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Summary 
 
Project and Client 
The purpose of this project was to determine the accuracy of indices derived from bite-
marks on WaxTags (WTM) as a method to measure possum density, trends and 
distribution. The work was carried out by Pest Control Research Ltd (PCR) between 
January 2004 and June 2007 for the Animal Health Board (AHB). 
 
Objectives 
To determine the accuracy of the WTM by: 

1. Measuring the accuracy of bite-mark identifications. 
2. Comparing WaxTag indices with population size. 
3. Determining whether contagion influences the accuracy of WaxTag indices. 
4. Comparing population trends and kills calculated from trapping and DNA 

analysis with trends and kills calculated from WaxTag indices. 
5. Comparing possum mapping using grid trapping with population mapping using 

the WTM. 
 
Methods 

• A total of 29 observers were given unidentified samples of 40 WaxTags 
containing simulated bite-marks from skulls of possum (20) rat (12) hedgehog (6) 
and rabbit (2) and asked to identify the species making the bite-marks. Accuracy 
of the bite-mark identification was determined from the proportion correctly 
identified. 

• Possum population size was measured independent of this study at 2 sites, 
(Catlins and Pureora) by Landcare Research NZ Ltd staff using grid trapping 
involving live-capture, tag and release and DNA analysis of tissue and faecal 
material. Four samples at each site were measured i.e. pre-poison and post-poison 
1, 2 and 3. Possum control was undertaken at the sites using cyanide (Feratox and 
cyanide paste, Catlins) and 1080 coated carrot bait (Pureora). 

• Immediately after possum population size was measured WaxTag indices of 
possum abundance (i.e The Tag Station Index or TSI and the Bite-mark Index or 
BMI) were measured using WaxTag cruciform grids. These were regressed 
against population size to determine their accuracy. 

• The results were examined to determine whether possums had actively searched 
for WaxTags which inflates indices of possum abundance (called contagion). This 
was undertaken by examining the rates possums bit the WaxTag cruciforms over 
a 10 night period and also the proportion of WaxTags bitten within cruciforms. 

• The ability of the WTM to measure population trends was determined by 
comparing trends using histograms. Possum kills were calculated as the percent 
reduction calculated from pre- and post-poison capture and release measures and 
TSI and BMI indices. 

• The ability of WaxTags to map possum distribution was determined by mapping 
the locations of possum captures and bitten WaxTags. The distance between 
capture sites and bitten cruciforms was measured and the mean distance 
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calculated. Mean distances close to 60 m were used as an indication the WaxTags 
accurately measured possum presence.  

 
Results 

• Observers identified simulated possum bite-marks with a 99% level of accuracy. 
• TSI and BMI indices accurately defined possum abundance (R2 = 0.86 to 0.99) 

with the BMI being significantly more accurate than the TSI.  
• There was evidence that saturation reduced the accuracy of the TSI index when a 

population size of approximately 3.5 possums/ha or 18% RTCI was included in 
the analysis. However no evidence of saturation was found for the BMI WaxTag 
index at the population densities measured. 

• There was evidence to suggest that WaxTag indices measured immediately after 
poisoning with cyanide paste underestimated possum abundance for nights 1, 2 
and 4. We attributed this to WaxTag and/or lure wariness caused by cyanide 
shyness. This was not evident for nights 7 and 10. 

• The TSI indices reached an asymptote for 8 of the 9 samples and the BMI indices 
reached an asymptote for 6 of the 9 samples. WaxTag cruciforms had similar 
proportions of 1, 2, 3, 4 or 5 WaxTags bitten. These results suggested that no 
contagion had occurred. 

• Histograms showed that population trends determined from TSI and BMI indices 
closely reflected trends in measurements of population size. Possum kills were 
calculated within 0 to 9% of kills measured from live capture and release. 

