 
3 88 .9  
4 88 .9  
5 88 .9  
6 55 .6  
8 77 .8  

Average 88 .9  77 .8  

Trial 6 was held fro m  5 August unt i l  2 December 2003 . Al l  o f  the dogs began this trial on 

the same night and most finished within three consecut ive weeks. However, Dog 3 's  

handler was preparing for compet it ive scent work and took a break from the study for 

three months. Dog 3 finished exerc ises 4-9 on the same evening, three months after the 

other dogs had completed the tria l .  Dogs 2 and 5 completed exercises 4-9 of Trial 6 on 

one evening. Dog 6 was withdrawn from the study at the end o f Trial 6. 

Weather condit ions during Trial 6 were genera l ly dry with  l ittle w ind. The grounds were 

damp one evening (week 3 for Dogs 4, 5, 6 and 8 ) ,  and there was a slight breeze. 

3.3 .8  Trial  7 - Weathered tu atara seats 

The dogs had a h igh average succe ss of 88 .9% (ranging from 77 .8% to 1 00%) at finding 

tuatara seats that had been exposed for two weeks to natural condit ions in native forest 

(Table 3 . 1 0 ) .  

None of the  fai led scent exerc ises in  Trial 7 were the  result o f  the  dogs select ing the 

decoy c loths. 
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Table 3 . 1 0: Trial 7 results. The target cloths were scented with weathered tuatara seats. I indicates a 

successful scen t exercise, 0 indicates a failed scent exercise. 

Dog Week l Week 2 Week 3 Total Percent 
2 3 4 5 6 7 8 9 correct correct 

2 I I 9 l OO 
3 0 0 I 7 77 . 8  
4 1 I 0 8 88 . 9  
5 0 0 I 7 77 . 8  
8 1 9 1 00 

Total 5 6 6 5 5 6 5 6 5 40 88 . 9  

This final trial was held from 7 October unt i l  2 5  November 2003 . The  five remaining 

dogs al l  started and finished the trial with in a few weeks of  each other. Dog 2 performed 

exerc ises 4-6 on the same night as it comp leted the final three exerc ises for Trial 5 .  Dogs 

3 and 5 comp leted exerc ises 1 -6 on the same evening. 

On all of the evenings that Trial 7 was he ld the weather was dry and s l ightly windy. 

The average temperature that the seats were exposed to in the forest was 1 1 .6  °C, and 

ranged from 0-22 oc ( F igure 3 .9 ) . The average amount of rainfal l  rece ived in the spec i fic 

area where the seats were placed was 3 .6 mm, and ranged from 0-20. 5 mm for any given 

24 hour period (F igure 3 .9 ) .  

3.3.9 Fai led scent exercises 

There were a total of 56 fai led scent exercises across all seven trials ( Figure 3 . 1 0 ) .  In 29 

(5 1 .8%) fai led exerc ises, the dogs se lected wrong ( non-target ) c loths rather than not 

select ing any c loth at a l l, five ( 8 . 9%) o f  t hese were decoy c loth selec t ions. N ine ( 1 6 . 1 %)  

incorrect c loth selec t ions were due to  no selection being made, and the reasons for 1 8  

( 32 . 1 %)  fai led exerc ises were unknown ( Figure 3 . 1 0 ) .  Some dogs ( in part icular numbers 

3 and 6)  were more l ike ly to retrieve an incorrect c loth than return to their owner without 

a c loth. 
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F igure 3 . 9 :  The temperature range. amount o f  ra in fall  a n d  sun l ight hours the tuatara seats were exposed t o  

in  young planted nat i ve forest between :20 September a n d  1 8  October 2003. 

F igure 3 . 1 0: Causes of fai led scent exercises for each dog, across all  scent trials. n = total n umber of fai l ed 

exercises. 
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3.3. 1 0  D og behavi o u r  d uring scent exercises 

The observers recorded t he behaviour o f  the dogs during each scent exercise. The dogs 

commo nly exhibited a number o f behaviours, such as:  

• P icking up an incorrect cloth, dropping it immediate ly, then locat ing and 

retrieving the target c loth. 

• P icking up an incorrect c loth, cont inuing a lo ng the l ine carrying the c loth unt i l  

reaching the target c loth, dropping the incorrect c loth and retrieving the target 

c loth. 

• Retrieving the first c loth encountered. When commanded to find the target scent a 

second t ime, searching the who le l ine o f  c lo ths and retrieving the target c loth 

immediately. ( Because some dogs showed this behaviour o ften the target c loth 

was never posit ioned first in the line . )  

• Retrieving any c loth hast i ly ( not necessari ly the first one ) ,  apparently not sniffing 

or mak ing any real effort to locate the target c loth. 

• Continuing past the target c loth, although their body language suggested they 

recognised the scent , and retrieving an incorrect c loth. 

• Refusing to search along the l ine of  c loths, apparent ly uninterested in the task or 

being disobedient .  

• D istracted behaviour, such as urinat ion, defecat ion, attention directed at other 

dogs, people or noises, taking a very long t ime to perform the exerc ise. 

• Mouthing several cloths, sometimes al l  c loths, in the l ine .  

• Retrieving c loths and jars o f  c loths from other lines. 
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3 .4 Discussion 

The outstanding find ing o f  th is  research is  t hat dogs can detect tuatara (S. punctatus) 

scent. The dogs used in th is  study were trained to perform only very basic scent 

d iscriminat ion exercises and were not specifically trained to detect tuatara scent . 

H owever, they were able to ident ify various tuatara scents with h igh levels o f  success, 

inc luding the scent of  tuatara seats that had been exposed to the e lements in nat ive forest 

for two weeks .  The dogs were able to dist inguish tuatara scents from neutral scents and 

were also able to discriminate between severa l types o f tuatara scent .  

T here were aspects of  the methodology in th is study that may have affected the results 

and could potent ially be improved. I ndividual variation between dogs, the unavo idable  

influence of the handlers on the ir dogs and uncontrol lable  variables such as  the weather, 

may all have influenced the results to some extent. 

3 .4. 1 Limitations of t he methodology 

Each scent exerc ise was not strictly an independent event and this needs to be kept i n  

mind when interpret ing the resu lts of  statistical tests. The sample populat ion of dogs was 

not randomly selected whic h means the resu lts cannot necessari ly be extrapo lated to a l l  

dogs 

The tuatara samples were frozen and thawed prior to target and decoy c loth preparat ion 

and it was presumed the odoriferous compounds within the tuatara scents remained stab le .  

Although th i s  may not be  the  case, i t  was the only pract ical way to  store the samples .  

S imi lar studies have stored b io logical samples in the same way, wi th  seeming ly no e ffect 

( Hawk et al. , 1 984 ; Kiddy et al. , 1 984; H urt et al. , 2000; P icke1 et al. , 2004; She 1by et al. , 

2004; Wi l l is  et al. , 2004) .  H awk et al. ( 1 984) found that the abi l ity o f  dogs to detect mi lk  

from oestrus cows was not affected by repeated freezing and thawing of the mi lk samples .  

Reusing tuatara skin samples due to  the ir scarc ity may have affected resu lts. Certain 

p ieces may have had an inherently stronger scent depending on how many g lands they 

contained, and the more vo lati le chemicals within the sk in may have deteriorated over 

time with re-use. These fac tors may have contributed to the re lat ive ly low average 
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detection rate ach ieved in Trial 3 when skin was the target scent . A lso, the target c loths 

were somet imes damp during this tria l ,  which may have affected the dogs' w i l l ingness to 

retrieve the correct c loth. However, the dogs ' behaviour during this  trial did not suggest a 

re luctance to retrieve the target c loths (personal observation) .  

As the seats were exposed to mixed weather conditions in Trial 7 ,  the strength o f  the 

seats '  odour could have varied. Variat ion in odour could have been re flected in the results 

if some dogs were searching for target c loths that smelt disproportionate ly weak or 

strong. 

The practice of  drying the autoc lavcd cloths in sunl ight could have al lowed extraneous 

odours from the environment to contaminate the c loths. Groups of  c loths that were 

steril ised then dried together (and absorbed the same odours), were used for each trial (as 

target, decoy and neutral cloths) in an attempt to negate the effects of  this  by 

standardising the scent of the c loths. Overal l  this potent ial source of error was probably 

s light . 

Some degree of  observer bias may have been introduced since d ifferent observers were 

used throughout the study. Due to the length of the study period, having numerous 

observers, each for short periods of t ime, was the only way to ensure wi l l ing volunteers .  

Recording detailed descriptions o f  the dogs' behaviour during each scent exerc ise was 

designed to he lp counter any potential observer bias, and the retrieval was an easi ly 

recognisab le, unamb iguous indication that the dogs had made a c loth selection.  V ideo 

recording the scent exerc ises for later analys is by just one observer may have e l iminated 

any possible c lement of observer bias.  

Environmental fac tors such as temperature, rain fa l l  and wind were subj ect ively noted, but 

could have been quantitat ive ly measured to assess any possible impact they had on the 

dogs'  success.  

A trial test ing the dogs ' abil ity to discriminate between repti le species ( i . e .  tuatara, gecko 

and s k ink)  would have been of value, but was not feasib le  due to lack of t ime and l im ited 

suppl ies of rept i l e  scent samples.  Although not rigorously tested, three dogs trained to 

detect tuatara (Sphenodon spp. ) ,  geckos (Naultinus spp. and Hoplodactylus spp . )  and 
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skinks (Oligosoma spp. and Cyclodina spp . )  respec t ively, have shown the abil ity to 

successfu l ly d iscriminate between the three rept i les (see Appendix 1 for further 

information) .  

The tuatara samples used to  scent the  target and decoy cloths came from tuatara d iffering 

in sex and age ; however, the samples were o ften mixed or from animals  whose sex or age 

was unknown (sec Appendix 4 for detai ls ) .  Because o f  this, there were insuffic ient sample 

sizes to test the abi lity of  the dogs to discr iminate between either sex or age. 

Some comparable studies have inc luded tests where the target scent is absent ( H urt et al. , 

2000; Brooks et al. , 2003 ; Smith et al. , 2 003 ) .  A well-trained detection dog should not 

respond w ith  a ' fa lse pos it ive ' when the target scent is  absent. However, the point o f  this 

study was to ascertain whether dogs could detect a variety of  tuatara scents, and the tria ls 

were designed to test the dogs within the limits of  their training. Most of  the dogs had 

only basic scent discriminat ion training, and in their obedience scent work they arc never 

put in a s ituat ion where the target scent is absent. For these reasons, and because such a 

test was not planned at the start of  the study, a trial in which the target scent was absent 

was not held .  However, it would be a valuable exerc ise for a purpose-trained tuatara­

dctect ion dog .  

3.4.2 T he abi lity of  the dogs to d e tect tuatara scent 

The dogs used in this study were able to detect tuatara scent with high average rates of 

success, ranging from 76.2% for tuatara-sccntcd paper towels to 93 .7% for seats. Current 

visual  search methods arc ineffic ient and i l l-suited to the cryptic and burrowing habits o f  

tuatara (Casscy & Usshcr, 1 999) .  The need for a more practical  way t o  monitor tuatara 

populat ions has been ident ified in the tuatara recovery p lan (Gaze, 200 I ) . A lthough these 

results were achieved in an experimental s ituation and altematc sources of  scent were 

subst ituted for live tuatara, the impl ication of such high detection rates is that dogs may 

complement exist ing search methods or provide an a lternative means o f  locat ing tuatara. 

Tuatara do feed on mot ionless items, implying they use o lfact ion to locate them (Wal ls, 

1 98 1 ;  Cooper et al. , 200 I ) , and their pre dominantly nocturnal nature suggests their sense 
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of sme l l  could be reasonably wel l  developed, s imi lar to geckos (see Schwenk, 1 99 3 ) .  

However, there i s  scant additional l iterature o n  tuatara chemical commun icat ion, so i t  i s  

not  known i f  tuatara produce chemical s ignals  that could be explo ited by dogs. To date, 

there have been no other sc ient i fic studies assess ing the ability of dogs to detect tuatara. 

There is current ly on ly one dog in New Zealand being trained to detect l ive t uatara in the 

field (sec Appendix l for detai l s ) .  

3 .4.3 The dogs ' previous trai n i ng 

The dogs were not individual ly assessed for their suitab i l ity; although Tria ls l and 2 were 

designed to give a very bas ic indication o f thc dogs' apt itude at the most s imple of scent 

d iscriminat ion exerc ises, the dogs' performance in these trials were not reflective of the ir 

success in subsequent trials. The sample of  dogs was not randomly selected; t hey were a l l  

sourccd from a local dog obedience c lub, and chosen solely on the basis of  avai labi l ity. 

The resu lts show t hat some dogs cons istent ly ach ieved higher rates o f  success at the scent 

exercises than others, however the overa l l  average resu lts arc st i l l  very good. These 

findings imply that a purposely selected and tra ined dog could potentia l ly  detect tuatara 

w ith extremely h igh rates of success. 

Desp ite the fact  that the dogs were not trained to detect tuatara scent, they were able to do 

so very accurate ly .  Most of the dogs were trained to detect only human scent, speci fical ly, 

the ir own hand lers' odour. Three dogs had done some very l imited training using scent 

from a horse (Equus cabal/us) ,  bull (Bos taurus),  possum ( Trichosurus vulpecula), rabbit 

( Oryctolagus spp . )  and cockatoo ( Cacatua spp . ) .  The dogs' levels o f  experience ranged 

from years o f  competit ive scent work ( i .e .  Dogs 2, 3 and 6) ,  to being taught the protoco l 

o f  the scent exerc ises just before Tria l I began ( i .e .  Dogs l ,  5, 7 and 9 ) .  Time spent 

training for scent discriminat ion work prior to this study seemed to have l i t t le influence 

on the success rates of  the dogs. A lthough the dog that ach ieved the highest average 

success rate (Dog 2) did have the most experience, no relationship between training time 

and success was reflected in the other dogs . Dog 4, for examp le, had on ly s ix months o f  

scent training prior to this study, but achieved a much h igher average success rate than 

Dog 6, which had five years experience .  
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The dogs encountered tuatara scent for the first t ime in  Tria ls 3-7 .  Simi lar research has 

suggested that fami liarity with a scent achieves a higher  detect ion rate by dogs ( Schoon & 

De Bruin,  1 994; Kurz et al. , 1 996; Komar, 1 999; H urt et al. , 2000), yet most o f  the dogs 

in this study consistent ly ident ified the tuatara scents with average success rates 

s ignificant ly higher than random. However, there was a s ignificant difference between the 

results  of Trials I and 2, when human scent was used as the target scent, and Tria ls  3-7 ,  

when tuatara scents were used. Because of  th is  d i fference, the results o f  Trials I and 2 

were excluded when searching for evidence o f  the dogs learning (and thus improving 

their success rates) throughout the study. There was no evidence of the dogs learning over 

the course of the tuatara trials .  

The resu lts of this study compare favourably with other research that has assessed dogs ' 

abi l it ies to detect bio logical scents using simi lar methods (Table 3 . 1 1 ) . f n  a l l  other 

comparable studies, a se l ect group of dogs was either t rained prior to the study ( i . e .  po l ice 

dogs) or trained to detect a target scent spec ifica l ly for the project . Once the dogs were 

trained, their pro fic iency was evaluated. fn some stud ies, tra ining pers isted throughout the 

testing period (Settle et al. , 1 994; Brooks et al. , 2003 ; P icket et al. , 2004 ). This is in 

contrast to the dogs used in th is study; some of  dogs rece ived only rudimentary scent 

training prior to the study, and the target scent was completely novel to all dogs. 

Table 3 . 1 1 : Comparison of th is  study with other assessments of the abi l ity of dogs to detect bi ological 

scents .  Al l  studies tested the dogs in experimental situation s, us ing s imilar methods. 

Study umber o f  dogs Target scent Average success (%)  

This study 3-9 Tuatara 76.2-93.7  
Brooks et al. ,  2003 6 T ermites 95 . 9-96. 7 

H urt  et al. , 2000 3 Grizz ly bear scat 75 
Kerley, 2003 2 T iger scat 92 . 5  
Schoon, 1 996 8 H uman 3 1 -5 8  

Sett le et al. , 1 994 3-7 H uman 80-85 
S mith et al., 2003 4 Kit fox scat 67- 1 00 
W i l l i s  et al. , 2004 6 B ladder cancer 4 1  

Most studies evaluating detect ion-dog proficiency have smal l  samp le s izes (Table 3 . 1 1  ) ,  

main ly  because the training t ime and costs invo lved can be  considerable.  Accordingly, 

th is study used vo lunteers whose dogs a lready had some basic scent d iscrimination ski l l s .  

The trade-off from th is  cho ice, however, was the potential lack of suitabi l i ty o f  some 

subj ects. 
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3 .4.4 Detection of weathered tuatara seats 

The dogs were able to ident i fy t he scent of  seats placed in nat ive forest for two weeks in 

an average of 88 .9% o f  the scent exercises .  The coo l  temperatures and the amount of 

rainfal l  to which these seats were subjected arc probably not reflect ive of  the conditions 

tuatara seats wou ld general ly be  exposed to . At the t ime of year when the seats in th is 

study were p laced in the forest (early spring, September and October) tuatara natural ly 

produce no or very litt le faecal materia l ,  whereas tuatara consuming food during summer 

months wi l l  general ly de fecate within four days ( L .  Hazlcy, personal communication, 

2 003 ) .  The h igh rainfa l l  experienced during this t ime may have caused excessive 

deterioration of the seats used in this study. Ln the wi ld, warmer temperatures during 

summer months may also boo st bacterial act ivity within the seats, increasing the amount 

and dispersion o f  scent from the seats ( Was er et al. , 2004) . Dogs trained to detect seats 

in the field, working in summer months when tuatara arc most active, would therefore 

probably encounter seats that were fresher, that had less exposure to rainfal l  and 

temperature variation and that were producing more volat i le  chemicals. The finding that 

the dogs could very accurate ly ident i fy the deteriorated seats used in this study suggests 

t hat dogs could success fu l ly detect seats in the field. 

S evera l stud ies have shown that scat-detection dogs can readily locate endangered 

spec ies' seats (Hurt et al. , 2000; Kcrlcy, 2003 ; Smith et al. , 2003;  Wasscr et al. , 2004 ) .  

Dogs arc also used to discrim inate a target spec ies ' seats from non-target seats; and D A 

and hormones can be extracted from the seats dogs have found ( Hurt et al. , 2000; Wasser 

et al. , 2000; Smith & Rai ls, 200 1 ;  Smith et al. , 2003 ; Wasscr et al. , 2004) .  The cw 

Zealand Department of  Conservat ion has recognised that a s imple technique for surveying 

and monitoring tuatara is yet to be developed, and states "changes in habitat or potential  

changes in those factors most l ikely to cause a dec line (weeds, pests, rcvcgctat ion or 

modification owing to muttonbirding visits) arc easier to detect and manage than tuatara 

populat ions themse lves" (Gaze, 200 I ,  p. 1 8 ) .  Scat-detection dogs can a lso be useful  in  

determin ing the presence or absence of rare or  endangered spec ies outside their known 

range (Smith et al. , 2003) .  A ' moderate' priority has been assigned by DoC to the 

surveying of islands l ike ly to hold unknown rel ict  tuatara populat ions (Gaze, 200 1 ) . 

Although no work has yet been done on extracting DNA or hormones from tuatara seats, 
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it has been proposed several t imes by researchers as worth invest igat ing as a source o f  

mitochondrial DNA and other informat ion. Analysis o f tuatara seats found by dogs could 

potent ia l ly provide valuable informat ion gained in a much less invasive manner than 

tradit ional methods. Using tuatara scat-detection dogs could result in reduced disturbance 

to the tuatara, less habitat destruction and potent ially be a more e ffic ient method of data 

col lection than those methods currently used. 

3.4.5 Accurate scent disc ri mi n ation 

The dogs c learly showed that they were able to detect all three tuatara scents in Trial  3 ,  4 

and 5 .  H owever, in these trials the dogs were required to identify the target c loth from 

amongst seven neutral c loths, so it was possible that they were s imply se lecting the one 

cloth that had a di fferent scent to the other cloths. Decoy cloths were added in Trials 6 

and 7 w ith the a im o f  ensuring the dogs were spec i fical ly detect ing the target tuatara 

scent .  The high average success rates in Trials 6 and 7 (83 .4% and 88 .9% respect ively) 

showed the dogs were correctly d iscriminat ing between the scents .  

The incorrect se lec t ion of  decoy c loths in five ( 5 5 .6%) o f  the nine fai led scent exerc ises 

in Trial 6 indicates that although tuatara scents arc dist inguishable by dogs, the scents arc 

probably very s imi lar. It is extremely unlikely that any cross-contamination occurred 

between cloths leading to mis idcnt ification in the fai led exercises. Al l  tuatara samples and 

c loths were handled with c lean g lo ves during preparation; and although during the scent 

exerc ises only one pair of tongs was used at each line of c loths to hand le a l l  the c loths, 

any potential contaminat ion from the tongs wou ld have been neg ligible compared to the 

amount of  scent contained on each c loth. 

These results indicate that dogs can be trained to detect tuatara scents with a high degree 

o f spec ificity. I f  a dog was adequate ly trained to locate tuatara seats, for example, it could 

accurately ident i fy them and discr iminate between other tuatara scents, such as s loughed 

skins. 
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3.4.6 L i m itations of the dogs 

Some dogs performed significant ly better t han others, and certain indiv iduals c lear ly had 

more apt itude for scent discrimination work . For example, Dog 2 maintained I 00% 

success throughout the ent ire study, and Dogs 3 and 4 consistently achieved average 

success rates at a minimum of 77 .8%.  In contrast, Dog 6's performance fluctuated 

between 1 00% success in  Trials I and 2 and a low o f 4 1 . 7% in Trial 3 . Although most of  

the dogs were reasonably consistent, occas ional ly one dog' s  performance had a 

disproport ionate impact on the total average success in certain tria ls .  For instance, Dog 

6's  results were at least 20% lower than a l l  other dogs in Trials 3 and 6, which reduced 

the overa l l  average success in those tria l s  by over five percent. The results of the trials 

have been reported and discussed in terms of their total average success rates (poo ling al l  

the dogs' results) ,  however, these averages arc unl ikely to be part icularly useful for 

mak ing comparison between the scents.  Due to the inconsistenc ies between the dogs' 

performances and considering some dogs were withdrawn from the study at various 

stages, the average success for each trial is more of a measure o f  indiv idual dogs' 

performances than a measure of how difficult each scent is to detect by dogs. 

Throughout the study there were instances where dogs that were normally consistent ly 

successful  fai led severa l consecutive scent exerc ises. ln Trial 3 for example, Dog I fai led 

all three exerc ises in the th ird week and Dog 5 fai led two out of three exerc ises in the ftrst 

and second weeks ; bo th of these dogs passed almost every other exerc ise in this trial . 

Dogs performing repetit ive scent exerc ises can become bored, leading to a lowered 

success rate ( Kerley, 2003;  Smith et al. , 2003) .  The numbers o f  exercises on any night 

were l imited to three in an attempt to negate this possib i l ity, a l tho ugh some dogs did 

perform more than three when they had exerc ises to catch up with no obvious effects on 

the ir success.  Fai lures that appear to be linked may be due to a mult itude of reasons, 

including t he motivat ion of the dog and the mood of the handler. 

Physio logical  factors may explain other fai led scent exercises. Dur ing the study, Dog 

became pregnant; Dog 3 took antibiot ic s  for one week; Dog 4 came into heat, and its 

behaviour was noticeably different; Dog 6 had minor surgery; and Dog 8 had a fungal 

infection t hat lasted a lmost three months, requiring treatment w ith  antibiot ics for one 

week and steroid medication for six weeks of scent exerc ises. A lthough the performance 
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o f  Dogs I ,  3 and 6 did not conspicuous ly  change during this t ime, the success of  Dogs 4 

and 8 may have been affected. Dog 4 failed a scent exerc ise for the first t ime whi le on 

heat . The period in which Dog 8 was unwel l  corresponded with most of its fai lures. 

Steroids can increase the detect ion thresho lds o f  scents in dogs (Ezeh et al. , 1 992),  which 

may explain the decrease in Dog 8's success while unwel l  and tak ing stero id medicat ion. 

The individual variat ion shown between the dogs used in this study is noteworthy, 

because it i l lustrates the importance of select ing dogs with the correct temperament and 

aptitude for such work. 

3 .4.  7 H andler i nfl uences 

Some of the hand lers became emot iona l ly invo lved in the outcome o f  the scent exerc ises. 

They wanted their dogs to have high success rates, and were commonly d isappointed or 

became frustrated if  their dogs fai led to ident ify the target cloths. The mood and 

mot ivation o f thc handlers may have affected their dogs' performance. Settle et al. ( 1 994) 

noted the performance of most dogs in their human-scent discriminat ion tasks started to 

deteriorate as the handlers became emot ional ly  invo lved in  the outcome o f  the test ing. 

I nsufficient training, handler error and varying hand ler mot ivation arc commonly cited as 

reducing detect ion effic iency (T inda l l  & Lothridgc, 1 99 5 ;  Schoon, l 996; Komar, 1 999;  

Smith et al. , 2003 ; Wasscr et al. , 2004) .  

Using the c lub grounds as the test ing area, a l though convenient, was not  ideal from an 

experimental po int of view. Due to  the layout of the c lub grounds, handlers not act ively 

part icipat ing in a scent exerc ise were able to observe other dog and hand ler teams 

complet ing their exerc ises, so were able to sec the posit ion of the target c loth a long the 

l ine of cloths. The trials were, therefore, not strictly bl ind; if handlers knew the posit ion 

of the target c loth, there was potential for them to consciously or subconsciously 

influence the dogs' c loth se lection. This was minimised by the handlers being requested 

not to issue verbal commands that could indicate the location of the target c loth, and by 

the handlers ' posit ion in re lat ion to the line o f  c loths. Human social cues such as point ing 

gestures, body posit ion, head orientation and direction o f  gaze can assist dogs in problem 

solving s ituat ions (Hare & Tomasel lo ,  1 999 ;  Soprani et al. ,  200 I ;  2002;  V iranyi et al. , 
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2004) . Positioned directly in front o f  the c loths, which were arranged in  a straight l ine  

moving away from them, the handlers were not  able to  easi ly d irect the  dogs to  any 

particu lar c loth using inconspicuous physical cues that dogs may have recognised as 

direct ive signals, such as gaze or body posit ion. The dogs a lso worked independently o f  

their handlers, moving away from them as they walked a long the l ine o f  c loths, a lthough 

on occas ion dogs did make their c loth select ion as they returned a long the line towards 

the hand ler. Using a portable screen to shield non-participat ing handlers from observing 

the exercises could have prevented the handlers see ing the location of  the target c loths, 

thus enabling the tria l s  to be completely b l ind. 

When Dogs 3 ,  4, 5 and 6 fai led a scent exercise they were more likely to retrieve non­

target c loths than to return to their handler without a cloth. This tendency to retrieve, 

irrespect ive of accuracy, could be partly explained by the handlers rewarding the dogs 

when they correct ly completed the exerc ises. Hand lers would use either food rewards or 

p lay ( usual ly with the retrieved c loth) as a positive rein forcer, according to individua l 

preference. cgat ivc re in forcement (withho lding posit ive re inforcement ) or punishment 

( verbal reprimands) was app lied w hen a dog made an incorrect retrieva l .  When c loths 

were used as a re inforcer, some dogs may have been unable to separate the exercise from 

the reward, and perce ived the l ine o f  c loths as e ight potential rc in forccrs. This prob lem 

has been ident i fied in  a s imi lar study ( Schoon, 1 996) .  Most dogs arc highly mot ivated by 

soc ial interactions, and quickly learn to behave in certain ways to evoke a spec ific 

reaction from their handler (O'Farrcl l , 1 987 ) .  The dogs o ften seemed to haphazard ly 

retrieve any c loth, o ften the first c loth they encountered, in an effort to please the ir 

handler (persona l observat ion ) .  Another possible explanation for such frequent incorrect 

rctricvals by part icular dogs could be to evoke posit ive reinforcement or to avoid negative 

reinforcement or verbal punishment. 

Some handlers did not attend c lub training evenings every week and therefore did not 

comp lete each tria l  with their dogs over three successive weeks;  there were delays o f  up 

to several months before some tria l s  were completed ( see Appendix 2). This did not cause 

any noticeable i mpact on the dogs' success. Some studies have found interruptions have 

caused a decrease in the dogs' accuracy ( Settle et al. , 1 994; Kauhanen et al. , 2002) .  A 

tuatara-detection dog would probably only be used to search for tuatara during the 

warmer months o f  the year when the repti les are most active. Ma intaining regu lar training 
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t hroughout the year is standard practice; however, real ist ical ly there may be periods when 

training is not possib le (see A ppendix I for an example) . 

3 .4.8 U ncontrolled variab les 

There were many uncontrol lable variables that may have impacted on the dogs' success 

throughout the study. The d ispersal of scent part icles and the concentrat ion of odour arc 

strongly influenced by wind, moisture and temperature (Gutzwi l lcr, 1 990; H arvcy & 

H arvcy, 2003 ;  Lassctcr et al. , 2003 ; Wasscr et al. , 2004) .  The weather remained 

reasonably consistent throughout the study. The scent exerc ises were held on very few 

wet or very windy evenings, and there was no clear pattern between the dogs' success and 

the weather conditions. There were also continual distractions, such as other dogs and 

people. Tria l 3, for example, was extended for one week because a new group o f  dog 

obedience c lasses began on the same night and the dogs were extreme ly distracted by the  

scent of many new dogs. T here appeared to  be no detectable d ifference in the results 

however, so the tria ls were not extended on subsequent nights of  new c lasses. Many 

simi lar stud ies have used control led, indoor faci l i t ies in which to carry out  their test ing 

( Schoon & De Bruin, 1 994; Settle et al. , 1 994; Kcrlcy, 2003 ) .  

I n  summary, the resu lts show that dogs can re liably detect tuatara scent . This indicates 

that us ing dogs is a viable a lternat ive method of locating tuatara for conservat ion work . 
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CHAPTER 4 

THE ABILITY OF DOGS TO 

DETECT GECKO SCENT 

A Marlborough green gecko (Naultinus manukanus) on Stephens Island, New Zealand. 

Photo: Dr Paddy Ryan. 



4.1 Introduction 

New Zealand ' s  l izard fauna, with its unusual d ivers ity, is as equal ly significant as the 

tuatara (Towns et al. , 2 00 I ) . When compared to fauna in other temperate regions on a 

unit per area basis, the spec ies richness o f  l izards in  New Zealand is very high (Daughcrty 

et al. , 1 990b) . New Zealand has approximately 78 species of l izards, inc luding 32 

undescribed taxa, and two taxa arc bel ieved to  be extinct ( Hitchmough et al. , 2004) .  As 

wel l  as notable taxonomic divers ity, a l l  nat ive l izards arc endemic to ew Zealand 

( Oaughcrty et al. , 1 994) .  Lizards have tradit iona lly been considered relat ively recent 

arrivals in New Zealand (Towns et al. , 200 l and references there in) ,  however genet ic 

studies suggest that they have been evo lving in situ for at least 2 0  mi l l ion years and 

perhaps far longer ( Daughcrty et al. , 1 99 3 ) . 

Within the order squamata ( snakes and l izards) cw Zealand has two fami l ies of  l izards : 

gckkonidac (geckos) and scinc idac (skinks) . The gckkonidac fami ly consists of the genera 

Naultinus (nine species,  one of which is undcscribcd) and Hopfodactylus ( 3 1 spec ies, 2 1  

of  which arc undcscribcd and one bel ieved to be extinct ) ( H itchmough et al. , 2004 ) .  

Geckos arc one of the  most ecological ly  diverse components of  the  vertebrate fauna in 

New Zealand ( Chambers et al. , 200 I ) . They arc distributed throughout the North and 

South I s lands, a lthough some spec ies arc ma inly restricted to o ffshore islands ( Towns et 

al. , 1 98 5 ;  Gi l l  & Whitaker, 1 996) .  New Zealand geckos arc found in a wide range o f  

environments inhabit ing coastal vegetation and c l i ffs, farmland, gardens, scrub, forest and 

alpine areas (G i l l ,  1 986;  G il l  & Whitaker, 1 996) .  

4. 1 . 1  Gecko biol ogy 

Geckos can s lough the outer layers o f  their skin, e ither who le or  m p 1cccs (Gil l  & 

Whitaker, 1 996) .  The species of  gecko , ava i labi l i ty o f  food and t ime of year wi l l  affect 

the frequency of this shedding ( Robb, 1 980) .  Most geckos will s lough every s ix to eight 

weeks in summer, and less often or not at all during winter (Robb, 1 980) .  The eyel ids o f  

geckos are fused, and their eyes are covered b y  a n  immovable spectacle which they c lean 

with their tongue ( Robb, 1 980;  G i l l  & Whitaker, 1 996; P ianka & Y itt, 2003 ) .  The 

spectacle is  s loughed with the rest of the sk in and rep laced during each moult ( P ianka & 

Yitt, 2003) .  
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Almost a l l  spcc tes of  geckos have autotom is ing tai ls ( P ianka & V itt ,  2003) .  T he 

movement o f  the severed tai l  d istracts predators so the lizard can escape ( Pianka & V itt, 

2003 and references therein) . The toe pads on gecko feet are made up o f  mi l l ions o f very 

fine, hooked setae, which are designed to c ling to a lmost any substrate inc luding smooth 

and vertical surfaces (P ianka & V itt, 2003 ) .  In  contrast to most repti les,  geckos can 

vocalise ( Robb, 1 980) .  New Zea land geckos make a range o f noises, inc luding chattering, 

chirping and croaking sounds (Gi l l  & Whitaker, 1 996) . Several spec ies of nocturnal 

geckos, including Hoplodactylus spp. ,  remain act ive at very low temperatures, e.g. l l - 1 5  oc 

( Pianka & V itt ,  2003) .  New Zealand geckos arc be l ieved to be re lat ively long- lived; 

repeated surveys of a H. maculatus populat ion found individuals that were estimated to be 

at least 36 years o ld ( Bannock et al. , 1 999) .  

Male geckos can be ident i fied by a pair of swel l ings at  the base of their ta i ls  containing 

the hcmipcncs ( Robb, 1 980 ) .  Males a lso have an area o f  pre-anal pores anterior to the 

vent and femora l pores on the underside o f  the hind legs; although these pores can be 

present on female geckos, they arc l ess conspicuous and in smal ler numbers ( Robb, 

1 980). 

All New Zealand geckos arc viviparous (Crec, 1 994 ) .  Of the more than 800 species of 

gecko in the world, only cw Zealand geckos and at least one New Caledonian species 

give birth to l ive young ( Crec, 1 994; G i l l  & Whitaker, 1 996 ) .  New Zealand geckos 

normal ly give birth to twins, however, they have low annual rates of reproduct ion (Crcc, 

1 994; G i l l  & Whitakcr, 1 996) .  Relat ively few studies have been done, but severa l 

Naultinus and Hoplodactylus spec ies have annual reproductive outputs o f  up to two 

o ffspring per female per year, and spec ies in regions with lower seasonal temperatures 

have biennial reproduction, produc ing only 0 .85 young annual ly (Crec, 1 994 and 

references therein; Crec & Guil lctte, 1 99 5 ) .  This less-than-annual reproduct ion is not 

known in any gecko spec ies  outs ide New Zealand; many geckos in tropica l  and 

subtropical regions have several c lutches each year (Crcc, 1 994) .  

New Zealand geckos are o mnivorous. Their diet predominant ly consists o f  arthropods 

(part icularly insects and spiders), but they w i l l  feed seasonal ly on fruit and nectar (G i l l  & 

Whitaker, 1 996) .  Both Naultinus and Hoplodactylus spec ies have been observed feeding 

on the fruits and nectar from a variety of p lants, inc luding pohutukawa (Metrosideros 
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excelsa) , southern rata ( M. umbellata), ngaio ( Myoporum laetum), flax (Phormium tenax) ,  

hcbc (Hebe bollonsii) , cabbage tree ( Cordyline australis), mawhai (Sicyos australis) and 

manuka (Leptospermum scoparium) (Whitakcr, 1 98 7  and references there in ) .  Geckos 

could potentia l ly be i mportant as agents of seed d ispersal and pol l ination for some p lants 

as seeds arc often ingested whole and remain viable after passing through their gut and 

large amounts o f pol lcn arc often carried on the ir bodies (Whitakcr, 1 987 ;  Wotton, 2002) .  

Squamates have three wel l-deve loped chemical sensory systems, suggesting that chemical 

cues arc an important means of  communication to these rept i les (Schwcnk, 1 995 ; c ited in 

P ianka & Vitt, 200 3 ) .  They have a nasal o lfactory system, a gustatory system and a 

vomeronasal system ( Pianka & Vitt,  2003 ) .  Lizards pick up less-vo lat i le and non-airborne 

chemicals on their tongues and bring them into their mouth, passing them over the ducts 

leading to the o lfactory and vomeronasal systems ( Pianka & Vitt, 2003 ) . The chemica l  

sensory systems in  l izards enables them to  ident ify species, sex, sexual recept ivity, social 

status and individual identity (P ianka & Vitt ,  2003 ) .  

Chemoreception mediates many aspects o f  gecko behaviour, and o l fact ion i s  possibly 

more developed in gckkonids than in any other squamate (Schwcnk, 1 993 ) .  Although 

l itt le or no available research has looked spec i fica l ly  at the chemosensory abi l it ies of New 

Zealand geckos, there has been much work done on exotic spec ies. G lands within gecko 

skin, femoral pores and around the c loacal region produce phcromoncs used for chemical  

s igna l l ing (P ianka & V itt, 2003 ) .  Act ions such as chin-rubbing or wip ing c loacal regions 

on substratcs may deposit phcromoncs with the purpose of communicat ing with 

conspec i fics (Cooper & Stcclc, 1 997 ) .  Studies have found that by using chemosensory 

cues, various gecko spec ies arc able to recogn ise their own scent , discriminate conspec ific 

sex, detect food and d ist inguish prey odours (Schwenk, 1 993 ;  Carpenter & Duva l l, 1 995 ;  

D ial & Schwcnk, 1 996;  Cooper & Stecle, 1 997 ;  Downes & Adams, 200  I ;  Regalado, 

2003 ) .  Keen o l factory acuity i s  ideal ly suited to the predominant ly nocturnal nature o f  

most gecko species ( Sc hwenk, 1 99 3 ) .  

The natural predators o f  New Zealand geckos are other reptiles ( inc luding tuatara) and 

b irds such as the Australasian harrier, k ingfisher and red-bi l led gul l  (Larus 

novaehollandiae) ( Wa l ls, 1 98 1 ;  Towns & Daugherty, 1 994; East & Daugherty, 1 995 ) .  
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Naultinus 

Geckos in the genus Naultinus are diurnal unl ike most geckos (Gi l l  & Whitakcr, 1 996;  

P ianka & Y itt,  2003 ) .  A l l  species are green and they cannot a lter their sk in co lour ( G il l  & 

Whitakcr, 1 996) .  Their toes arc s lender, and they have long, tapering, prehensi le  ta i ls  with 

adhesive pads suited to grasping and c l imbing through fo liage ( Robb, 1 980;  G i l l  & 

Whitakcr, 1 996; P ianka & Y itt, 2003 ) .  

Scent of  t h e  Marlborough green gecko (N. manukanus ) was used i n  this study. These 

geckos are found only in the Marlborough region ( including offshore is lands) o f thc South 

I s land (G i l l  & Whitakcr, 1 996) .  Marlborough green geckos grow up to 68 mm SVL ,  and 

they rare ly shed their tails (Gi l l  & Whitakcr, 1 996) .  The spec ies is green with a pale 

under-surface, and the so les o f  their feet arc a yel low ish co lour ( Robb, 1 980) .  Their 

mouth is b lue-tinged, with a p ink tongue (Towns, 1 98 5 ;  G i l l  & Whitakcr, 1 996) .  They 

have enlarged scales on the dorsal surface of  their head, and scales that form an irregular 

dorso- lateral l ine (Towns, 1 985 ;  G il l ,  1 986) .  Marlborough green geckos arc arboreal 

l izards that live in forest and scrub, mainly in manuka and kanuka ( Kunzea ericoides) 

bushes, w here they forage for invertebrates (Robb, 1 980 ;  Gi l l  & Whitakcr, 1 996 ) .  The 

breeding season is between June and October, with l ive young produced the fo l lowing 

March or Apr i l  (Gi l l  & Whitakcr, 1 996) . 

H op/odactylus 

The spcc 1cs belonging to Hoplodactylus arc general ly  nocturnal, although some w i l l  

emerge during the day to sun bask ( Robb, 1 980; G i l l  & Whitakcr, 1 996) .  They arc grey­

brown, and their colourat ion can change in intensity (Gi l l  & Whitakcr, 1 996) .  Most 

Hoplodactylus geckos have wide toe pads to hold to smooth surfaces (G i l l  & Whitakcr, 

1 996) .  

Forest gecko (H. granulatus) scent was also used in this study. Forest geckos arc 

distributed throughout most parts o f  New Zealand, inc luding some large offshore is lands 

(Gi l l  & Whitakcr, 1 996) .  T hey reach up to 89 mm SYL,  and are described as one of the 

most vocal N ew Zealand gecko species ( Robb, 1 980; G i l l  & Whitakcr, 1 996) . Their body 

co lour is  variable, main ly in shades of grey and brown, with patches and patterns in b lack, 
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white and yel lowish colours ( Ro bb, 1 980;  G i l l  & Whitaker, 1 996) . They have d ist inctive 

white lines from their eyes to their ears (Gi l l  & Whitaker, 1 996) . The l in ing of the ir 

mouth is yel low or orange, and their tongue is yel low (Towns, 1 985 ;  G i l l  & Whitaker, 

1 996) .  The pads on their toes arc only s l ight ly widened, and the so les of their feet  are 

ye l low (Gi ll & Whitaker, 1 996) . Forest geckos are arboreal ,  l iv ing in forest and scrub up 

to alt itudes of l ,400 m (Gi l l  & Whitakcr, 1 996) . They forage in vegetation at night and 

unless basking in the sun, these geckos wi l l  seck cover in crevices or under loose bark on 

trees during the day (Gi l l, 1 986 ;  Gi l l  & Whitaker, 1 996) .  They give birth to the ir young 

fro m  December to March (Gi l l  & Whitakcr, 1 996) .  