• The mean distance between possum locations and bitten cruciforms was 70.6 ± 
15.3 m indicating the WaxTags accurately indicated the presence of possums. 
However a large gap where possums failed to be detected was observed on the 
Catlins post-poison 1 map. We attributed this to WaxTag and/or lure wariness 
caused by cyanide paste shyness. When this sample was removed a mean distance 
of 56 ± 6.7 m was recorded. The maps also showed a northern ‘invasion front’ of 
possums for the Catlins post-poison 1 and 3 samples.   

 
Conclusions 

• Simulated possum bite-marks on WaxTags could be differentiated, with a high 
level of accuracy (99%), from those of rat, hedgehog and rabbit. 

• The TSI and BMI indices measured possum population size with a high level of 
accuracy.  

• The BMI estimates were significantly more accurate than the TSI estimates.  
• The relationship between BMI estimates and possum population size appeared to 

remain linear even when population size reached 3.5 possums/ha (approx. 18% 
RTCI). However there was evidence that saturation occurred at these levels when 
using the TSI.  

• Possum kills measured using TSI and BMI indices were within 9% of kills 
calculated using possum capture and release and reductions in measures of 
possums per ha. 

• The TSI and BMI indices provided realistic and meaningful measures of possum 
population trends over the 9 month sampling periods.     
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• No evidence was found to suggest that contagion reduced the accuracy of TSI and 
BMI indices. 

• Population mapping using WaxTags accurately mapped the location of possums 
with the exception of 1 of 5 samples.  The mapping also identified concentrations 
of possums that appeared to be an ‘invasion front’. These results suggest that the 
WTM could provide a cost-effective means to identify possum clusters and at the 
same time provide accurate measures of possum abundance. 

• For one of 8 samples there was evidence that possums were wary of the WaxTags 
or lure or both. This was attributed to sub-lethal exposure to cyanide paste i.e. 
cyanide shyness. For the purposes of possum monitoring using WaxTags this 
wariness appeared to disappear after 7 nights sampling. However for possum 
mapping the WaxTags failed to identify the presence of possums in a large area 
(approximately 30ha) in the south eastern portion of the Catlins study site. 
WaxTag/lure wariness did not appear to occur after Feratox or 1080 baiting. 

• The WaxTag method described in the current national NPCA WaxTag protocol 
may reduce the sensitivity of the WaxTags compared to the results in this study 
because the flour and icing sugar and fruit oil lures have been replaced with a 
photo luminescent lure. Investigation into a rat and rain resistant taste and smell 
lure as an alternative to the flour lure could increase WaxTag sensitivity to the 
level achieved using the flour lure used in this study. 

 
Recommendations 

• The BMI index should be used as the WaxTag measure of possum abundance. 
The TSI is less accurate and should be removed from the current WaxTag 
protocol. 

• The BMI can be used as an accurate and more cost-effective alternative to the 
TCM for monitoring low-density possum populations where appropriate. This 
recommendation is more pertinent where ground birds are present and where 
terrain and vegetation density make trap setting difficult. However, in the case of 
performance monitoring, the authors recognize that some contractors require 
direct evidence in the form of a possum carcass rather than bite-marks to 
determine whether they meet performance targets.  

• The BMI can be used as an index to accurately measure possum kills. 
• The WTM can be used as a cost-effective means to map possum distribution and 

to identify the location and size of possum clusters. This is likely to be most 
effective using a grid pattern as demonstrated in this study. 

• The 7 night monitoring period should remain in the WaxTag protocol to maximise 
data collection and to minimise the influence of any WaxTag and /or lure wary 
possums. However the 3 night option should be retained for possum monitoring in 
steep terrain where access is difficult. 

• The potential that possums will become wary of WaxTags when they are used 
after cyanide paste baiting should be stated in the WaxTag protocol to caution 
those monitoring possums in areas where cyanide paste has been recently used. 

• A study should be conducted to compare the relative attractiveness of a flour and 
icing sugar blaze the fruit oil lure the photo luminescent lure and a rat and rain 
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resistant bait. This research has the potential to increase the sensitivity of WaxTag 
use as defined in the current WaxTag protocol.  