4 . 1 . 2  Curre n t  status of geckos in New Ze aland 

There is no indicat ion of  restrict ions to gecko distribution prior to human arrival in New 

Zealand (Towns & Daughcrty, 1 994 ) .  Since that time however, two species o f  gecko have 

d isappeared from the North I s land (Towns & Daughcrty, 1 994 ) .  Using standard I UCN 

criteria, Daughcrty et al. ( 1 994) assessed the distribut ion and status of  known N ew 

Zealand l izard spec ies. They described 32% o f  gecko species as rare and 32% as being 

large ly con fined to offshore is lands (a l l  species were within the Hoplodactylus genus) . 

L izards on ly became protected under the Wi ld l ife Act of  1 98 1  ( Daughcrty et al. , 1 994 ) .  

Hab itat modification and introduced mammals arc c ited as  responsible for the now­

ffagmcnted and restricted d istribut ion of many reptiles, inc luding geckos ( Towns et al. , 

1 98 5 ;  Daughcrty et al. , 1 994; Towns & Daughcrty, 1 994) . either terrestria l nor arboreal 

species of gecko arc safe fro m  introduced predators such as ship rats and mustc lids 

( Mustela spp . )  (Towns & Daughcrty, 1 994) . 

Thirty-four species o f  gecko arc listed as threatened in the New Zealand T hreat 

C lassi fication System l ists, n ine  within Naultinus and 25 within Hoplodactylus. This 

system describes s ix Naultinus spec ies as being in 'gradual decl ine ' and three as ' sparse '  

( H itchmough, 2002 ) .  Three species o f  Hoplodactylus are ' nat ional ly crit ical '  (with on ly  

one known populat ion for each) ,  four arc in 'gradual dec l ine ' ,  e ight are ' sparse' ,  s ix arc 

' range restricted' and four species arc 'data deficient ' ( H itchmough, 2002) .  Marlborough 

green geckos arc one of the species described as sparse and forest geckos are not 

t hreatened. 
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4 . 1 .3 M anagement of geckos 

The Department of Conservation has not produced recovery plans for any New Zealand 

geckos, although they are currently working towards draft ing a p lan that wi l l  cover a l l  

threatened gecko species. The recovery p lan wi l l  ident ify specific management goals and 

ways to achieve them, meanwhile the Wi ldl ife Act ( 1 98 1 )  cont inues to legis late for the 

protection o f  geckos. 

Current methods of  surveying and catching geckos inc lude observations from fixed po ints 

or along transccts during the day and night (using spotl ights) ;  searching within crevices, 

retreats, under logs and in vegetation, capturing them by hand; and pit fal l  trapp ing ( Wal ls, 

I 983 ; Whitakcr, I 987; Thompson et al. , I 992; East & Daughcrty, 1 995;  Wotton, 2002 ; 

Wi lson & Crcc, 2003 ) .  Many species o f  gecko arc cryptic and wel l  camouflaged in  their 

habitats and can therefore be difficu lt to ident i fy ( Robb, 1 980) .  Visua l methods of 

searching may fail  to locate many members of a gecko populat ion, e ither due to difficulty 

dist ingu ish ing them fro m  their immediate environment, or if  they arc h idden from s ight in 

inaccessible places. 

Using dogs trained to locate geckos may complement the exist ing visua l search 

tcclmiqucs.  Due to the relat ively smal l  s ize of geckos, dogs may only be useful  in locat ing 

them in a l imited capacity. However, the propensity of geckos to defecate in and near 

the ir retreats (Whitakcr, 1 987 )  may increase their scent in these areas. The extensive 

nature o f  gecko chemical communicat ion may also aid dogs, part icularly if cw Zealand 

geckos deposit phcromoncs on substratcs within their home ranges as has been 

documented for exotic spec ies (Cooper & Stcc lc, 1 997 ) .  Dogs have a powerful sense o f  

sme l l  and may be able to exploit the chemical s ignals  produced b y  geckos .  Employing a 

dog trained to detect geckos could potentia l ly lead to more e ffic ient methods o f  surveying 

gecko populat ions. 

Gecko-detection dogs have the potential to contribute to the conservat ion o f Ncw Zealand 

gecko spec ies. This study will examine whether dogs can detect gecko scent in a range o f  

c ircumstances .  
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4.2 Methods 

This study fo l lowed the methods outl ined in  Chapter 3 (section 3 .2 ) ,  with two 

dist inctions. F irst ly, a group of dogs from a d ifferent local dog-train ing c lub was used. 

Secondly, the target scent in Tria ls 1 and 2 was again  human scent, but was gecko 

( Mar! borough green gecko and forest gecko) scent in Trials 3-7 .  

4.2 . 1  Dogs 

The dogs used in this study were sourced from the Fei lding Dog Tra ining C lub. Members 

of this club tra in their dogs for both competit ive obedience and agi l ity work, so their dogs 

arc commonly tra ined to perform scent discrimination exercises. 

Th irteen dogs took part in this research ( Table 4 . 1 ). Two of these dogs (numbers 4 and 8 )  

were also members of  the TADTC, and completed trials at both c lubs ( Tables 3 . 1 and 

4. I ) . The dogs were a mixture of breed, sex and age, and varied in their level o f  training 

prior to th is study. Most of the dogs were at the novice or test A leve l  of  obedience 

training (as de fined in New Zealand Kennel Club ( f nc . ) ,  2005) .  None of the dogs was 

tra ined exclusively for scent discriminat ion work . 

74 



Table 4 . 1 :  The dogs that part ic ipated in this study from the Feilding Dog Training C l ub.  The dogs received 

various l evels of obedience and agi l ity training, including scent d iscrimination training, prior to this study. 

Dog Breed Sex 
Age Leve l o f  Scent training Scents used in 

(years) Training 
• 

prior to study prior tra in ing 

4a German shepherd B itch 2 .5  Novice 6 months H uman 

8a 
German shepherd I Spayed 

6 Novice 8 months H uman 
S taffordshire terrier x B itch 

1 0  
Border coll ie I Neutered 

3 3 weeks H uman 
Smithtield x Dog 

OVICe 

1 1  
English springer Spayed 

6 OVICe 2 months H uman 
span iel B itch 

1 2p F lat-coated retriever 
Spayed 

7 Test A 3 years H uman 
B itch 

I Y Golden retriever 
Spayed 

6 Test A I year H u man 
B itch 

1 4  German shepherd 
Spayed 

9 Test B 2 years H uman 
B itch 

1 5  
Border coll ie I 

Dog 1 . 5 Novice 6 months Human 
S iberian husky x 

1 6Z F lat-coated retriever 
Spayed 

3 . 5  Novice 6 weeks Human 
B itch 

I 7'5 American 
Dog 6.5 Test  A I year H uman 

Staffordshire terrier 

1 8p F lat-coated retriever 
eutered 

3 Test A 2 years Human 
Dog 

1 9  German shepherd Dog 5 Test A 2 months H uman 

208 Boxer 
eutered 

3 . 5  
Special 

6 months Human 
Dog Beg inners 

* The l evel of obedience train ing the dogs received prior to the start of this study. The New Zealand Kennel 

C l ub categories include 'special beginners' ,  'novice' ,  ' test A ' , ' test B' and ' test C', in order of i ncreasing 

competence. 

" P x 0 The same handler owned both of these dogs. 

4 .2 .2  Study location 

Most o f  the trials were held at the c lub train ing grounds located in Feilding, I I km north 

of Palmerston North, New Zealand. The c lub grounds were a large grassed area 54.4 x 
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5 5 . 5  m, enc losed by 2 .5  m h igh hedging ( Figure 4. 1 ) . F loodlights were used to l ight the 

area during winter. 

The scent exercises were run on the same evenings as the c lub met for training, one night 

per week .  They were held under normal training and working conditions for the dogs and 

handlers, after the general obedience c lasses had finished. Approximately 30 dogs were 

trained at the c lub in a range of obedience classes each week before the exerc ises 

commenced. I f  handlers were absent from club meet ings, the missed scent exerc ises were 

he ld e lsewhere at the handlers ' convenience. 

4 .2 .3 Experimental p rotocol 

For details of how the equipment was prepared sec Chapter 3 ( sect ion 3 . 2 . 3 ) .  However, 

for these tria ls the target and decoy c loths were prepared with one of three sources o f  

Marlborough green gecko o r  forest gecko scent : seats, s loughed sk ins, o r  paper towels 

that captive gecko had been sitt ing on for several days with in their enc losures ( the paper 

towels may a lso have contained the scent of seats and skins )  (F igure 4 .2 ) .  Gecko samples 

were received !Tom Victoria University o f  Wel l ington, Well ington; Otorohanga Kiwi 

House and Nat ive B ird Park, Otorohanga; and private breeders Roger and Barbara 

Watk ins and Heather Barton, ew P lymouth. Al l  of the Marlborough green gecko 

samples came !Tom Victoria U niversity of Wel l ington. The Watk ins supp l ied the majority 

of the forest gecko samples, and so that samples from the same gecko populat ion ( w ith 

the same diet  and environment) were used for each dog, only samp les from these breeders 

were used (sec Appendix 5 for detai ls  of the samp les used in this study) .  

The average length o f  the  M arlborough green gecko scat samples was 0 .95 cm, the  sk ins  

were cut in hal f  longitudinal ly and were an average length of  1 4 . 1  cm and the paper 

towels were 23 x 23 cm. Due to l imited resources, the M arlborough green gecko skins 

were re-used at least three t imes.  The forest gecko seats were an average length of  1 . 2 cm. 

The scent exercises fo l lowed the protocol explained in Chapter 3 ( sec section 3 . 2 . 3 ) .  The 

handlers posit ioned their dogs facing away from the l ine o f  cloths, whi le one of  a pa ir o f  

target c loths was placed in the l ine ( F igure 4 . 3 ) .  The second target c loth was given to the 

dog to sme l l ,  and the dog was required to sni ff a long the l ine (Figure 4.4) and retrieve the 

target c loth ( F igure 4 .5 ) .  
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F i gure 4. 1 :  Fei lding Dog Training C l ub grounds. Photo: C lare Brovvne.  

Figure 4.2: Examples of the gecko samples used to scent target and decoy c l oths. A Marlborough green 

gecko-scented paper towel ( folded) is on the upper left, h al f  of a Marlborough green gecko skin is along the 

bottom, a Marlborough green gecko scat is  on the upper right, and a forest gecko scat is  on the lower right. 

Photo: C lare Browne. 
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Figure 4 . 3 :  Dog 1 2  and its handler facing away from the l ine  of cloths wh ile one of a pair of target cloths is  

placed in the l ine.  Photo: Louisc June. 

Figure 4.4: Dog 4 sn i ffi n g  along the line of c l oths, 

searching for the target c l oth . Photo: Louise June.  

Figure 4 .5 :  Dog 15 retrieving the target cloth. 

Photo: Louise June. 
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4 .2 .4  E xperim e ntal  des i g ns 

Seven scent tria l s  were held at the club, each w ith a different target scent the dogs were 

required to ident i fy. Each trial consisted o f  n ine repl icate scent exercises, and was 

intended to run over three consecut ive weeks .  Marlborough green gecko scent was used 

in five trials and forest gecko scent was used in one. 

The dogs were randomly split into two or three groups in some tria ls  as described 111 

Chapter 3 ( section 3 .2 .4) .  

Trial 1 - Handlers ' scent 

The target c loths were scented with the dogs ' handler ' s  scent . One o f  these target c loths 

was randomly p laced amongst seven neutral c lo ths. 

This trial was run for only one week because based on prevwus expenence at the 

T ADTC, this was suffic ient to give an indicat ion of each dogs ' abi l ity at th is most bas ic 

o f  levels .  

Trial 2 - Unfamiliar people 's scent 

People from M assey Univers ity, Palmerston North, who were unfami l iar to the dogs 

scented the target c loths in Trial 2. The dogs had to ident i fy the target c loth fi"om amongst 

seven neutral c loths .  

Tria/ 3 - Mar/borough green gecko-scented paper towels, seats or skins 

The dogs were sp lit into three groups, each searching for different ly scented target c loths. 

One group ' s  targets c loths were prepared with Marlborough green gecko-scented paper 

towels, one with Marlborough green gecko seats and one with Marlborough green gecko 

skins. The dogs were required to locate one target c loth from amongst seven neutra l  

c loths. 
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Tria/ 4 - Mar/borough green gecko seats or skins 

The dogs were spl i t  into two groups for Trial 4. The dogs that had been searching for 

target c loths scented with Marlborough green gecko seats in Trial 3 were now search ing  

for target c loths scented with Marlborough green gecko skins, and vice versa. The dogs 

that had paper towel-scented target c loths in Tria l 3 were randomly spl it between the two 

new groups in Tria l 4 .  One target c loth was p laced amongst seven neutral c loths. 

Trial 5 - All three Mar/borough green gecko scents (paper towels, seats and skins) 

This trial invo lved a l l  t hree types o f  Marlborough green gecko scent . One type of gecko 

scent was the dogs' target scent ( on the target cloths) ,  and the other two scented decoy 

cloths. The dogs were split into two groups :  one with scat-scented target c loths and the 

other with sk in-scented target cloths. The two decoy cloths were scented w ith the two 

non-target gecko scents. For examp le, the dogs with scat-scented target c loths had to 

ident i fy the target cloth from amongst one skin-scented decoy c loth, a paper towel­

scented decoy cloth and five neutra l c loths. Gecko-scented paper towels were not used as 

a target scent in this trial .  The l ine of c loths was ordered so that the dogs encountered the 

decoy cloths before the target c loths ( sec Chapter 3, section 3 . 2 .4) .  

Trial 6 - Two gecko species ' seats 

I n  Trial 6 the dogs were required to discriminate between the seats o f  two different 

spec ies :  Marlborough green gecko and forest gecko. The dogs were split into two groups, 

one searching for M arlborough green gecko scat-scented target cloths and the other 

searching for forest gecko scat-scented target cloths. One decoy c loth was prepared for 

each group, scented with the seats of the non-target gecko species. The dogs were 

requ ired to identify the target cloth from among one decoy cloth and six neutral  c loths. 

The target c loth was p laced further a long the l ine  than the decoy c loth.  

Trial 7 - Weathered Mar/borough green gecko seats 

Marlborough green gecko seats were p laced in young planted nat ive forest for two weeks 

before being used to scent the target cloths (see Chapter 3, sect ion 3 .2 .4) .  The dogs were 
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spl i t  into two groups. The first group's target scent was seats that had been comp lete ly  

exposed in the forest; the second group's  target scent was seats that had been covered by  

a p lastic container and protected from rainfa l l  ( F igure 4 .6) .  

D ecoy cloths were also used i n  Tria l  7 .  They were prepared using so i l  and leaf l it ter fro m  

t h e  ground immediately surrounding the area where the seats had been p laced in  the 

forest. One target c loth was posit ioned amongst one decoy c loth and six neutral c loths. 

The c loths were arranged so that the decoy c loth was encountered a long the l ine before 

the target c loth.  

4 . 2 .5 Statistical  analysis 

ff  the dogs were randomly select ing c loths, a success rate of one in e ight or 1 2 . 5% would 

be expected ( sec Chapter 3 ,  section 3 . 2 . 5 ) .  An average success o f  over 34 .6% over nine 

repetit ions of  the same scent exerc ise ( i .e .  a standard tria l)  would be statistica l ly  

s igni ficant from chance ( 95% confidence interva l, p = 0 . 05 ) .  Over I 0 exerc ises, an  

average success of over 3 3 .4% would be  signi ficant ; over 1 1  exerc ises, an average 

success of over 32 .4% would be signi ficant; and an average success of 3 1 .6% would 

s igni ficant across 1 2  exerc ises ( 95% con fidence interval, p = 0.05 ) .  

Differences between dogs 

C hi-squarc analysis was used to test for overa l l  di fferences  between the successes o f  a l l  o f  

the dogs . Percentages o f  success were calcu lated per trial per dog. 

No statist ica l  companson was made between the d i fferent  breeds of dog because the 

sample sizes in each breed were too smal l .  

Differences between trials 

D ifferences between the resu lts of  a l l  trials were tested for using binary logist ic regression 

( see Chapter 3 ,  section 3 . 2 . 5 ) .  The proport ion of  the individual dogs' success was used as 

the response variable in a l l  analyses. The init ia l  analysis used 'dog' ( success or fai lure) as 
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Figure 4 .6: Gecko seats sitt ing in the forest ( i n  the two pouches on the left),  w i th rain gauge and h i gh/low 

thermometer. One pouch is covered by a p lastic container to protect it from direct rain fal l .  
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the response variable versus 'dog' and ' trial  number' as the predictors, and both predictor 

variables were fitted as factors. On the basis of these results, a second analysis was run in 

which the influence of the dogs was removed. 

Evidence of/earning 

B inary logist ic regression was used to examine whether there was evidence o f  the dogs 

learning across the tria ls  ( sec Chapter 3, section 3 . 2 . 5 ) .  The response variable in a l l  

analyses was  the proport ion of  individual dogs ' success. 

The init ial  analyses compared the success of the dogs in Trials I and 2 to  their success in 

Tria ls 3-7 .  The first ana lysis used 'dog'  ( success or fa i lure) as the response variable 

versus 'dog'  and 'Trials I and 2 results compared to Trials 3-7 resu lts'  as predictors, and 

both predictor variables were fitted as factors. I n  the second ana lysis the dogs were 

exc luded from the mode l .  Based on the resu lts from these analyses, the resu lts from Trials 

I and 2 were removed from further analysis for learning. 

Three dogs ( numbers 1 1 , 1 5  and 20) did not perform some scent exerc ises in sequential 

date-order ( sec Appendix 3 ) . However, each dog only completed three exerc ises out of 

order, so these were considered to be neg l igible and these data were not rearranged into 

date order for this analysis .  The success o f  the dogs across Tria ls 3-7  was examined for a 

l inear trend. The analysis used 'dog ' as the response variable versus 'dog'  and 'Trials 3 -7  

results ' as the predictors; only 'dog' was fit ted as  a factor. 

Failed scent exercises 

The reasons the dogs fai led scent exerc ises were not compared statistically because the 

sample s izes were too smal l .  

The chi-square and binary logist ic regress ion analyses were performed using M in itab® 

Release 1 4  statistical so ftwarc. I n  a l l  statist ical tests, s ignificance was accepted when 

p < 0.05.  
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4.3 Results 

Trials at the Fci lding Dog Training Club ran from 3 1  March unt i l  29 October 2003 (sec 

Appendix 3 for a t imetab le) . The total average success for each of the trials varied, as did 

the performance o f  individual dogs (Table 4 .2 ) . Four dogs (numbers I 0, 1 4 , 1 6  and 1 8) 

were w ithdrawn from the research due to either consistently poor performances or at their 

handler ' s  d iscret ion. 

Most o f the dogs' average success rates in the tria ls  arc significant ly higher than would be 

expected if they were randomly retrieving c loths (random select ion = 34 .6% for nine 

scent exercises, 3 3 . 4% for I 0 exercises, 32 .4% for 1 1  exerc ises and 3 1 . 6% for 1 2  

exerc ises) ( 95% con fidence interva l, p = 0.05 ) (Table 4 .2 ) .  

Table 4 . 2 :  Th e success o f  a l l  dogs i n  the seven different scent trials a t  the Fci lding Dog Training Cl ub. The 

dogs were required to ident ify a di fferen t target scent in each trial .  Th e resu lts arc calculated as the average 

perecn t correct .  

Trial I 
Dog 

Handler 

4 1 oo · 

8 1 oo · 

1 0  1 00 
1 1  66 . 7  
1 2  1 00 
1 3  1 00 

1 4  1 00 
1 5  66.7 
1 6  1 00 
1 7  1 00 

1 8  1 00 
1 9  1 00 

20 1 00 

Average 94. 9  

Trial 2 Tria l 3 Trial 4 Tria l 5 Trial 6 Tria l 7 

U " . 1 .  Paper 
S n tamt tar 1 cats or 1 towc s, seats 

skins peop e 
or skins 

t oo· 

88 .9
* 

44.4 
77 .8  
1 00 

77 .8  
66 .7  
88 .9  
44.4 
77 .8  
66.7 
1 00 

88 .9  

78 .6  

88 .9  
44.4 
3 3 . 3  
77 .8  
66.7 
66.7 

44.4 
33 . 3  
77 .8  

77 .8  
66.7  

6 1 . 6 

1 00 
1 00 

88 .9  
66 . 7  
5 5 . 6  

66 .7  

1 00 

7 7 . 8  
88 . 9  

82 . 7  

A l l  3 gecko 
Two gcc�o 

Weathered Average 

scen ts 
spcc tcs 

seats 

88 .9  
88 .9  

77 .8  
55 .6  
77 .8  

88 .9 

77 .8 

77 .8 
1 00 

8 1 .5 

seats 

8 1 . 8 
63 .6 

60 
9 1 . 7 
30 

54 .5  

72 .7  

1 00 
90.9 

7 1 . 7 

66 .7  
77 .8  

44.4 
5 5 . 6  

7 7 . 8  

8 8 . 9  

77 . 8  
5 5 . 6  

68 . 1 

89 . 5 
80 .5  
59 .2  
70.5 
76.6 
68.0 
83 .4 
69 . 7  
59 .2  
85  

83 .4 
87 . 3  
84.4 

- Dogs withdrawn from the study. 

* These data arc from Trial 1 and 2 performed at the Tararua A l l  breeds Dog Training Cl ub, prior to trials at 

the Fci lding Dog Train ing Club commencing. 
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4.3. 1 Differences between dogs, between trials a nd evide nce of l ea r n i n g  

Differences between dogs 

The average success o f  most dogs varied across the tr ia ls ,  although three dogs (numbers 

4, 1 7  and 1 9) achieved consistent ly high rates of success throughout the study (Table 4 .2 ) .  

The d ifference between the  overall successes of  individual dogs was statist ical ly 

s ignificant (x" = 38 .984, DF = 1 2 , p = 0 .000). 

Differences between trials 

When the results of a l l  the trials were compared, tak ing into account the success of  

indiv idual dogs, there were signi ficant di fferences between trials (G = 75 .4 1 3 , D F  = 1 8, 

p = 0.000 ) .  H owever, the d i fference between the dogs ' success could have accounted for 

the s ignificance o f this mode l, so the analysis was performed a second t ime, excluding the 

in fluence o f  the dogs. There was a signi ficant difference between the results o f  each trial 

(G = 32 .744, OF = 6, p = 0 .000) .  

Evidence of learning 

The success of  the dogs in Trials I and 2 was s igni ficantly di fferent to their success in 

Tria ls 3-7 (G = 56 .735 ,  DF = 1 3 , p = 0 .000) . When t he dogs' success was removed from 

the mode l ,  there was st i l l  a significant d ifference between the resu lts o f Tria ls l and 2 as 

compared to the results o f Tria ls 3-7 (G = 8.5 1 9, OF = I , p = 0.004) . 

The model analysing Tr ials 3-7 for a l inear trend was s ign i ficant, a lthough this 

s ignificance was due to the s ignificant difference between the successes of the dogs. The 

'Trials 3 -7 results '  variable was not s ignificant (p = 0.3 8 1 ) , indicating that there was no 

evidence of the dogs learni ng across these trials .  
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4 .3 .2  Trial  1 - Handlers'  scent 

The dogs achieved a h igh average success of 94.9% at  finding the ir hand ler ' s  scent ; 

success of  individual  dogs ranged from 66.7% to l OO% (Tab le 4.3 ) .  

Table  4 .3 : Trial  I results. Th e target c loths were scented with t h e  dogs' own handler' s  scent. I indicates a 

successful scent exerci se, 0 indicates a failed scent exercise.  

Dog 

4 
8 
1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 

Total 1 1  

Week I 
2 3 

I 
0 
I 

1 0  

I 
0 
I 

1 0  

Total Percent 
correct correct 

9 * t oo * 

9
* 

t oo
* 

3 1 00 
2 66.7 
3 1 00 
3 1 00 
3 1 00 
2 66.7 
3 1 00 
3 1 00 
3 1 00 
3 1 00 
3 1 00 

49 94.9 

* These data arc from Trial I performed at the Tararua Allbreeds Dog Train ing Club. prior to trials at the 

Fei ld ing Dog Train ing Club commen cing.  

Trial I was completed on one n ight, 3 1  March 2003 . All o f  the dogs completed the trial 

on the same evening. Dogs 4 and 8 had already completed th is trial at the T ADTC, so did 

not repeat it at the Feilding c lub.  

The grass at t he c lub grounds had been mown short, and was damp. I t  rained l ightly at  

t imes throughout the evening o f Trial I and there was a s l ig ht breeze. 

4.3.3 Trial  2 - U nfa m i l i a r  people ' s  scent 

The dogs correct ly selected the c loths scented by unfami l iar people in 92 o f  1 1 7 exerc ises 

(78 .6%) in Tria l 2 ;  ind iv idual dog success ranged from 44.4% to l OO% (Table 4 .4) .  
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Table 4.4 :  Trial 2 results. The target cloth s were scented with unfami l iar people's  scent. l indicates a 

successfu l  scent exerci se, 0 indicates a fai led scent exercise. 

Dog Week I Week 2 Week 3 Total Percent 
2 3 4 5 6 7 8 9 correct correct 

4 I I I I I I I 9
* 

1 00
. 

8 I I I 0 I I I 8
* 

88 .9
. 

1 0  0 0 0 I 0 0 I 4 44.4 
1 1  I I 0 I I I 0 7 77 .8  
1 2  I I I I I 9 1 00 
1 3  I I I 0 I I 0 7 77 .8  
1 4  I I I I 0 0 0 6 66. 7 
1 5  I I I I I 0 8 88 .9  
1 6  0 0 0 0 I 0 4 44.4 
1 7  0 I I 0 I I 7 77 .8  
1 8  0 I 0 0 6 66.7 
1 9  I I I I 9 1 00 
20 0 I 8 88 .9  

Total 9 7 7 1 0  9 9 9 7 8 92 78 .6  

* These data arc from Trial 2 performed at t h e  Tararua Al lbrceds Dog Training Cl ub, prior t o  tr ials a t  the 

Fc i ld ing Dog Training C l ub commencing. 

Trial 2 ran from 7 April unt i l  28 Apri l 2003 . Al l  dogs completed the scent exerc ises on 

the same evenings over three consecut ive weeks. Dogs 4 and 8 had also completed th is 

trial at the T ADTC, so did not repeat it again. 

The evenings when the scent exerc ises were performed for Trial 2 were dry and without 

wind. 

4.3.4 T rial  3 - M a rlborough g ree n gec ko-scented paper towels, seats or 

ski ns 

The dogs were spl i t  into three groups in Trial  3 ,  each searching for a different type of 

Marlborough green gecko scent .  They achieved a combined average success of 6 1 .6%, 

ranging from 33 .3% to 88.9% (Tab le 4 . 5 ) .  
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Table 4.5:  Trial 3 results. The target cloths were scented with Marlborough green gecko-scented paper 

towels, seats or skins. l indicates a successful scent exerci se, 0 indicates a failed scent exercise. 

Dog Week I Week 2 Wcek 3 Total Percent 
2 3 4 5 6 7 8 9 correct correct 

4 I I I 0 I 8 88 .9  
8 0 0 I 0 0 0 I 4 44.4 
1 0  0 I 0 0 0 0 0 3 3 3 . 3  
I I 0 I I 0 7 77 . 8  
1 2  I I I 0 I 0 I 0 6 66.7 
1 3  I I I 0 0 0 6 66.7 
1 4  0 0 0 
1 5  I 0 I I 0 0 0 0 4 44.4 
1 6  0 0 0 0 0 I 0 I 3 3 3 . 3  
1 7  I 0 I 0 I 7 77 .8  
1 8  0 0 0 
1 9  0 I I 0 7 77 .8  
20 0 0 0 I 6 66. 7 

Total 8 6 9 9 7 7 4 5 6 6 1  6 1 . 6 

- Dogs wi thdrawn from the study. 

The dogs with gecko-scented paper towels as their target scent produced an average 

success o f 66.7%, ranging from 33 .3% to 77 . 8% (Table 4 .6 ) .  The dogs search ing for scat­

scented target c lo ths had an average success o f  63 .9%, which ranged from 33 .3% to 

88 .9% (Table 4 . 6 ) .  The average success o f  the dogs with skin as the ir target scent was 

5 1 . 8%, ranging from 44.4% to 66 .7% (Table 4 .6 ) .  

Table 4 .6 :  Trial 3 resu lts, showing the three groups the dogs were spl i t  in to. Th e target cloths were scented 

with Marlborough green gecko seats, skins, or paper towels. The results arc calculated as the average 

pcrccn t correct . 

Dog T argct scent 

Paper towel s Seats Skins 

4 88.9 
8 44.4 
1 0  3 3 .3 
1 1  77 .8  
1 2  66.7 
1 3  66.7 
1 5  44.4 
1 6  33 . 3  
1 7  77 .8  
1 9  77 .8  
20 66. 7  

Average 66. 7 63 . 9  5 1 . 8 

88  



Trial 3 began on 5 May a nd ran unti l  1 2  July.  A l l  dogs performed the scent exercises on 

the same evenings, w ith  the exception o f  Dog 20. Dog 20 started Trial 3 one week later 

than a l l  the other dogs, and completed the final three exerc ises one and a hal f  months after 

the other dogs had finished this tria l .  Dogs 1 4  and 1 8  were withdrawn from the study after 

the first week of Trial 3 .  The three scent exercises these two dogs performed in the first 

week of th is trial were not inc luded in analysis. Dogs I 0 and 1 6  were withdrawn from 

further trials after they completed Trial 3 .  

Dog 8 was on prednisone, a stero id med icat ion, for a fungal infect ion during a l l  o f Tria l 3 .  

Week 3 o f  this trial was extremely wet, with heavy ra in that persisted during a l l  the scent 

exerc ises that evening. The weather condit ions on a l l  the other nights that Trial 3 was 

held were very co ld, s l ightly damp and windless. On the final evening of the trial there 

was a very heavy sme l l  o f  fert i l iser in the air. 

4.3.5 Trial 4 - M a rl borough green gecko seats or ski ns 

Trial 4 was added to further examine the relat ively low success produced in Tria l  3 .  The 

dogs produced a h igh average success of 82 .  7%; success rates for ind ividual dogs ranged 

from 5 5 . 6% to 1 00% ( Table 4 . 7 ) . 

Table 4.7 :  Trial 4 results .  The target cloths were scented wi t h  either Marlborough green gecko seats or 

skins .  1 indicates a successful  scent exerci se, 0 indicates a failed scent exerci se.  

Dog Week I Week 2 Week 3 Total Percent 
2 3 4 5 6 7 8 9 correct correct 

4 I I I I 9 1 00 
8 I I I I 9 1 00 
I I 0 I I I I 8 88 .9  
1 2  I I I 0 0 0 6 66. 7  
1 3  0 0 0 I I 0 5 55 .6  
1 5  0 I 0 I 0 6 66.7 
1 7  I I I I I 9 1 00 
1 9  0 I 0 I I I 7 77 .8  
20  I I 1 0 I 1 8 88 .9  

Total 5 8 8 8 9 7 8 7 7 67 82 . 7  
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The group o f  dogs searching for scat-scented target c loths ach ieved an average success o f  

86 .7%, with individuals ranging from 66.7% to 1 00% (Table 4 .8 ) .  The dogs with skins as 

their target scent were successful  in 77 .8% of the exerc ises, ranging from 55 .6% to I 00% 

(Table 4 .8 ) .  

Table 4 . 8 :  Trial  4 results, showing the two groups the dogs were split  into. The target cloths were scented 

with either Marlborough green gecko seats or skins . The results are calculated as the average percent 

correct. 

Dog Target scent 

Seats Skins 

4 1 00 
8 l OO 
1 1  8 8 . 9  
1 2  66 .7  
1 3  5 5 . 6  
1 5  66 . 7  
1 7  l OO 
1 9  77 .8  
20  88 .9  

Average 86 .7  7 7 . 8  

This trial ran from 1 6  June unt i l  2 9  October 2003 . The dogs a l l  completed Trial 4 with in  

three consecut ive weeks, apart from Dogs 4, 8 and 1 I ,  whose handlers were absent from 

some club training nights .  r f hand lers did not attend several c lub nights and their dogs had 

fal len behind the rest by a number of  exerc ises, the dogs would somet imes perform extra 

exerc ises on the same n ight if the handlers thought their dogs were capable of do ing so 

( sec Chapter 3, section 3 . 3 . 2 ) .  Dogs 4 and 8 started the tr ial one week late, performing 

scent exercises 1 -6 when most of the other dogs were doing exercises 4-9, and completed 

the final three exerc ises at the c lub grounds at a weekend two weeks after the other dogs 

had finished the trial. Dog I l 's handler missed two weeks of club meetings, so performed 

exerc ises 1 -3 on the same even ing as most o f thc dogs were doing exercises 7-9.  Dog 1 1  

then carried out exercises 4-6 o f  Trial 4 on the same evening as exerc ises 7-9 o f  Tria l 5 ,  

and the final three exercises four months after most dogs had finished the trial. 

Dog 4 was on heat during the final two weeks ofTrial 4 . D uring this t ime she seemed less 

able to concentrate on the scent exerc ises, and was more easily d istracted. 
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I t  had been raining heavily on the days of  exercises 1 -3 and 4-6 ( for a l l  dogs exc luding 4 , 

8 and 1 1  ) ,  and was very damp with intermittent showers as the exercises were being 

carried out on both  of those nights. The grass at the c lub grounds was very long on the 

first evening, but had been mown short by the second week. A l l  other occasions that 

exercises for Trial 4 were completed were without rain or wind, a lthough the grounds 

were damp. 

4.3.6 Trial  5 - All  three M arlborou gh green gec ko sce nts (paper towels, 

seats and s ki ns) 

Desp ite Trial 5 being a harder test of the dogs ' discriminatory abi l it ies they st i l l  ach ieved 

a very h igh average success o f 8 1 . 5%,  ranging from 55 .6% to  I 00% (Table 4 .9 ) .  

There were 1 5  fa i led scent exerc ises in  Trial 5 ,  n ine (60%) of  which were due to  dogs 

incorrectly retrieving the decoy clo ths (Table 4 .9 ) .  The dogs with scat-scented target 

c loths retrieved the sk in-scented decoy cloths on five occasions, and the paper towel­

scented decoy cloth once. The dogs trying to locate sk in-scented target cloths retrieved 

the scat-scented decoy cloths in two exerc ises, and the paper towel-scented decoy c loth in 

one. 

Table 4 .9: Trial 5 results. The target cloths were scented with either M arlborough green gecko seats or 

skins .  I indicates a successful scent exerc i se, 0 indicates a failed scent exerci se, D indicates a fai led scent 

exercise when a decoy cloth was retrieved i n stead of the target cloth. 

Dog Week I Week 2 Week 3 Total Percent 
2 3 4 5 6 7 8 9 correct correct 

4 D I l 8 88 .9  

8 I D 8 88 .9  
1 1  I I I I I D D 7 77 .8  
1 2  0 D 0 I D l I 5 5 5 . 6  
1 3  D l I I D I 7 77 .8  
1 5  I D I 8 88 .9  
1 7  l 1 0 0 7 77 .8  

1 9  1 0 0 7 77 . 8  
20  I I I 9 l OO 

Total 9 8 7 6 7 6 9 7 7 66 8 1 . 5 
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The dogs searching for target c loths scented with seats made correct retrievals  in 82 .2% 

of the exerc ises, ranging from 77 .8% to 88 .9% (Tabl e  4 . 1 0) .  The dogs with skin-scented 

target c loths selected the correct c loths 80 .6% of the t ime, ranging fro m  55 .6% to I 00% 

success (Table 4. I 0) .  

Table 4. 1 0: Trial 5 results, showing the two groups the dogs were split  into. The target cloths were scented 

with either M arlborough green gecko seats or skins.  The results arc calculated as  the average percent 

correct. 

Dog Target scent 

Seats Skins 

4 88 .9  
8 88 .9  
1 1  77 .8  
1 2  55 .6  
1 3  77 .8  
1 5  88 .9 
1 7  77 .8  
1 9  77 .8  
20 1 00 

Average 82.2 80. 6 

Tria l 5 started on 1 4  July and finished on 29 October 2003 .  Al l  o f  the dogs completed this 

trial w ithin three consecutive weeks except Dog 1 5 . Dog 1 5  performed exerc ises 1 -3 and 

4-6 one week later than the rest of the dogs, due to its handler being absent in the first 

week o f  Trial 5 .  Dog 1 5  completed the final three exerc ises three months after the other 

dogs had finished because of the inconvenience of setting up Trial 5 exerc ises during 

subsequent trials, which had already began. 

Dog 4 remained on heat for the first week of Trial 5. Her behaviour during this week was 

different to normal ;  her attention was easi ly diverted from the scent exercises. 

The weather was very co ld, but without rain or wind for all three weeks o f Trial 5. The 

grass at the c lub grounds was long and damp for the first two weeks, but had been mown 

short by the third. There was a fire c lose to the grounds in week 2, which fi l led the area 

with smoke .  The grounds were damp but the weather was fmc on the day that Dog 1 5  

completed exercises 7-9 .  
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4.3.  7 Trial  6 - Two gec ko species ' seats 

The dogs made an average of 7 1 . 7% correct choices in Trial 6; their indiv idual success 

ranging from 30% to I 00% (Table 4. 1 1  ) .  

An observer acc identally gave Dogs 4 ,  8 and 1 5  the wrong target c loths i n  the first week, 

so the trial was extended by one week (Table 4 . 1 1 ) . This mistake was made again in the 

fourth week, but with different dogs (numbers l l , 1 3 , 1 7  and 20). All dogs had comp leted 

at least nine scent e xercises by this stage, so the trial was not extended further. The results 

o f thc exerc ises in which the dogs were given the incorrect target cloths were not included 

in any analysis. 

O f  the 27 fai led scent cxcrc tscs in Trial 6 ,  e ight (29 .6%) of them were due to dogs 

retrieving decoy c loths instead of target c loths .  The dogs searching for M arlborough 

green gecko-scented target c loths retrieved the forest gecko-scented decoy cloths five 

t imes. The dogs with forest gecko-scented target c loths incorrectly retrieved the 

M arlborough green gecko-scented decoy c loths in three exerc ises. During another two 

fai led scent exerc ises, two dogs searching for Marlborough green gecko-scented target 

c loths heavi ly mouthed ( but did not retrieve) the decoy c loths. 

Table 4. 1 1 : Trial  6 results .  The target cloth s were scented with either Marlborough green gecko seats or 

forest gecko seats .  I indicates a successful scent exerc ise,  0 indicates a fai led scent exerci se ,  D indicates a 

fai led scent exerci se when a decoy cloth was retrieved i n stead of the target cloth . 

Dog Week I Week 2 Week 3 Week 4 Total Percent 
2 3 4 5 6 7 8 9 1 0  1 1  1 2  correct correct 

4 I I I I D D I 9 8 1 . 8 
8 l 0 I I 0 l l 0 I 0 7 63 .6  
l l  I 0 I 0 0 0 0 1 6 60 
1 2  l I I I l l D I I 1 1  9 1 . 7 
1 3  0 D D 0 0 D 0 0 0 3 30 
1 5  l l l 0 0 0 1 0 I 0 6 54 .5  
1 7  0 D l D 1 D 8 72 .7  
1 9  l I l 1 I 1 2  l OO 
20 I D 1 D 1 0  90.9 

Total 8 8 5 6 7 6 2 7 5 7 5 6 7 2  7 1 . 7 

The dogs were accidental l y  given the wrong target scents in these scent exercises. These data were not 

included in any analysis. 
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The dogs w ith Marlborough green gecko scat-scented c loths as their target scent produced 

an average of 60.9% correct exercises, ranging from 3 0% to 90.9% (Table 4 . 1 2) .  The 

dogs searching for forest gecko scat-scented target c loths achieved an average success o f  

78 .3%, which ranged from 54.5% t o  1 00% (Table 4. 1 2) .  

Table 4. 1 2 : Trial 6 results, showing the two groups the dogs were spl i t  into. The target cloths were scented 

with either Marlborough green gecko seats or forest gecko seats. The results arc calculated as the average 

pcrccn t correct. 

Target scent 
Dog Mar! borough 

green gecko 
Forest gecko 

4 8 1 . 8 
8 63 .6 
1 1  60 
1 2  9 1 . 7 
1 3  30 
1 5  54 .5  
1 7  72 . 7  
1 9  l OO 
20 90. 9 

Average 63 .4 78 .3  

Trial 6 was held over four weeks, from 4 August to  I September 2003 . A l l  o f  the  dogs, 

exc lud ing Dogs 1 1  and 1 3 , carried out the exerc ises over four consecut ive weeks. Dog 

1 1  's handler did not attend c lub on week 3 ,  so the dog performed exerc ises 7- 1 2  on the 

final week of the tria l .  Dog 1 3  's  hand ler was absent in week 2, so exerc ises 4-6 were 

carried out on the evening of week 3 ,  and exerc ises 7- 1 2  were a l l  completed on week 4 .  

Dog 1 3  was withdrawn from further trials a t  the comp let ion of Trial 6 .  

Dog 4 had dermat i t is  in one car during the third week of Trial 6. Dog 1 5  behaved 

strangely during week 2, continuously and intent ly sn iffing the ground, paying very litt le 

attention to the scent exerc ises. 

A l l  evenings during Trial 6 were very cold. Weeks 2 ,  3 and 4 were a lso very damp; it 

rained during the exercises, but there was l itt le wind. 
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4 .3.8  Trial  7 - Weathered M a rlborough green gec ko seats 

T he dogs had a total average success of 68. 1 %  (ranging from 44.4% to 88 .9%) for finding 

Marlborough green gecko seats that had been exposed in native forest (Table 4 . 1 3 ) .  

N ine (39 . 1 %) o f  the 23  fai led scent exercises i n  Trial 7 resulted from dogs retrieving the 

decoy c loths . The so i l-scented decoy c loths were retrieved six t imes by the dogs 

searching for the target c loths scented with Marlborough green gecko seats that had been 

completely exposed in the forest, and three t imes by the dogs with target c loths scented 

w ith seats that had been covered. [n  two successfu l  scent exercises two dogs searching for 

exposed scat -scented target c loths mouthed the decoy c loths, but proceeded to retrieve the 

target cloth. 

Table 4. 1 3 : Trial  7 results. The target cloths were seen tcd with weathered Mar! borough green gecko seats.  I 

i ndicates a successful scent exerc ise ,  0 indicates a failed scent exerc i se, D indicates a fai led scent exercise 

when a decoy cloth was retrieved in stead of the target cloth . 

Dog Week I Week 2 Week 3 Total Percent 
2 3 4 5 6 7 8 9 correct correct 

4 I I D 0 0 6 66.7 
8 0 0 1 I 7 77 . 8  
1 1  0 0 0 D D 4 44.4 
1 2  D D 0 0 5 5 5 .6 
1 5  D I 0 7 77 . 8  
1 7  I 0 I 8 88 . 9  
1 9  D 0 I I 7 7 7 . 8  
20 D 0 D 0 5 5 5 .6 

Total 6 3 6 7 5 6 7 4 5 49 68 . 1 

The dogs with target c loths scented with exposed seats produced an average success o f  

75%, ranging from 55 .6% t o  88 .9% (Table 4. 1 4) .  The average success o f  the dogs w ith 

covered seats as their target scent was 6 1 . 1  %; individual dogs ranged from 44.4% to 

77 .8% (Table 4 . 1 4 ) .  
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Table 4. 1 4: Trial 7 resul t s, showing the two groups the dogs were spl it  into. The target cloths were scented 

with weathered Marlborough green gecko seats that had been either completely exposed or covered. The 

results are calculated as the average percent correct. 

Dog Target scent 

Exposed seats Covered seats 

4 66 .7  
8 77 .8  
1 1  44.4 
1 2  55 .6  
1 5  77 . 8  
1 7  88 .9  
1 9  77 .8  
20 5 5 . 6  

Average 75 6 1 . 1  

Trial 7 went from 6 October unt i l  2 0  October 2003 . Al l  o f  the remaining dogs completed 

this trial in three consecutive weeks .  

The weather was dry with no wind on the first and final evenings of  Trial 7 .  The second 

evening however, was very co ld, ra ining and windy. 

The temperatures in the forest where the seats were p laced ranged from 0-22 °C, and 

averaged 1 1 . 6 oc (F igure 4 .7 ) .  The completely exposed seats received a dai ly average o f  

3 . 6  mm of rain, ranging from 0-20 .5  mm ( Figure 4 .7 ) , wh ile the covered seats did not 

receive any direct rainfa l l .  

Dog 1 3  was diagnosed with ep i lepsy a fter Tria l 7 had finished. 

4.3.9  Failed sce nt exercises 

There were 1 49 fai led scent exercises across a l l  of  the seven trials (Figure 4 . 8 ) .  E ighty­

two (55%) fai lures were due to dogs se lect ing incorrect c loths (26 ( 1 7 .4%) of which were 

decoy c loths) ,  no c loths were se lected in 48 (32 .2%) and the reasons for 1 9  ( 1 2 . 8%)  fai led 

exercises were unknown (F igure 4 . 8 ) .  When some dogs (espec ial ly numbers 4,  1 1 , 1 2 , 1 3  

and 1 5) fai led a scent exercise, they retrieved an incorrect c loth more o ften than not 

se lecting any c loth at a l l. This is in contrast to other dogs ( i . e. numbers 8 and 1 4) that 

were more l ikely to make no se lection when they could not locate the target c loth. 
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4.3. 1 0  Dog b e haviour d u ri n g  scent  exercises 

The behaviours o f  t he dogs at the Fei lding c lub  were the same as recorded by observers at 

t he T ADTC (sec C hapter 3 ,  section 3 . 3 . 1 0). 
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4.4 Discussion 

The pnmary finding o f  this study is that dogs can detect Marlborough green gecko 

(N. manukanus) and forest gecko (H. granulatus) scents. The dogs used in this research 

were not se lected on the basis of their apt itude for scent d iscriminat ion work, and they 

were not trained to detect gecko scent .  Despite th is ,  they achieved s ignificant rates o f  

success across the tria l s . They were able t o  dist inguish gecko scent from neutral scent, 

ident i fy several types o f  gecko scent, discr im inate between two species o f  gecko and 

detect the scent of gecko seats that had been exposed to the weather in nat ive forest .  

Some o f  the methods within the study may have influenced the results and could be 

modi fied for future work.  Differences in the aptitude and consistency o f  individual dogs, 

the handlers ' potential in fluence on their dogs, and variable environmental condit ions and 

distract ions, may also have affected the resu lts. 

4.4 . 1  L imitations o f  the methodology 

There arc aspects of t he methodo logy that potentia l ly infl uenced the results ( sec Chapter ], 

sect ion 3 .4. 1 ) . These include freezing and defrost ing the gecko samples before use; us ing 

only half  a gecko sk in  to scent each target cloth and re-using some pieces of  gecko skin 

(due to short supply) ;  the variable conditions the weathered seats were exposed to in the 

forest, and the disparity in odour strength among the seats this may have caused ; drying 

the autoclaved c loths in sun l ight; and having numerous observers throughout the study. A 

tria l that required the dogs to ident i fy one gecko spec ies' scent from among a range o f  

gecko and alternat i ve repti le spec ies'  scents would have been a valuable addit ion t o  th is 

tria l .  This trial did not take p lace due to l imit ed suppl ies o f  rept i le scent and t ime 

restrict ions. An add it ional trial in which the target scent was absent was not held because 

it was outside the scope of the dogs' training and it was not p lanned at the start of the 

study (see Chapter 3 ,  section 3 .4 . 1 ) .  

Some handlers suggested that certain darker-coloured c loths were difficult for the dogs to 

sec and therefore locate when p laced on the grass at n ight. From the posit ion  where the 

handlers stood at t he end of the l ines, some o f  the c loths were d ifficult to see. However, 

when walking down the l ine as the dogs did, a l l  of the c loths were c learly v isible upon 
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approach (personal observat ion) .  Dogs do not rely on vis ion when they are searching for 

scents; in both  good and poor l ight condit ions, o lfaction is a lways the ir dominant sense 

(Gazit & Terke l, 2003b) . For t hese reasons, it is h ighly un l i ke ly that the dogs experienced 

any difficulty in locating the target c loths due to the colour o f  the c loths. 

Trial 4 was added to the study to investigate the comparat ively low average success rate  

( 5 1 . 8%) the dogs produced when detecting Marlborough green gecko skin in  Tria l 3 .  Th i s  

may have part ly been due to the skins being cut in ha l f  and re-used, but because on ly  

three dogs ( numbers 8 ,  1 5  and  20) had sk in as their target scent in  Trial 3 ,  any individua l 

variation in these dogs' detection abi l it ies had the pote nt ial to overt ly influence the 

average resu lt . This made it di fficult to assess whether t he low result was due to poor 

performances by these three dogs, or if it was indicat ive o f  skin being difficu lt to detec t .  

The dogs that searched for skin in Tria l 3 were then in Trial 4 required to locate 

Marlborough green gecko seats, and vice versa (with the remainder of the dogs being sp l it 

between the two groups) .  A lmost a l l  of  the dogs produced higher success rates in Trial 4 

than Trial 3 ,  with Dogs 8 ,  1 5  and 20 in part icular s howing improvement. The h igher 

results in Trial 4 suggest the scent of  the sk ins did not significantly d iminish w ith re-use, 

and the dogs may have performed uncharacterist ical ly poorly in Trial 3 .  

4.4.2 The abi lity of t h e  dogs t o  detect gec ko scent  

The dogs were able to  re liably detect Marlborough green gecko scent, with average 

success rates that ranged from 5 1 . 8% for skin to 86 .7% for seats. When presented w ith 

the scent o f  forest gecko seats the dogs were able to ident ify it in an average o f 78 . 3% of 

the scent exercises. Desp ite the experimental nature of this study and that a lternat ive 

types of gecko scent were used instead o f  l ive geckos, the dogs' success at detect ing the 

scents indicates that dogs could be use ful  in finding geckos for conservation work. 

Although geckos are re latively smal l ,  they are known for their widespread use of 

chemorecept ion for communicat ion purposes (Schwenk, 1 993 ;  Pianka & V itt ,  2003) .  I f  

dogs are able to exploit geckos ' chemical signals, th is may help dogs to locate them. The 

current v isual techniques o f  searching for New Zealand gecko species may be necessari ly  

l imited due  to  the crypt ic nature of  geckos; the use of  dogs may comp lement and enhance 

these methods. 
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There are no other publ ished accounts examining the abi l ity o f  dogs to detect New 

Zealand geckos .  There arc currently two dogs in New Zealand trained to find l izards 

(gecko and skink species) in the field (sec Appendix I for more information). 

4.4.3 The dogs ' p revious train i ng 

The sample o f  dogs used in this study was se lected so lely on avai labi l ity; the dogs were 

not randomly se lected or chosen on the basis of exceptional apt itude for scent 

discriminat ion (sec Chapter 3, section 3 .4 . 3 ) .  Although there was variat ion between the 

dogs, the results i l lustrate that a group of non purpose-trained dogs with varying leve ls  o f  

scent d iscriminat ion experience can re liably detect gecko scent. This suggests that a dog 

spec i fically trained to detect gecko scent is l ikely to do so very accurate ly. 

None of the dogs used in this study was spec ifical ly trained to detect gecko scent, yet they 

were able to do so successful ly .  The only scent they had prev ious ly been required to 

locate was human scent, and the dogs' level of experience in scent discrimination work 

ranged from three weeks (e .g .  Dog I 0) to three years ( e .g .  Dog 1 2 ) .  The amount of scent 

work the dogs had done prior to this study appeared to have no c lear influence on their 

success rates. The dog with the h ighest average rate of  success across all trials ( Dog 4 )  

had only s ix months training; wh i le the first two dogs withdrawn from the study (numbers 

1 4  and 1 8 ) ,  both had two years experience. 

Dogs can be more successfu l  at detecting scents if they have had previous experience 

with them (Schoon & De B ruin,  1 994 ; Kurz et al. , 1 996;  Komar, 1 999 ;  H urt et al. , 2000) .  

Although the dogs were introduced to gecko scent for the first t ime in Trials 3-7 ,  most o f  

the dogs i n  this study were able t o  detect the gecko scents with average success rates that 

were significant ly higher than random. However, the results of Trials l and 2, when 

human scent was the target scent, and the results of  Trial s  3-7 when gecko scents were 

used, were s ignificant ly different, so Trials l and 2 results were exc luded from ana lysis 

for learning ( see  C hapter 3,  section 3 .4 . 3 ) .  There was no indicat ion that the dogs learnt, 

thereby improving their succe ss rates, over the course of a l l  the tria ls that used gecko 

scent .  

The results o f  th is study are comparable to s imi lar studies ( see C hapter 3,  sect ion 3 .4 . 3 ) .  
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4.4.4. D etection of d i fferent gecko s pecies 

The dogs were able to d iscriminate between the scent of the seats of two gecko spec ies:  

Marlborough green geckos and forest geckos, with average successes o f  63 .4% and 

78 .3%, respect ively. Green and forest geckos belong to two different genera (Naultinus 

and Hoplodactylus) . The two spec ies have a different geographica l distribution, activity 

patterns and physical characteristics (sec Gi l l  & Whitaker, 1 996) .  [t is not known how the 

chemical composit ion o f  their pheromones differs . The Marlborough green geckos that 

provided sources of scent for this study were fed on a diet of Wattic ' s® canned baby food 

(pear flavour) ,  mealworms ( Tenebrio molitor), moths (Lepidoptera) and blowflies 

( Calliphora spp. ) .  The forest geckos were fed mainly moths, with some fl ies. Two of the 

four components of  the geckos ' diets were the same and two were d ifferent. The dogs 

would a lmo st certain ly have been able to detect this dietary di fference between the two 

types of seats, and this may have had some influence on the dogs' abi l i ty to discriminate 

between the two species .  It is not known, however, to what extent th is a ffected the resu lts .  

Ideally both species o f  gecko would have been fed exact ly the same diet ( i f  appropriate) .  

However, s ince this study rel ied on receiv ing rept ile samples from external sources, there 

was no contro l over this .  Scat-detection dogs trained to find seats from one popu lat ion of 

animals may hesitate or initially fai l  to ident ify seats from another population of the same 

spec ies fed on a different diet ( H urt et al. , 2000; S mith et al. ,  2003 ) .  With suffic ient 

training dogs can rapidly  learn to generalise across diets of di fferent populations o f  the 

same spec ies (Smith et al. , 2003;  Wasser et al. , 2004) .  Because dogs have the abi l ity to 

overcome d ifferences in diet when ident ifying seats of a specific spec ies it is l ikely that 

the dogs in this study were accurate ly discriminating between the two spec ies of gecko, 

despite there being some differences in their diets. 

4.4.5 Detection of weathered M a rlborough g reen gec ko seats 

The dogs achieved high average successes when detecting weathered Marlborough green 

gecko seats .  The weathered seats presented to the dogs probably received more rainfal l  

and lower temperatures than seats natural ly deposited by geckos in the field during 

summer months. This may have caused excessive deterioration o f  the seats and less 

invertebrate and bacterial action with in them, which may mean they produced less scent 

1 02 



than seats found i n  the forest (see Chapter 3 ,  section 3 .4 .4) .  Gut passage t imes are 

negat ively correlated with temperature for lizards (geckos and skinks) ; the average t ime it 

takes for food material to travel through l izards' guts is approximately 1 1  days at I 0 oc 

and 27 hours at 20 oc (Lawrence, 1 997) .  Dogs working in the field to detect gecko seats 

(during summer when geckos are most act ive) would therefore probably encounter seats 

that were fresher, exposed to less ra infa l l  and temperature variat ion and subsequent ly 

producing more vo lat i le odours. These results suggest that dogs could rel iably detect 

gecko seats in the field. 

The dogs achieved a higher average success at detecting the exposed seats (75%) than the 

covered seats (6 1 . 1  %), which was unexpected. H owever, as there were only four dogs in 

each of the two groups and two dogs performed re lat ively poorly in the group searching 

for covered seats, th is may explain the difference.  

Scat-detection dogs can re liably locate the seats of endangered spec ies. These seats may 

then be analysed for DNA and hormones, a l lowing extens ive in formation to be gained 

about the spec ies in a non- invasive way ( H urt et al. , 2000; Wasscr et al. , 2000; Smith & 

Rai ls, 200 1 ; Kcrlcy, 2003 ; Smith et al. , 2003 ; Wasscr et al. , 2004 ) ( sec C hapter 3 ,  sect ion 

3 .4 .4) .  Although this study has demonstrated that dogs could potentia l ly detect gecko 

seats in the field, gecko seats arc very smal l  and therefore their odour is probably spread 

over a relat ive ly l imited area . I f  scat-detect ion dogs were ab le to effic iently locate gecko 

seats in the field, then it could be a potential alternat ive method of surveying and 

collect ing informat ion for conservat ion purposes. Further research needs to done to 

exp lore the possib i l ity of dogs being used in th i s  capac ity. 

4.4.6 Accurate scent d iscrimination 

I n  Tria ls 3 and 4 the dogs showed they were able to  detect the three types of  gecko scent . 

The aim of Trial 5 was to e nsure that the dogs were locat ing the spec ific scent, and were 

not s imply select ing the one scented c loth; t h is was done by adding two decoy c loths to 

the l ine of c lo ths .  The dogs produced very h igh average successes in th is  trial, for both 

target scents o f  seats (82 .2%) and skins (80 .6%) . One decoy c loth was used in Tria ls  6 

and 7 and again, the dogs achieved h igh average success rates (of  7 1 . 7% and 68 . 1 %  

respectively).  T hese results conftrm that the dogs were identifying the correct scents. 
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Out of the 1 5  fai led scent exercises in Trial 5 (where t he dogs were presented with a l l  

three types of gecko scent ) ,  n ine (60%) were incorrect se lect ions o f  decoy c loths. This 

suggests that the gecko scents are s imi lar, but st i l l  d ist inguishable by the dogs. Only a 

small proportion o f  the fai led scent exerc ises in Tria ls  6 and 7 were due to decoy c loth 

retrievals. Cross-contaminat ion between c loths was h ighly unlikely (see C hapter 3 ,  

sect ion 3 .4 . 5 ) . 

4.4. 7 Limitations of  the dogs 

Some dogs were signi ficantly more successful than o thers across al l  seven tria ls .  Dogs 4, 

1 7  and 1 9  for example, had success rates that were consistently h igher than 7 7 . 8%. I n  

comparison, Dog 8 ' s  success ranged from 1 00% in Trials 1 and 4 to 44 .4% i n  Trial 3 .  

Somet imes one dog ' s  performance d isproportionate ly affected the average resu lts for that 

spec ific trial (sec Chapter, section 3 .4 .6 ) .  

There were t imes throughout the trials when dogs that were typical ly consistent failed 

severa l scent exerc ises in a row. Dogs 1 2  and 1 5 , for examp le, failed all three scent 

exerc ises in the final weeks of Trials 4 and 3 respectively. Both of  these dogs had 

reasonably consistent success rates. Fai lures that appear to be l inked may be attributed to 

a number of factors, inc luding boredom o f  the dogs and motivat ion of the hand lers (sec 

Chapter 3, section 3 .4 .6 ) .  

Physical complaints may have contributed to  some fai led scent exerc ises. I n  t he  course of  

the study Dog 4 was on heat in weeks 2 and 3 o f Trial 4, and week I o f Trial 5 ,  and had 

dermatitis in an car during week 3 of Trial 6 ;  Dog 8 was on steroid medicat ion for a l l  o f  

Tria l  3 ;  and Dog I S ' s  behaviour was noticably distracted during the second week o f Trial 

6. A lthough the success of Dog 4 did not appear to change during this t ime, the 

performance of Dogs 8 and 1 5  may have been a ffected. Dog 8 fai led most of its scent 

exercises during the period in which it was unwel l ,  producing its lowest average success 

o f  the entire study; th is  was possibly due to imp aired scenting abi l ity caused by the dog ' s  

steroid medicat ion  (Ezeh et  al. , 1 992) .  Dog 1 5  fai led two exercises during its week o f  odd 

behaviour in Trial 6. Dog 1 3  was d iagnosed w ith  epilepsy after the trials had fmished. 

This dog's undiagnosed condition may have impaired its o lfactory abil ities ( M yers, I 99 1 

and references therein) .  
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4 .4.8 H a n d ler  infl ue nces 

The motivat ion and disposit ion o f  the handlers may have influenced the way the dogs 

behaved and performed in t he scent exerc ises (see Chapter 3, section 3 .4 .  7 ) .  

The  c lub train ing grounds were the most convenient p lace to carry out the trials, but were 

not entirely sat isfactory. The layout of  the area enabled non-participat ing handlers to 

observe other dog and handler teams complet ing scent exerc ises and therefore the tria l s  

were not strict ly bl ind (sec C hapter 3 ,  sect ion 3 .4. 7 ) .  

When some dogs fai led a scent exerc ise, they were more likely to retrieve an incorrect 

c loth rather than retrieve no cloth at a l l .  This inc l inat ion to retrieve any c loth, regardless 

of  its scent , may possibly be attributable to the system of reinforcement the handlers used 

when the dogs comp leted the exerc ises ( sec Chapter 3, sect ion 3 .4 . 7 ) .  Some dogs seemed 

eager to retrieve any cloth in order to please their owner and evoke posit ive rein forccment 

(personal observat ion ) .  

Three scent trials (Tria ls 3 ,  4 and 5 )  were extended for a number o f  weeks for one to three 

dogs (sec Appendix 3 ) .  I nterruptions during assessment of scent discrimination work can 

result in a decrease in accuracy (Sett le et al. , 1 994; Kauhancn et al. , 2002 ) ;  however, 

these disrupt ions had no noticeable impact on the success of the dogs. I nterruptions arc 

l ikely for a gecko-detection dog working in the field. Because geckos arc cctothcrmic and 

more active during summer, a dog trained to locate geckos would probably only work 

seasonal ly, w ith supplementary training during the winter. 

4.4.9 U ncontrolled v a riables 

Uncontrol led influences such as d istractions from other people and dogs, may have 

affected the results (sec C hapter 3 ,  sect ion 3 .4 .8 ) .  The weather condit ions were variable 

throughout this study, but there appeared to be no obvious re lationship between the 

weather and the success o f the dogs. 

Overa l l ,  the results indicate that dogs can readily detect gecko scent, and therefore there is 

potent ial for dogs to be used to find geckos for conservat ion purposes. 
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CHAPTER S 

FINAL DISCUSSION AND 

CONCLUSIONS 

Lines of c loths set up at the Tararua All breeds Dog Train ing Club.  Photo: C lare Browne. 

Lines of c loths being set up at  the Feilding Dog Training C lub. P hoto: Louise June. 



Dogs have long been recognised as reliable and efficient scent-detectors. Numerous 

studies have estab l ished dogs' proficiency at locating an extremely  wide range o f  scents 

inc luding hazardous c hemicals, cancerous t issues, microorgan isms and various animal 

species (Arncr et al. , 1 986; Furgal et al. , 1 996;  Crook, 2000; N akash et al. , 2000; 

Kauhanen et al. , 2002 ;  Brownc & Stafford, 2003;  P ic ket  et al. , 2004; Shelby et al. ,  2004; 

Wasscr et al. , 2004; W i l l is et al. , 2004 ) .  The abi l i ty o f  dogs to detect scents is far superior 

to that o f  humans (Thomc, 1 995 and references therein) ; and dogs are o ften more 

sensit ive, re liable and practical than electronic scent-detection devices (Furton & M ycrs, 

200 I ;  Bach & M cLean, 2003 ; Lorcnzo et al. , 2003 ) .  

Dogs arc being used increasingly in the fie ld of  conservat ion. [ ntcmational ly, 

conservat ion dogs arc used to recover DNA, reduce t he need for costly laboratory testing 

of samples and cause less disturbance to animal populat ions than traditional methods of  

study ( H urt et  al. , 2000;  Kcrlcy, 2003 ; Smith et al. , 2003 ; Wasscr et  al. , 2004) .  [n  cw 

Zealand, dogs have been used for conservat ion purposes s ince in the 1 890s ( H i l l  & Hi l l, 

1 987 ) .  They have proved to be extremely valuable when searching for endangered spec ies 

( B est, 1 980; Co lbourne, 1 992;  Browne & Stafford, 2 003 ), and arc now wel l-estab l ished 

as a resource for conservation work. Tuatara and gecko arc endemic cw Zealand 

spec ies, whose existence has been in a state of dec l ine since the arrival of humans and the 

ensuing mammalian predators and habitat modi fication (Towns et al. , 1 985 ;  Daughcrty et 

al. , 1 994; Towns & Daughcrty, 1 994; Crcc et al. , 1 99 5 ) .  This study assessed the potentia l 

o f  using dogs as too ls to  detect tuatara and gecko spec ies. 

The methods used here were quite di fferent to the methods used in most s imi lar research. 

M any other studies used groups of dogs and/or handlers with prior training and 

experience in scent d iscrimination, and tested their scenting capabi l i t ies in dedicated, 

control led testing fac i l it ies (Hawk et al. , 1 984; Kurz et al. , 1 994; Schoon & De Bruin, 

1 994; Settle et al. , 1 994; Schoon, 1 996; 1 997; H urt et al. , 2000; Brooks et al. , 2003 ; 

Kerley, 2003 ; Smith et al. , 2003 ; P ickcl et al. , 2004; Shelby et al. , 2004 ; W i l l is et al. , 

2004) .  While such situations are des irable, they are o ften not a real ist ic option, and were 

not available to this study. Some o f  the conditions  in this study (e .g.  distractions during 

scent exercises and the possib i l ity o f  c loths p icking up extraneous odours) may in fact  

lend some realism to the model ;  rept i le-detection dogs would be faced with a mult itude o f  

distractions i n  the field.  
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The handlers participated in th is research with their dogs voluntar ily, and the dogs ' 

previous experience in scent work ranged widely. None of the dogs was trained so lely for 

scent discriminat ion. The trials were he ld at times and locat ions that were convenient to 

the handlers, which made gathering suffic ient data very d ifficult .  V irtual ly a l l  o ther 

s imi lar studies conducted at least some prel iminary tra in ing with the target scent prior to 

test ing and some also trained their dogs throughout the test ing period (e.g. Settle et al. , 

1 994; Brooks et al., 2003 ; Pickel et al. , 2004) ;  the dogs in th is study had no prior 

experience with tuatara or gecko scent . The significant variat ion between the success rates 

of  individua l dogs highl ights the importance of selecting suitable dogs for such work and 

emphasises that dogs and handlers must work well together. 

Desp ite t hese di fferences, the dogs in this study could accurately detect a range o f tuatara 

and gecko scents and the results compared wel l  to those of other studies. This suggests 

that using ordinary dogs and handlers can be a usefu l  model for scent detection and 

discriminat ion research .  I t  also indicates that using dogs to detect these rept i le spec ies for 

conservat ion purposes is certainly a viable option. 

Using dogs for the conservat ion of  tuatara and geckos may not provide the extraordinary 

level of assistance they have given in the past to other spec ies, such as kakapo and k iw i  

for instance, primarily due to the d iffering nature of  the target species. Kakapo and k iwi 

arc large, strong-smel l ing, cndothcrmic animals, that can move relatively large d istances 

in short t imes (e .g .  k iwi can travel I km in a night) ( Colbournc, 1 992 ;  Mc Lcnnan et al. , 

1 996; H agclin, 2004) .  A dog can detect scent only when and where it is present, and the 

size and activity levels of  tuatara and geckos may be l imit ing in this respect in  

comparison to  other target species. However, tuatara- and gecko-detection dogs would 

offer an alternat ive to the visual search methods currently used, which arc not ideal ly 

suited for spec ies that arc smal l ,  nocturnal ,  burrowing or crypt ic . Surveying rept i le 

populat ions with dogs may be more e ffic ient and reduce sample b ias by detect ing more 

than just the conspicuous individuals. 

Using dogs to locate a target species' seats instead of capturing and sampl ing individual s  

b y  traditional methods i s  not a pract ice currently used i n  New Zealand, although i t  is  a 

fie ld o f  research rapid ly growing internationa l ly  (e .g .  Hurt et al. , 2000; Smith & Ral ls, 

200 1 ; S mith et al. , 2002 ;  Kerley, 2003 ; Smith et al. , 2003 ; Reindl et al., 2004; Wasser et 
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al. , 2004) .  The results o f  th is  study show dogs can rel iab ly detect the scent o f  tuatara and 

gecko seats. Further research is needed to examine the l imits of their scat-detection 

abi l it ies to determine i f  this i s  a pract ical option. 

Tuatara-detcction dogs could potent ial ly help DoC ach ieve the object ives out l ined in  the 

current tuatara recovery plan (Gaze, 200 I ) . Dogs cou ld assist with monitoring tuatara 

populat ion trends and help ident i fy unknown re lict populations through their more 

effect ive detect ion abi l it ies. Conservat ion dogs appeal to a wide range of people, so could 

be used to  boost public awareness o f  tuatara conservat ion issues. These benefits a lso 

app ly to gecko conservat ion. 

Current ly there arc three dogs in N ew Zealand trained to detect nat ive rept i les .  Each dog 

can ident i fy one of the three ma in groups: tuatara, geckos and skinks (sec Appendix I for 

more in formation) .  The training of the tuatara-dctcct ion dog is detailed in Appendix  I ,  

and is a pract ical extens ion o f thc theoretical work in th is  study. 

5.1 Reco mmendations for Further Res earch 

I .  Dogs that have a demonstrated pro fic iency at scent discr iminat ion work should be 

used for further research of this nature. 

2 .  I deal ly, l ive repti les inside perforated, dog-proof containers, should be used for 

addit ional research. This wou ld necessitate modi fications in the methods, however, 

because the retrieval wou ld no longer be an ideal indicat ion. Point ing, s itt ing, or 

lying down at the target scent, for example, could be substituted for the retrieval .  

3 .  The abi l ity o f  dogs to discri minate between many d ifferent reptile spec ies shou ld be 

tested (extending the trial in the gecko study in which the dogs were required to 

d ifferent iate between Marlborough green gecko and forest gecko scents) . Ignoring 

the scent of non-target species is a vital ski l l  for tuatara- or gecko-detection dogs 

working in habitats where several spec ies o f rept i les  are present. 
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4 .  The abi l ity of  dogs t o  d ifferent iate between repti le  spec ies within the same genus 

should be invest igated. 

5 .  The abi l ity of dogs to discriminate between rept i les o f  different sex and age should 

be evaluated. Part icularly because exotic gecko spec ies arc known to be able to do 

this through chemoreception, and there fore dogs may be able to make use of the 

chemica l s ignals of geckos and possibly other spec ies. 

6. The capacity of  dogs to detect rept i le  seats should be examined further. [n order to 

understand if  this is a pract ical opt ion for conservat ion work, informat ion such as the 

dogs ' detection range needs to be assessed. 

7 .  Dogs' response to the scent of  non-target spcc 1cs 111 the absence of  their target 

species ' scent should be tested. 

8 .  The potential o f  using dogs to detect other spec ies for conservat ion work should be 

invest igated. Dogs should be assessed on their ab i l ity to detect spec ies such as land 

snails ( Po vrelliphanta spp. ,  Pmyphanta spp . ,  P!acostylus spp . ,  Rhytida spp . and 

Wainu ia spp . ) ,  weta ( Deinacrida spp. and Hemideina spp. ), frogs ( Leiopelma spp . )  

and bats ( Mystacina spp. and Chalino!obus spp . ) .  
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APPENDIX 1 

TRAINING A 

TUATARA-DETECTION DOG : 

A CASE STUDY 

Apple, a tuatara-detection dog, i nvestigating a freeze-dried tuatara (Sphenodon punctatus). 

Photo :  Clare Browne. 



This appendix describes the training o f  my own dog, Apple, to detect tuatara (Sphenodon 

spp . )  in  the field for conservation work. She was selected with the express intention o f  

training her t o  detect tuatara. Her training was simi lar to that for cadaver- and m ine­

detection dogs, based on operant condit ioning methods and using mainly posit ive 

re inforcement. Throughout Apple ' s  training I encountered difficult ies in keeping her 

mot ivated, gett ing her to show c lear ind icat ion behaviours and gaining sufficient 

experience in the fie ld. The fo l lowing sect ions outline her training in deta i l .  

1 .1 Selection of a Dog 

Apple is  a German shorthaired pointer (GSP)  border col l ie  cross, spayed b itch. I se lected 

her at just over eight weeks of age, based on her breeding and her temperament. I 

considered both GSPs and border coll ies to be des irable breeds for protected species 

conservation work . Border co ll ies arc hard work ing and responsive dogs, renowned for 

their sheep herding abi l i t ies ( Morris, 200 I ) .  German shorthaired po inters arc sport ing 

dogs, primari ly po inters ( a lthough they w i l l  trai l  and retrieve prey), and arc considered to 

be methodical and e fficient ( Morris, 200 I ) . Both arc working breeds, and neither has 

strong tendenc ies to use their mouth (an advantage when searching for protected spec ies) .  

Border co l l ies in part icular arc reputed to be intel l igent and eager to p lease the ir handler, 

and have a lot of stamina. I spent quite a bit o f  t ime handl ing and observing Apple before 

select ing her. As a puppy, she was a lert, confident, curious, inte l l igent and responsive to 

commands. 

1.2 Tra i ning M ethods 

Apple 's  training was based on opcrant condit ioning theory. Opcrant conditioning i s  when 

an individua l  assoc iates its actions with certain re inforc ing or punishing consequences, 

and modifies its behaviour accord ingly ( Ridley, 1 99 5 ) .  Reinforcement a ims to increase a 

specific behaviour by e ither the introduction (posit ive re inforcement) or remova l 

(negat ive rein forcement) o f  a st imulus; punishment aims to decrease a specific behaviour, 

again, by either introducing (posit ive punishment) or removing ( negat ive punishment) a 

st imulus ( M artin & Pear, 1 999) .  I emp lo yed main ly positive reinforcement to train Apple  

to  detect tuatara scent. She i s  extremely p lay-motivated, so allowing her  to p lay wi th  a toy 
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or mysel f  as a reward for a correct response, formed the basis o f  the posit ive 

re inforcement using t hroughout her training. 

Shaping is an aspect of reinforcement that was used to teach App le to indicate when she 

had p inpo inted tuatara scent .  S hap ing is the process of re inforcing successive 

approximat ions of a desired behaviour, unt i l  a behaviour that was not previously 

performed by an indiv idual has been taught ( Eggcn & Kauchak, 200 I ) . I t  is important that 

the steps used in the s hap ing process arc flexib le, to account for d ifferent styles and rates 

of learning. 

Because cont inuous re inforcement ( i .e .  after every correct response) produces the fastest 

rates o f  init ial learning (Eggcn & Kauchak, 200 I ) , posit ive reinforcement was appl ied to 

every correct behaviour Apple disp layed in the early stages o f  her training. This also 

funct ioned to keep her motivated and enjoying the training. 

Other aspects of App le ' s train ing that were important to her eventual success as a tuatara­

dctcct ion dog include her soc ial isation and physical condition. Conservation dogs arc 

o ften exposed to large numbers of different people through the ir work, and they need be 

accustomed to using many modes of transport inc luding boats, p lanes and hel icopters 

(Brownc & Stafford, 2003 ) .  Whenever possible, [ took the opportunity of  exposing App le 

to di fferent people, loud noises ( i .e .  trains, aerop lanes, road works, etc . )  and trave l in 

vehic les,  in order to accustom her to a variety of  experiences and estab l ish her trust in me 

when we encountered nove l s ituations. Conservation dogs arc o ften requ ired to search 

long hours for the ir target species in rough terrain ( Brownc & Stafford, 2003 ) .  Phys ical  

condit ioning can improve dogs' sense o f  sme l l  (A ltom et al. , 2003 ), so [ maintained 

App le 's  fitness at a high level .  

1 .3 Teaching the " Find" Command 

M y  a im was to  teach App le t he command "find", meaning that she  had to  search for a 

specific object h idden from view. I did this with her on a daily basis by p laying games in  

which she had to search for hidden items. Because of  her strong p lay-mot ivat ion, the 

h idden object was init ial ly her favourite toy, a tennis bal l ,  and her reward was being 
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a l lowed to p lay with the bal l  when she found it . This method o f  posit ive reinforcement 

was extreme ly  e ffect ive in mot ivat ing her to search for the ball .  

I gradual ly increased the d ifficulty of the search games.  To begin with, I threw a bal l  

d irect ly in front of her and said, "find". She wou ld run to the bal l  and be rewarded with 

verbal praise and p lay with t he bal l  and myse l f. I then advanced to throwing the bal l out 

of her l ine of vision ( i .e .  beh ind a bush) , saying, "find". S he would go to the area where 

she saw the bal l  disappear, and search for the bal l . She adj usted to this smal l change very 

easi ly, and searched every time unt i l  she found the ba l l .  

The next progressiOn in  th i s  train ing was to  restrain Apple out of  s ight ( i .e .  ins ide a 

bui lding ),  and p lace the ba l l  in open view. I would then bring Apple outside, and te l l  her 

to "find". By this stage she k new the command "find" meant to locate her bal l ,  and wou ld 

start searching for it without hesitat ion . Because the ba l l  was placed in ful l  view, she was 

able to find it very quickly; this behaviour was instantly reinforced by a game with the 

bal l  and myse lf.  This step was then extended further. I h id the ba l l  out o f  s ight ( i . e. under 

a shrub or in a garden) wh i le Apple was shut indoors .  She was released outside, and 

commanded to · ' find". She was unable to sec the bal l ,  so this exerc ise required her to 

thoroughly search the area and use her sense of smell to locate the bal l .  

When Apple was approximately nine months old, I started using the command ·' find" on a 

range o f  different objects so that she did not assoc iate the command exc lusively  with 

tennis bal ls. This was done in the same way, by hiding the objects in progressively more 

difficult exercises, and rewarding her with play once she found them. She was able to 

rapidly genera l ise the " find" command to any object we used. 

1.4 Tuatara Scent Training 

The training methods I used to teach App le  to detect tuatara scent were very s imi lar to 

those for cadaver and mine-detection dogs ( Rebmann et al. , 2000 ; Hayter, 2003 ) .  My goal 

was to get her to general i se the scent of all species of tuatara (S. punctatus, S. punctatus 

punctatus and S. guntheri) .  I a imed to achieve this by using tuatara scents from as many 

d ifferent individuals as possib le. I hoped by doing th is Apple would learn to general ise 
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across the two spec ies (and the sub-species) o f tuatara, individuals, sex, age and d iet .  This 

fo l lows the training methods of  other detect ion-dogs (e.g. Wasser et al. , 2004) .  

Most o f  the training took place in  paddocks a t  Masscy U niversity, Palmcrston North, 

although much of the indication teaching was done at my house .  The training sessions 

were kept short to maintain App le ' s  interest, particularly in the initial stages. Most 

sessions lasted I 0- 1 5  minutes, a lthough some went for up to 40 minutes in the later stages 

o f hcr training. 

Due to the absolute protection status o f tuatara, tuatara-sccntcd paper towels, tuatara seats 

and s loughed skins were the resources most avai lable to me for training. So that I did not 

contaminate the tuatara scent with my own scent, I placed the samples ins ide perforated 

p lastic jars and used these jars during Apple ' s  training. To ensure that she was not 

look ing for the scent of the jars, I also used some decoy jars, wh ich did not contain tuatara 

scent .  [ used samp les from as many individua l tuatara as possible. l wanted App le to learn 

to general ise the scent of tuatara; and her searching not be constrained by an animal ' s  

diet, a speci fic indi vidua l ' s  scent, sex, or  the age of the sample .  

Tuatara arc cctothermic rept i les reaching 250 mm in SYL (Crce,  1 994) .  Although they 

can move rap idly tuatara spend much of their t ime motionless .  The scent from these 

animals  may trave l a shorter distance in comparison to other protected spec ies (e .g .  kiwi, 

which arc cndothermic and much more mobi le ) .  A relat ively shorter detection rad ius, 

combined with no chance of an intrinsic reward for a dog finding a tuatara ( i . e .  it is  not 

a l lowed to treat the tuatara like a true prey item and k i l l  i t ) ,  may mean that search ing for 

tuatara is not part icularly exciting for a dog. The act of  finding tuatara was probably not 

going to be stimulat ing enough to motivate Apple to search for prolonged periods of t ime. 

Therefore, [ had to find a way to make tuatara-detcction exciting. I decided that because 

the actual tuatara would not be a reinforcer, [ had to use extrinsic rc inforccrs. Because she 

is very mot ivated by p lay, [ chose h ighly arousing toys and p lay. I used rubber toys (some 

that squeaked), which she could chew and we could wrestle with, as posit ive 

re inforcement when she located tuatara scent. 
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1 .4. 1 I nit ia l  scent tra i n i ng 

Apple was first introduced to tuatara scent when she was three and a ha lf  months o ld 

(August 2002 ) .  No formal training was done with it at this t ime; some paper towels that 

captive tuatara had been s it t ing on in their enc losures were put inside a perforated 

container and p laced near her basket . I drew her attent ion to it several t imes, and repeated 

the word "tuatara". 

At l 0 months of age (March 2003 ) ,  I started training Apple to detect tuatara scent .  She 

was very interested in it. I started assoc iating the word "tuatara" with the scent by 

repeating it and giving her verbal praise each t ime she smelt the samples. I set up a basic 

search exerc ise as I had previously done with toys and other objects, and told her to 

"find" the ·'tuatara". When she located the tuatara scent,  I immediately rewarded her with 

a game of tug of war on her leash. We d id short training sessions ( t O minutes long) such 

as this at least once a week. A fter severa l weeks she started to find the tuatara scent and 

then instantly look to me and for the leash to play w ith .  I continued to rein force this 

response, because my ult imate aim was for her to indicate her find to me without touching 

the tuatara. We did a l l  o f  this init ial training at home, preferably outs ide, but inside if the 

weather was poor. 

When App le was 1 1  months old ( April 2003 ),  I not iced a sl ight change in her search 

behaviour. W hen she was tracking a scent,  she held her tail very high and rigid, and it 

quivered. She had also started to ' quarter' the wind (working up the wind and moving 

sideways across the air currents) when searching. B y  this stage Appl e  was abso lutely 

focused on her task when she was scent ing; it was very difficult to get her attention or 

break her concentration. She would ignore food, people and other dogs while trying to 

locate a scent, and was I 00% successfu l  at finding a l l  scents that I hid for her. We did 

scent training at home, in some paddocks at Masscy University and at a dog exerc ise area 

along a section of thc M anawatu river. 

By the t ime Apple was 1 4  months o ld ( Ju ly 2003) ,  I was confident that she recogn ised 

tuatara scent and was assoc iating the word "tuatara" w ith it. At this stage I was getting 

vo lunteers to hide tuatara scent for Apple to find, so that she did not always assoc iate my 
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scent with tuatara scent. Whi le I held Apple ' s  attention, the vo lunteers wou ld drop a scent 

jar as they walked t hrough a paddock (traversing it randomly several t imes, so they d id 

not leave a s ingle  scent trail leading straight to the tuatara scent), or they would throw the 

scent jar across a paddock. Apple found all of the hidden scents without difficu lty. I also 

started putting a harness on Apple during scent training sessions. The aim was for the 

harness to be a signal to her that she was work ing, and r noticed that she settled down 

quick ly once I put the harness on her. 

When Apple was 1 5  months o ld (August 2003 ) and we had carried out a substantial 

amount of scent training in several different locations ,  I real ised that she needed at least 

I 0 minutes before she would settle down and be ready to work. I a lways a l lo wed her to 

investigate the area we were going to be working before expecting her to work efficiently. 

I a lso noticed that Apple had started to search in a rad ius around mysel f. As I moved 

across a paddock, she searched the area that I moved into . 

I s tarted gett ing Apple accustomed to wearing a muzzle on when she was 1 6  months old. I 

conccntralcd on do ing just basic obedience work ( heel ing, s it t ing, lying down, etc . )  while 

she was wearing her muzzle. S he worked well  w hile wearing it ,  alt hough it was c lear she 

preferred to be without it .  

When Apple was about 1 7  months of age (October 2003 ), I fe lt that she had successfu l ly  

mastered the type of scent exerc ises I had set her to date, and started preparing more 

d ifficult ones. I constructed some smal l  ( 5  x 5 cm)  mesh pouches (s imi lar to those used to 

contain the seats I p laced in the bush during Trial 7, sec Chapter 3, section 3 .2 .4) ,  which 

were secured to the ground with meta l p ins. [ set up a series of scent exerc ises in which 

tuatara seats and sk in fragments were put in separate pouches, p laced in paddocks, and 

left for 3 -24 hours before gett ing Apple to find them. Although she found these exerc ises 

more difficult, she st i l l  managed to locate the t uatara scent approximately 80% of the time 

w ithout any assistance ( i .e .  verbal or physical cues) .  

1 3 1  



1 .4.2 P roblems wit h  motivation a nd indication 

[ n  early October 2003 , I started having difficulty ident ifying when Apple had located a 

tuatara scent . The changes in her body language were m inute. She o ften ceased search ing 

when she found the scent, no longer looking to me for a game, although she st i l l  reacted 

extremely enthusiast ica l ly when [ approached her w ith positive reinforcement. App le  also 

seemed to  lose her mot ivation to search for tuatara scent .  During scent training exerc ises 

she was c learly uninterested, and I could not get her to  focus, desp ite my best e ffo rts at 

rewarding her for finding the scent with her favourite games, toys, or food. 

I arranged for App le and l to be assessed for the interim cert ificate at the end of October, 

deciding to take a break from scent work unt i l  a fter the test and concentrate so lely o n  her 

obedience work. 

New Zealand conservation dog certification 

The Department of  Conservation has a set of  standards that al l  conservation dogs in New 

Zealand (protected species dogs and predator clogs ) must meet ( Brownc & Stafford, 

2003 ) .  This consists of a certi ficat ion system sp lit into two stages. The init ia l  ' in terim 

training cert ificate ' tests the general obedience of the dogs, the clogs' fitness, how wel l  the 

handlers work with their dogs and the hand lers ' experience with both clogs and the target 

spec ies. The fu l l  cert i ficate is issued on a successful  fie ld assessment of both the dogs and 

handlers working on the targets spec ies. This final stage o ften uses live animals and non­

target species. 

For the rest of  October 2003 I did daily obedience training with Apple.  r focused on 

things we would be examined on in the interim certificate test wh ich included Appl e  

walking a t  heel (on and o ff leash) ;  her sitting and lying down o n  command and s taying 

clown while [ was out o f  s ight ; stopping instant ly on command while at a distance from 

me; coming to me w hen [ cal led her; and working wel l  whi le wearing a muzzle .  We 

trained on our morning walks (usual ly a long the M anawatu river) , at M asscy U niversity 

and at a local dog obedience c lub (TADTC) .  On the morning o f 27 October 2003 we did 

some obedience training in the paddocks at M assey University where the test for the 

interim certificate was to be held .  I n  the afternoon we sat and passed the interim 

certificate. 
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At the end o f  November 2003 , when Apple was 1 8  months o ld, I decided to take a 

s l ight ly di fferent approach to the scent training in an e ffort to increase Apple 's  motivation 

to search. A lthough Apple  could competently detect and locate tuatara scent, I took a step 

backwards in her training to try and get her enthusiast ic about searching again. Using 

tuatara scent inside a perforated jar as usua l, I held her at my side, and threw the jar a few 

metres in front of her. I then told her to "find the tuatara", and released her; she ran to the 

jar and found it easi ly. I reinforced this behaviour immediately with verbal praise and 

p lay. I cont inued with these very simple exercises for several training sessions, a lways 

stopping before App le showed any s igns of boredom. [n each successive sess ion, I 

increased the difficultly o f the exerc ise s light ly, i . e . by throwing scent-containing jars and 

decoy jars, and increasing the number of decoy jars. Her body language was much more 

posit ive : her tail was held high and moving fast, and she was searching well once more . 

Up unt i l  this stage in her t raining, App le had shown no inc linat ion to mouth or retrieve 

the tuatara scent . But when r started throwing the jars directly in front o f  her, she 

sometimes picked them up . I told her to drop them, but did not punish her in any way 

because I d idn't want to dampen her enthus iasm. 

l t  was at this point that [ started to shape Apple 's  behaviour into a c lear indicat ion. I 

eventual ly wanted her to l ie down when she found a tuatara in the fie ld. I set up a l ine of  

s ix jars, two of  which contained tuatara scent. I walked Apple along the  l ine  of  jars, and 

encouraged her to sniff eac h  jar, saying, " find the tuatara". When she came to a scented 

jar, I commanded her to l ie down and immediately reinforced this with verbal praise, p lay 

and somet imes food. The third time we walked a long the line, she lay down when she 

detected the tuatara scent w ithout me prompting her. [ a lso arranged jars in a c irc le and 

d id the same thing, saying "no" if she attempted to mouth the jars. After three days o f  

such training, Apple was lying down independent ly w hen she located the tuatara scent 

approximately 70% of the t ime . 

W hen Apple reached I 9 months o f  age ( December 2003) ,  I started to muzzle her during 

scent train ing exerc ises. I n it ia l ly I put the muzzle on for only part o f  a training session, 

because it  seemed to irritate her, particu larly when s he was searching in long grass .  

gradual ly  increased the length of  t ime I left i t  on during each scent training session. 
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1 .4.3 Apple's  first e ncou nter with l ive tuatara 

I n  mid-Dcccmbcr 2003 (at  1 9  months o ld) , I took App le to Nga Manu Scenic Reserve in 

Waikanac, to participate in their annual ' tuatara dig ' .  They held approximately  400 

capt ive tuatara, and dug them up once a year to monitor their progress by weighing and 

m easuring them. We went there on the final two days o f  the dig. Only a sma l l  number o f  

t uatara remained to be found by this stage, and I took Apple to sec if  she could help locate 

t he final an imals .  

T he tuatara were kept in pens (approximately I x 2.5 m) inside large enc losures. I took 

Apple into an enc losure and showed her one of the tuatara that had a lready been found; 

t h is was her first introduct ion to live tuatara. She was extremely interested in the animal,  

but made no attempt to touch or  mouth it  at al l .  I repeated ·'tuatara" to her several t imes, 

and gave her qu iet verbal pra ise when she remained interested but calm. r al lowed her 

approximately 1 5  minutes to become accustomed to the surround ings . I then l i fted Apple 

up onto the edge of a tuatara pen and let her smell the area. I told her to "find the tuatara", 

and she searched intent ly ( F igure 1 . 1  ( a-b) ) .  She moved very quickly through each pen, 

and r directed her to sni ff into burrows and vegetation. The cond it ions were d ifficult to 

work in, because the ground in many o f  the pens was unstable due to the many burrows 

t he tuatara had dug, and I was concerned that it might col lapse under Apple ' s  weight or 

t hat she may acc idental ly step on a hidden tuatara. Because of this ,  r tried to slow her 

s earching down by keeping her leash short and holding on to her. She lay down in t hree 

p ens, a lthough when I searched these pens I could not find any tuatara. Because I could 

not confirm the presence of an animal, I was unsure whether to reinforce her behaviour or 

not .  I decided to do so, because the ent ire area would have been heavi ly scented with 

t uatara, so it was l ikely she was indicat ing correct ly ( even i f  it was only concentrated 

scent and not an actual animal she had found) .  When someone e lse later searched those 

t hree pens, a tuatara was found in each ;  so she probably had located animals that I fai led 

to fmd myse lf.  
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a) 

b)  

F igure 1 . 1 :  Apple search ing for captive tuatara at  ga Manu Scen ic Reserve, Waikanac. a)  Apple sniffing 

an excavated tuatara burrow; b) Appl e  being directed by m yself to search down another burrow. 

Photos: Rhys M i l ls .  

1 35 



A fter two and a half  hours o f  searching on  the first day, Apple was no longer 

concentrating, so I stopped working with her. On the second day, Apple worked for about 

one and a hal f  hours before losing motivation to keep searching. She did not seem to 

enjoy work ing as much on the second day. I thought that she could be frustrated being 

made to work slowly and careful ly  through the pens; so I d id not push her to keep 

working. 

1 .4.4 Re-traini ng the i ndicati o n  behaviour 

For the next two months ( January and Fcbmary 2004 )  I continued to do scent training two 

or three times per week. App le was rel iably finding the tuatara scent in a l l  exerc ises. 

A lthough she had previously been do ing we l l  with her indication behaviour ( lying down) ,  

i t  now seemed she had once more reverted to displaying very unc lear behaviour when she 

located tuatara scent .  Th is was disappo int ing and frustrating, so I dec ided to again, 

backtrack in her training, and re-teach the indicat ion behaviour step by step. I focused on 

getting her obsessed with part icular toys, which I intended to use as posit ive reinforccrs 

for the indication training. On an a lmost daily basis  I played with her with a small number 

o f  spec i fic toys that she found high ly arousing. Apple was allowed access to these toys 

only when we were playing together, or during scent train ing. 

I used scent boxes to re-train App le ' s  indication behaviour when she was 2 1  months o ld 

( February 2004 ) .  T he boxes were identical in appearance (32  x 22 . 5  x 25  cm) with a 5 cm 

d iameter ho le cut out of one of the ir sides c lose to the ground ( Figure 1 . 2 ) .  I nside the 

boxes were jars ( w ithout lids) ,  fac ing towards the ho le in the box, where scent was 

p laced. I nitial ly only one box contained tuatara scent and four boxes contained empty 

jars. H o lding a toy in one hand, I led App le along the line of  boxes, encouraging her to 

sn iff each box where the ho le was, saying "find the tuatara". When she reached the box 

containing tuatara scent, I immediately praised her verbal ly and p layed vigorously with 

her using one o f hcr  training toys. I varied this exercise by increasing the number of  boxes 

and setting up the boxes in di fferent p laces ( i . e .  inside my house, my backyard, my front 

yard ,  etc . ) .  After four days of this training, with short training sessions (5- 1 5  minutes) up 

to twice dai ly, Apple  was responding extremely well .  She moved along the l ine of boxes 

very quickly, and as soon as she detected the tuatara scent she looked to 
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F i gure 1 .2 :  Example of a scent box . The corner i s  cut out so the jar inside the box is vi sible. The jar either 

contained a tuatara sample or was empty as a decoy. Photo: Clare Brownc. 
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me to p lay with the toy. She appeared to be very motivated to o btain the toy, and 

understood she only got the toy once  she had found the tuatara scent .  At this po int Apple 

seemed to start becoming bored with the exerc ises . They were very s imple tasks, and she 

was able to find the tuatara scent very rapidly. I dec ided to teach her the next step in the 

shaping process, which was to lie down when she located the tuatara scent . Whenever 

App le found the tuatara scent, [ verbal ly praised her and told her to l i e  down. The instant 

she lay down, [ re inforced this behaviour with verbal praise and vigorous p lay. [n the first 

such tra in ing session, we performed t hree repet it ions of the same exerc ise, with me 

prompting her to lie down each t ime. [ n  the second train ing session a few days later, we 

did three exerc ises, and Apple lay down without prompting when she found the tuatara 

scent in the third exerc ise.  After two more training sess ions on d ifferent days, Apple was 

indicating the location o f  tuatara scent by lying down in front o f  it every time. [ then 

returned to hiding tuatara scents inside perforated jars in the paddocks at Massey 

Un ivers ity, around my backyard or ins ide my house if the weather was too bad. We 

cont inued to train up to twice per week.  

1 .4 .5 T rip to Ti riti ri M ata ngi I s l a nd 

I n  Apri l 2004 ( when Apple was 23 months o ld) App le and I trave l led to Tirit iri Matang i 

I s land for five days. The is land is a Scient i fic Reserve in the Hauraki  Gulf, north cast of  

Auck land. S ixty tuatara had been released on the is land five months prior to  our trip . Our 

goal was to ass ist an Auck land Univers ity Master of Science student ,  Jonathan Ru ffe l l ,  

who was studying th is  tuatara populat ion,  by locating the animals .  Although Jonathan had 

recaptured several individuals, the majority o f  the animals had not been s ighted s ince 

their release . 

We searched in areas o f  the is land where the tuatara had origina l ly  been re leased. We 

walked along random transects radiating from the re lease points. Apple strongly indicated 

by instantly lying down at least I I t imes during the trip . She made some of these 

indications in front of what were very l ikely to have been tuatara retreats ( i . e .  burrows 

under fern fronds and leaf l itter), and where there were scratch marks in the so i l ,  

characteristic of  tuatara. Unfortunately, however, [ could not confirm the presence o f  

tuatara o n  any of these occasions because we were required to not d isturb any potential  
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tuatara retreats. When this occurred, I rein forced App le ' s  behaviour with verbal praise 

and p lay, trusting that she had detected tuatara scent . When we had been searching for 

some t ime with no sign o f  App le detecting tuatara scent, I planted some tuatara scent for 

her to find. She a lways found these successful ly. This served to keep her motivated and 

focused on searching (Wasscr et al. , 2004 ) .  

Human searchers found two tuatara o n  separate occasions. The first was during the day in 

an area c lose to where we were searching; the animal did not appear to be well, and we 

only spent about ten minutes with it .  The second tuatara was spotted at n ight; we took it 

back to the bunk house where I trained A pp le  for at least 30 minutes with it . She was very 

interested in both animals .  When r told her to "find the tuatara", she lay down next to 

them. I attempted to reinforce this behaviour with verbal praise and p lay, but on both 

occasions she was more interested in the tuatara. She was extremely focused, but 

remained ca lm and did not attempt to touch or approach e ither of them too close ly. 

I had anticipated App le being distracted by the birds on the island, as she had rece ived 

very little aversion training. North I s land robins ( Petroica australis longipes ) and fantails 

( Rhipidura .fit!iginosa) o ften fo llowed us through the bush. When Apple became ovcrly 

attentive towards these birds, I pun ished her with verba l reprimands and leading her away 

from the birds . Apple was extremely distracted by birds for the first two days, but paid 

them less attention after that. 

App le worked we l l ,  frequently searching in both weather conditions (windless, and either 

dry or extremely wet ) and areas (dense scrub) that made it difficult for scent to move or 

pool .  Unfortunately our DoC permit did not al low us to search at night. G iven that tuatara 

arc nocturnal  reptiles and maximum numbers o f  tuatara arc above ground between 2 1 30-

2230 h (Wal ls, 1 983 ),  night searches would probably have been a more effect ive way to 

search .  However, groups of  people went searching for tuatara at night on severa l 

occasions, and only one tuatara was seen ( the aforementioned one we captured and Apple 

worked with ) .  This suggested that the tuatara were not particularly act ive, which would 

have resulted in very l i t t le scent being spread around. 

After this experience, I concluded that Apple could recognise the scent of tuatara and 

knew how I wanted her to respond when she detected a tuatara. From this po int o n, her 
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training would benefit the most if  trained with only l ive tuatara. Other conservation dog 

trainers I consulted about this agreed. Despite t h is decision, I d id do several training 

sess ions with tuatara scent before go ing to Hamilton with Apple. 

1 .4 .6  T rai ni ng T rip to H a mi l ton 

There arc current ly two other dogs in ew Zea land trained to detect repti les, one is  used 

to locate geckos and the other works with skinks. I n  J une 2004 (Apple was two years and 

one month o ld) ,  we travel led to H amilton for two days to meet with the nat ional co­

ordinator of the DoC conservat ion dog program, John Chcync, and the two other rept i le 

dog handlers, Kcri c i lson and Mandy Tocher ( DoC employees) .  The trip was for us to 

meet, discuss training methods and do some training with our dogs. Hamilton Zoo let us 

have the use o f  a 20 year o ld male tuatara (S. punctatus) for both days. The tuatara was 

p laced inside a sturdy plast ic tube, perforated to a l low airflow, with a removable cap at 

one end ( Figure 1 . 3 ) . This meant the tuatara could be safely hidden in vegetation without 

any chance of it escaping or Apple acc identa lly damag ing it .  

We worked in a patch of native bush within the P irongia Forest Park, outside Hamilton 

c ity.  The tuatara was repeatedly h idden in vegetat ion along the edges of a c learing and in 

the bush, without Apple or myself  seeing where it was placed. I worked Apple on a long 

leash ( Figure ! . 4 )  for the first two searches, and worked her o ff- leash a fter that . She 

found the tuatara each time. On several occasions she returned to me when she had 

located the tuatara, without lying down. When I prompted her to show me where it was, 

she returned to the spot where the tuatara was located, and lay down. l reinforced this 

behaviour with verbal praise and p lay. 

App le lost interest in searching after we had repeated the exercises a number o f  times on 

both  days. When th is  happened, we removed the tuatara from the tube and showed it to 

her. She instant ly became much more animated and was very interested in the animal .  r 

reinforced this interest with verbal praise, and repeated the word "tuatara". When the 

tuatara was hidden in subsequent exerc ises, Apple was much more mot ivated and 

searched real ly wel l .  
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Figure 1 . 3 : Tuatara inside a dog-proof. perforated plast ic  tube. Photo: Clare Brownc . 

Figure 1 . 4: Apple searching for a h idden tuatara, working on a long leash, with John Chcync watching. 

Photo: Kara Goddard. 
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T he final exercises we did wi th  al l  three dogs was to present them with a range o f  non­

target pest species (birds and mammals), and all three rept i le  spec ies ( tuatara, geckos and 

sk inks) .  App le did very we l l  at ignoring all of the pest spec ies, except for one particu larly 

rotten possum that she was interested in. She also successfully ignored both the geckos 

and the skinks, and located the tuatara. Both the gecko- and skink-dctcction dogs a lso 

found their target reptiles, ignoring the non-target spec ies. 

Both the gecko- and skink-dctcction dogs achieved fu l l  cert ification in late 2004. 

1 .5 Mai n taining App l e ' s  Trai ning 

A lthough Apple was st i l l  lying down rel iably when locat ing tuatara scent, her body 

language now changed almost impercept ibly before she did so. After spending some t ime 

searching for live tuatara, she now tensed whenever she detected the scent, and l was able 

to recognise this change in her before she lay down. Be ing aware of this change in 

Apple ' s  behaviour, prior to her indication, made it much easier for me to effective ly 

re inforce i t  when she located a tuatara. 

W hen App le was two years and five months o ld ( early October 2004) ,  John Chcyne came 

to sec how Apple 's  training was progressing. l had not done any scent tra ining with App le 

for several months. This was because l wanted her to focus on actua l animals now, rather 

than their scent.  Unfortunately there was no possibi l ity of getting a l ive animal to train 

w ith without trave ll ing out of town, and John wanted to set up some scent exercises for 

Apple and myself  at Masscy University. The only option was to use tuatara scent w ith 

which I had init ial ly trained her .  The day before our meet ing, I set up four scent exerc ises 

in  a paddock at Masscy U niversity and spent approximately 40 minutes working with 

Apple .  She had retained al l  o f  her training and performed very wel l .  On  the day of our 

meeting John hid three tuatara scents (paper towe ls) in  a paddock o f  long grass and 

regenerat ing native bush. Ne it her Apple  nor I knew where they were located. Apple found 

a l l  three tuatara scents. She located the first two relatively easily, whi le the third took her 

longer to find. We comp leted the entire exerc ise within about  1 5  minutes. 

1 42 



A few days after this meet ing, I took Apple back to Nga Manu Nature Reserve, i n  

Waikanae, for another tuatara dig . I took her into the tuatara enclosures, and she was 

extremely interested and animated. It was going to be too difficult to work in the pens as 

on the previous occasion, however, so we put a tuatara inside the tube we had used in 

Hamilton, and hid i t  in some bush in the reserve. Unfortunately App le was too distracted 

by peop le and b irds, and would not work . I gave up after about I 0 minutes. 

When App le was 2 years and 7 months o ld ( December 2004) ,  I rece ived a dead tuatara 

from DoC, and fTcczc-dried it so it would last longer. I was very p leased by her response 

to the body:  she reacted in almost the same way as to l ive tuatara, and was extremely 

interested in it . For the  next six weeks I se t  up semi-regu lar training sessions wi th  App le 

and the dead tuatara. 

1 .6 Trip to Wellington Zoo 

I n  mid-January 2005 We l l ington Zoo asked if I could bring App le down to search for a 

missing tuatara. We trave l led down on the same day, a fter doing approximately 3 0  

minutes of  training with t h e  dead tuatara in my back yard . W e  searched ins ide the tuatara 

enc losure, which was flat w ith long grass and shrubs; and the area surrounding t he 

enc losure, which was a m ixture of  flat ground and embankment covered in grass and 

shrubs. I ns ide the enc losure Apple immediately located the two tuatara that had already 

been accounted for. But she gave no s ign of detecting any further tuatara scent, e ither 

within the enc losure, or outside the enc losure . Because s he repeatedly indicated the two 

tuatara we knew to be remaining in the enclosure, I was confident that had the missing 

tuatara been present in the areas we searched, Apple wou ld have indicated appropriate ly. 

We searched for about an hour in total, with App le working enthusiast ical ly the who le 

time. 

1 .  7 A version T raining 

Most o f  App le's  train ing has  been focused on  teaching her to  detect tuatara scent and 

indicating her find c learly. S he has received some l imited aversion training. She has been 

introduced to a variety o f  dead mammals and b irds (possums, rabbits, hares a nd 
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chickens), and l ive possums, rab bits and a range o f  com mon exot ic and nat ive b irds 

( inc luding ch ickens, ducks, swans, gul ls, takahc and passcrines) . Whenever we 

encountered these non-target species, I always a l lowed Apple to init ia l ly investigate them, 

without any rein forccment or punishment. When she lost interes t, I called her to me, and 

gave her qu iet verbal praise. I t hen  walked through the area, past the animal, ignoring it 

complete ly. I f  Apple paid excessive attention to the anima l  a nd was not responsive to my 

commands, l punished her by verbal reprimands and removing her from the area. When 

App l e  paid no attent ion to the an imal, l rein forced this behaviour with verba l praise and 

p lay. Further aversion training wi l l  a lso be necessary before we attempt to pass the fu l l  

certification. 

1 .8 Futu re T raining 

l intend to maintain Apple ' s  training by regu larly sett ing up scent exerc ises using the 

dead tuatara, and us ing l ive tuatara whenever possible. We have a trip to Mat iu/Somcs 

I s land, in Well ington Harbour, p lanned for Apri l  2005 .  The a im of this trip is to help 

survey the tuatara population on the is land by find ing as many indiv iduals as possible.  

A fter this trip, I wil l  assess Apple ' s  progress and consider s itt ing the ful l  cert i ficate. To 

date, I do not th ink we have had enough experience working with l ive tuatara to sit the 

test, but the work on Matiu/Somcs I s land may provide this .  
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APPENDIX 2 

TUATARA TRIAL DATES 

Dog 5 enthusiastical l y  retrieving a target c loth at t he Tararua Al lbreeds Dog Training 

C lub. Photo: Clare Browne. 



Dog Trial I - Hand ler ' s  scent Tria l 2 Unfami l iar person 's  scent Tria l 3 - Tuatara-scented paper towels 

1 0  Dee 02 1 7  Dee 02 28 Jan 03 25 Feb 03 4 Mar 03 1 1  M ar 03 1 8  Mar 03 25 Mar 03 I April 03 1 0 J une 03 

2 1 0  Dee 02 4 Feb 03 4 M ar 03 4 Mar 03 1 1  Mar 03 1 8  M ar 03 1 8  M ar 03 25 M ar 03 I April 03 8 April 03 

3 1 0  Dee 02 1 7  Dee 02 2 1  Jan 03 25 Feb 03 4 Mar 03 1 1  M ar 03 1 8  M ar 03 8 April 03 1 5  Apri l 03 1 5  Apri l 03 

4 1 1  Feb 03 1 8  Feb 03 1 9  Feb 03 25 Feb 03 4 Mar 03 1 1  Mar 03 1 8  M ar 03 25 Mar 03 I April 03 8 April 03 

5 1 0  Dee 02 1 7  Dee 02 2 1  Jan 03 25 Feb 03 4 Mar 03 1 1  Mar 03 1 8  M ar 03 25 Mar 03 I April  03 1 0  J w1e 03 

6 3 Dee 02 1 0  Dee 02 1 7  Dec 02 25 Fcb 03 4 Mar 03 1 1  M ar 03 1 8  M ar 03 25 M ar 03 I April  03 8 April 03 

7 3 Dee 02 2 8  Jan 03 4 Feb 03 25 Feb 03 4 Mar 03 I April 03 

8 1 0  Dcc 02 1 7  Dcc 02 1 1  Feb 03 25 Fcb 03 4 Mar 03 1 1  Mar 03 1 8  Mar 03 25 Mar 03 I April 03 8 April 03 

9 1 0  Dec 02 1 7  Dec 02 28 Jan 03 

Dog Tria l 4 - Tuatara seats Tria l S - Tuatara skins Tria l 6 - Al l  3 tuatara scents Tria l 7 - Weathered seats 

I 24 J une 03 2 Ju ly  03 

2 1 1  J u l y  03 1 1  July  03 

3 1 3  M ay 03 20 May 03 

4 1 3  M ay 03 27 M ay 03 

5 24 J une 03 2 J u l y  03 

6 1 3  May 03 20 M ay 03 

7 
8 1 3  M ay 03 27 May 03 

9 

- Dogs withdrawn from the study. 

+::-0\ 

4 Ju ly  03 8 Ju ly  03 

2 9  Ju ly  03 29 J uly  03 

27 May 03 8 Ju ly  03 
24 J w1e 03 8 Ju ly  03 

4 J uly  03 8 July 03 

1 0  June 03 8 J u l y  03 

24 J un e  03 8 Ju ly  03 

1 5  .J u ly 03 2 9 Ju ly 03 

29 Ju ly 03 1 4  Oct 03 5 Aug 03 9 Sept 03 9 Sept 03 7 Oet 03 1 4  Oct 03 1 1  Nov 03 

1 5  Ju ly 03 22 J u l y  03 5 Aug 03 2 Dec 03 2 Dec 03 4 Nov 03 4 Nov 03 1 1  Nov 03 

1 5 Ju ly 03 22 J u l y  03 5 Aug 03 1 2  Aug 03 2 Sept 03 7 Oct 03 4 Nov 03 25 Nov 03 

1 5  .J u l y 03 22 J u l y  03 5 Aug 03 2 Sept 03 2 Sept 03 4 Nov 03 4 Nov 03 1 1  Nov 03 

1 5  Ju ly  03 29 J u l y 03 5 Aug 03 1 2  Aug 03 2 Sepl 03 

1 5  July 03 22 J u ly 03 5 Aug 03 1 2  Aug 03 2 Sept 03 7 Oct 03 4 Nov 03 25 Nov 03 



APPENDIX 3 

GECKO TRIAL DATES 

Dog 20 taking off during a scent exercise at the Feilding Dog Training Club. 

Photo: Louise June. 



Dog 
Trial ! - Tria l 2 - Unfamil iar person ' s Trial 3 - Green gecko-scented paper 

Trial 4 - Green gecko seats, sk ins 
Hand ler's scent scent towels, seats, skins 

4 5 May 03 1 2  May 03 26 May 03 23 J une 03 3 0  J un e  03 1 2  Ju ly  03 

8 5 May 03 1 2  May 03 26 M ay 03 23 June 03 3 0  J une 03 1 2 J uly 03 

1 0  3 1  Mar 03 7 April 03 1 4  Apri l 03 28 Apri l 03 5 May 03 1 2 May 03 26 May 03 

1 1  3 1  Mar 03 7 April 03 1 4  Apri l 03 28 Apri l 03 5 May 03 1 2  M ay 03 26 May 03 30 J une 03 28 J u l y  03 29 Oet 03 

1 2  3 1  Mar 03 7 April 03 1 4  Apri l  03 28 Apri l 03 5 May 03 1 2  May 03 26 May 03 1 6 J une 03 23 J une 03 30 J une 03 

1 3 3 1  Mar 03 7 April 03 1 4  Apri l 03 28 April 03 5 May 03 1 2  May 03 26 May 03 1 6  J une 03 23 June 03 30 J une 03 

1 4  3 1  Mar 03 7 Apri l  03 1 4  Apri l 03 28 Apri l 03 5 May 03 

1 5 3 1  Mar 03 7 April 03 1 4  Apri l 03 28 Apri l 03 5 May 03 1 2  May 03 26 May 03 1 6  June 03 23 J une 03 30 J une 03 

1 6  3 1  Mar 03 7 April 03 1 4  Apri l  03 28 Apri l 03 5 May 03 1 2  May 03 26 May 03 

1 7  3 1  Mar 03 7 April 03 1 4  Apri l  03 28 Apri l 03 5 May 03 1 2  May 03 26 May 03 1 6  June 03 23  J une 03 30 J une 03 

1 8  3 1  Mar 03 7 April 03 1 4  April 03 28 Apri l 03 5 May 03 1 2  M ay 03 

1 9  3 1  Mar 03 7 April 03 1 4  April 03 28 April 03 5 May 03 1 2  May 03 26 May 03 1 6  June 03 23 J une 03 30 June 03 
20 3 1  Mar 03 7 April 03 1 4 Apri l 03 28 Apri l 03 1 2  May 03 1 9  May 03 1 2 July 03 1 6 J une 03 23 J une 03 3 0  J une 03 

Dog Trial 5 - Al l  three green gecko scents Tria l 6 - Two gecko species Trial 7 - Weathered green gecko seats 

4 1 4  Ju ly  03 2 1  Ju ly  03 28 J u l y  03 4 Aug 03 1 1  Aug 03 1 8  Aug 03 I Sept 03 6 Oet 03 1 3  Oet 03 20 Oet 03 

8 1 4  Ju ly  03 2 1  Ju ly  03 28 Ju ly  03 4 Aug 03 1 1  Aug 03 1 8  Aug 03 I Sept 03 6 Oet 03 1 3  Oet 03 20 Oct 03 

1 0 
1 1 1 4  Ju ly  03 2 1  Ju ly  03 28 J u l y  03 4 Aug 03 1 1  Aug 03 1 Scpt 03 1 Scpt 03 6 Oct 03 1 3  Oct 03 20 Oct 03 

1 2  1 4  Ju ly  03 2 1  Ju ly  03 28 Ju ly  03 4 Aug 03 1 1  Aug 03 1 8  Aug 03 1 Scpt 03 6 Oct 03 1 3  Oct 03 20 Oct 03 

1 3  1 4  July 03 2 1  Ju ly  03 28 Ju ly  03 4 Aug 03 1 8  Aug 03 I Scpt 03 I Scpt 03 

1 4  
1 5  2 1  J u ly 03 2 8  July 03 29 Oct 03 4 Aug 03 1 1  Aug 03 1 8  Aug 03 1 Scpt 03 6 Oct 03 1 3  Oct 03 20 Oct 03 

1 6 

1 7  1 4  Ju ly  03 2 1  Ju ly  03 2 8  J u l y  03 4 A ug 03 1 1  Aug 03 1 8  A ug 03 1 Sept 03 6 Oct 03 1 3  Oct 03 20 Oet 03 

1 8 
1 9  1 4  Ju ly  03 2 1  Ju ly  03 2 8  J u l y  03 4 Aug 03 1 1  Aug 03 1 8  Aug 03 1 Scpt 03 6 Oct 03 1 3  Oct 03 20 Oct 03 

20 1 4  July 03 2 1  Ju ly  03 28 J u l y  03 4 Aug 03 1 1  Aug 03 1 8  Aug 03 1 Scpt 03 6 Oet 03 1 3 0ct 03 20 Oct 03 

- Dogs with drawn from the study 

-

� -..J 

-



APPENDIX 4 

TUATARA SAMPLE DETAILS 

Pieces of tuatara (Sphenodon punctatus) skin ,  used to scent target and decoy c loths. 

Photo: C lare Browne. 



Details o f  tuatara (S. puncta/us) samples co llected from Nga Manu Nature Reserve and 

used to scent target and decoy c loths. 

Species of an i mal 

Sample type 

Location 

Date and time collected 
Est imated age of sample 

Desc ription of habitat 

Diet of ani mal( s) 

Age of an imal( s) 
Sex of an imal(s) 

Date sample frozen 
Col lecto r's name 

Species of animal 

Sam ple type 

Location 
Date and time collected 

Estimated age of sample 

Desc ription of habitat 

Diet of ani mal( s) 
Age of animal( s) 

Sex of animal( s) 

Date sample frozen 

Collecto r's name 

Species of animal 

Sam ple type 
Location 

Date and time collected 

Estimated age of sample 

Descri ption of habitat 

Diet of animal(s) 

Age of animal(s) 

Sex of animal(s) 

Date sample frozen 
Col lector's name 

Stephens I s land tuatara (S. punctatus) .  

I scat. 
Nga Manu Nature Reserve, Waikanae. 
23 Ju ly 2002 . 
24 hours. 
Tuatara was placed in a holding box for 24 hours . 
I nvertebrates .  
2 years . 
Unknown. 
1 4  August 2002 . 
Bruce Benseman. 

Stephens I s land tuatara (S. puncta/us) .  

2 seats. 
ga Manu Nature Reserve, Waikanae. 

23 August 2002 ; 1 348 .  

48  hours. 
Tuatara was placed in a ho lding box for 48 hours . 
Invertebrates. 
2 . 5  years. 
Unknown. 
26 August 2002 . 

Bruce Benseman. 

Stephens I s land tuatara (S. punctatus) .  

An a lmost entire sk in .  
Nga Manu ature Reserve, Waikanae . 
August 2002 . 
One week.  
Outdoor enc losure. 
Invertebrates. 
Unknown. 
Unknown. 
29 August 2002 . 
Bruce Benseman. 
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Species of animal 

Sample typ e  

Location 
Date and t i me coUected 

Estimated age of sample 
Description of habitat 

D iet of ani m al{s) 

Age of ani m al(s) 
Sex of ani m al(s) 

Date sample frozen 
Collector' s name 

S tephens I s land tuatara (S. punctatus). 

Numerous paper towels and seats .  
Nga Manu Nature Reserve, Waikanae. 
November 2002, 2003 , 2004; at various t imes during the day. 
0-3 days. 
Tuatara were p laced in p lastic buckets containing mo ist paper 
towels for up to 3 days. 
I nvertebrates. 
Juvenile. 
M ixed. 
I mmediately upon co l lect ion .  
C lare Brownc.  
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APPENDIX 5 

GECKO SAMPLE DETAILS 

Pieces of Marlborough green geck o  (Naultinus manukanus) skin, used to scent target and 

decoy cloths. Photo: Clare B rowne. 



Samples o f  Marlborough green gecko (N manukanus) and forest gecko (H. granulatus) 

samples co l lected from V ictoria Universi ty of Wel l ington and private breeders Roger and 

Barbara Watkins respect ively. The samples  were used to scent target and decoy c loths. 

5.1 Mar l borough gree n gec ko sa mple i n formation 

Species of animal 

Sample type  

Location 

Date an d t ime collected 

Estimated age of samp le 

Descriptio n  of habitat 

Diet of an i mal( s) 

Age of an imal( s) 
Sex of animal( s) 

Date samp le frozen 
Collector' s name 

Species of animal 

Sample ty pe 

Location 
Date and t ime collected 

Estimated age of samp le 

Description of habitat 

D iet of animal(s) 

Age of animal(s) 
Sex of animal(s) 

Date sam p le frozen 

Collecto r ' s  name 

Marlborough green gecko (N manukanus ) .  

Paper towels  ( 25  col lect ions of  individual and/or multiple 
towels). 
Seats (27 co l lections of sometimes single seats, but mainly 
numerous seats) . 
Sk ins ( 7  eo l l ect ions of  most ly skin fragments) .  
Victoria University of Wel l ington, Wel l ington. 
Apri l  2003 , col lected almost dai ly, at various t ime during the 
day. 
Paper towels < 5 days ( average) .  
Seats < 5 days (average) . 
Sk ins < 3 . 5  days (average) .  
P last ic containers/grass. 

Wattie ' s  -g; canned baby food (pear flavour) ,  meal worms 
( Tenebrio molitor), moths ( Lepidoptera) and blowfl ies 
( Calliphora spp . ) .  
Juveniles and adu lts. 
M ixed. 
f mmediate ly upon collec t ion.  
Kel ly Hare .  

Marlborough green gecko (N.  manukanus ) .  

Paper towel s  ( 1 7  col lect ions of individual and/or mult iple 
towels) .  
Seats (20 co l lections of  somet imes single seats, but mainly 
numerous seats) .  
Skin ( I  co l lection) .  
Victoria University o f  We l l ington, Wel l ington. 
May 2003 ,  co llected approximately every third day, at 
various t imes during the day. 
Paper towels < 8 days (average) .  
Seats < 7 days (average) .  
Skin < I day. 
P last ic containers/plastic tubes. 

Wattie ' s® canned baby food (pear flavour) ,  mealworms 
( Tenebrio molitor) , moths ( Lepidoptera) and b lowfl ies 
( Calliphora spp . ) .  
Juveniles and  adu lts. 
M ixed. 
I mmediate ly  upon co l lec t ion.  
Kel ly H are. 
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Species of ani m al 

Sample type 

Location 

Date and time c oUected 
Esti mated age of sample 

Description of h abitat 

Diet of animal(s )  

Age o f  animal(s)  
Sex of animal( s) 

Date sample frozen 
Collecto r's nam e  

Species o f  an i m al 

Sample ty pe 

Location 
Date an d time collected 

Esti mated age of sample 

Descri ption of h abitat 
Diet of animal(s )  

Age o f  animal(s) 

Sex of an imal( s) 

Date sample frozen 

Collecto r's n am e  

M arlborough green gecko (N. manukanus) .  

Paper towel ( I  col lect ion). 
Seats (3 col lections) .  
Sk in ( I  col lection) .  
V ictoria University o f  Wel l ington, Well ington. 
1 9  June 2003 ; 1 000 .  
Paper towe l < 1 4  days. 
Seats < 1 4  days. 
Sk in < 14 days . 
P last ic containers/metal enc losure. 

Wattie ' s® canned baby food (pear flavour), meal worms 
( Tenebrio molitor), moths ( Lepidoptera) and blowfl ies 
( Calliphora spp . ) .  
Juveniles and adults. 
M ixed. 
I mmediate ly upon co llect ion. 
Kelly Hare . 

Marlborough green gecko (N. manukanus) .  

Paper towel ( I  col lect ion) .  
Sk in ( I  collection ) .  
V ictoria University o f  Well ington, Well ington.  
3 1  Ju ly 2003 ; 0945 .  

Paper towel < 2 days. 
Sk in < 2 days. 
P last ic container. 

Wattic ' s & canned baby food ( pear flavour), mealworms 
( Tenebrio moliror), moths ( Lepidoptera) and b low fl ies 
( Calliphora spp . ) .  
Adults. 
M ixed. 
I mmediately upon eo l lcction. 
Kel ly Hare . 
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Species of animal 

Samp le type 

Location 

Date and time coUected 

E sti mated age of samp le 

Desc ription of habitat 

Diet of animal(s) 

Age of animal(s) 

Sex of animal( s) 

Date sample frozen 
Collector's name 

Species of animal 

Sam ple type 

Location 

Date and time collected 

Estimated age of samp le 

Descri ption of habitat 
Diet of animal(s) 

Age of animal(s) 
Sex of animal(s) 

Date sample frozen 
Collector's name 

Marlborough green gecko (N manukanus). 

Seats ( 1 3  co llect ions of sometimes single seats, but mainly 
numerous seats) .  
Skins (4 collections o f  mostly skin fragments) .  
V ictoria Univers ity o f  Wel l ington, Wel lington .  
August 2003, co l lected approximately every second day, at 
various times during the day. 
Seats < 2 days (average) . 
Sk ins < 3 days (average) .  
P last ic container. 

Wattie ' s® canned baby food (pear flavour) , meal worms 
( Tenebrio molitor), moths (Lepidoptera) and b lowfl ies 
( Calliphora spp . ) .  
Juveni les and adults. 
M ixed. 
I mmediately upon co l lec t ion. 
Kel ly H are. 

Marlborough green gecko ( N.  manukanus) .  

Seats ( I  0 co llections o f  sometimes single seats, but mainly 
numerous seats) .  
V ictoria Univers ity of Wel l ington, Wel l ington. 
September 2003 , co l lected approximately every third day, at 
various t imes in the morn ing . 
Seats < 2 days (average) . 
P last ic container . 

Wattie 's® canned baby food (pear flavour), mealworms 
( Tenebrio molitor), moths (Lepidoptera) and b lowfl ies 
( Calliphora spp . ) .  
Adults. 
M ixed. 
l mmediately upon co l lection. 
Kelly Hare. 
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S pecies of animal 
Sample type 

Location 
D ate and t ime collected 

E stimated age of sample 

Description of habitat 

D iet of animal(s) 

Age of animal(s) 

Sex of an imal(s) 
D ate sample frozen 

C ollector's name 

M arlborough green gecko (N. manukanus) .  
Seats (6 col lections of sometimes single seats, but  mainly 
numerous seats ) .  
Sk ins ( 1 2  collect ions of most ly skin fragments) . 
V ictoria University of Wel l ington, Well ington.  
October 2003 , col lected approximate ly every 3/4 days, at 
various t imes in the morn ing . 
Seats < 2 days (average) . 
Sk ins < 2 days (average) .  
P lastic container. 

Wattic ' s® canned baby food (pear flavour), mealworms 
( Tenebrio molitor), moths (Lep idoptera) and b lowfl ies 
( Calliphora spp. ) .  
Adults. 
M ixed . 
I mmediate ly upon co l lect ion .  
Ke l ly  Hare. 

5.2 Forest gecko sample information 

S pecies of animal 
Sample type 

Location 

Date and t ime collected 

Estimated age of sample 

Description of habitat 

D iet of animal(s) 

Age of animal(s) 

Sex of animal( s) 

Date sample frozen 
Collecto r' s name 

Forest gecko (H. granulatus) .  

Numerous seats. 
ew P lymouth. 

2 1  April  2003 . 

1 -2 weeks. 
Cage, sandy floor overla id with totara need les, dead branches 
and potted nat ive plants. 
M oths and flies.  
5 years .  
M ixed . .  
2 9  April 2003 . 
Barbara Watk ins. 
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