• A study should be undertaken to determine whether cyanide-shy possums become 
wary of the flour and icing sugar lure used for possum monitoring when using 
traps and WaxTags and to identify ways to mitigate the problem if it occurs. 
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1. Introduction 
 
The purpose of this project was to determine the accuracy of indices derived from bite-
marks on WaxTags as a method to measure possum density, trends and distribution. The 
work was carried out by Pest Control Research Ltd (PCR) between January 2004 and 
June 2007 for the Animal Health Board (AHB). 
 

2. Background 
 
AHB Requirements 
The AHB requires accurate and cost-effective methods to monitor possum (Trichosurus 
vulpecula) populations so that it can make sound management decisions about how to 
reduce the incidence of bovine tuberculosis (Tb). These decisions need to be based on 
accurate answers to the following questions. 

1. When do possum populations reach a density when control is necessary?  
2. Have possum control contractors reduced possum populations to specified target 

levels? 
3. How often do possum control operations need to be repeated? 
4. Where are remnant possum clusters and what is their size? 

 
The trap-catch method (TCM) 
Currently the AHB relies heavily on the TCM (Batcheler et al. 1967) as its primary 
means of answering the above questions. The TCM works by providing an estimate of 
possum density derived from the proportion of leg-hold traps (Fig. 1) that capture 
possums over a 3 night period. Density estimates using the TCM are called the residual 
trap catch index or RTCI. This method has been standardised by the development of a 
protocol (NPCA, 2004) so that measures of possum abundance using the TCM can be 
compared nationally. The establishment of the TCM and its protocol has revolutionised 
the possum control industry by providing it with a means of measuring and comparing its 
performance nationwide.  

 
 
Fig. 1.  A Victor No. 1 leg-hold trap used to measure possum abundance using the NPCA 
trap-catch protocol. 
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However the TCM has deficiencies that limit its usefulness. These are: 
1. It threatens flightless birds such as weka (Gallirallus australis) and kiwi 

(Apteryx sp.) which can be maimed or killed if captured in leg-hold traps (Reid 
1983).  An attempt has been made to overcome this problem by raising traps 
above ground but this is labour intensive and can reduce the ability of the 
method to detect possums (Thomas & Brown 2001).   

2. It is labour intensive because leg-hold traps are required by law to be checked 
daily (Animal Welfare Act 1999). Leg-hold traps are also heavy which 
restricts sample sizes thereby reducing the precision of RTCI estimates 
(Brown and Thomas 2000).  

3. It is less suited to monitoring low-density possum populations because low 
catches and many non-catches reduce the accuracy of the RTCI estimates 
(Fraser et al. 2002). 

4. It removes possums from the population so lines need to be moved when 
undertaking trend monitoring. 

5. It is also used for possum control which could cause bias.   
6. It can underestimate possum abundance immediately after control (Forsyth et 

al. 2003). 
7. It is not suitable for detecting remnant possum clusters (Ramsey and Ball 

2004). 
 
The bait interference method (BIM) 
In 1970 the BIM was developed for possum monitoring (Bamford, 1970) and was seen as 
a way to overcome the problem of possums being removed from the monitored 
population as occurs with the TCM. The BIM uses the frequency of non-toxic baits eaten 
as an index of possum density.  The device used consists of a non-toxic flour-paste bait 
located in a bottle top attached to the top of a wire stake (Fig. 2). The wire stake prevents 
rats from eating the baits. Bamford (1970) used the poisson distribution to estimate the 
number of possums interfering with baits. He was able to show that reductions in possum 
populations resulting from 1080 poisoning could be measured using the BIM.  
 

 
 
Fig. 2. The device used for the bait interference method. It consists of a bottle top 
containing a flour paste bait located on a wire to prevent interference by rats. Rats are 
further deterred using a tin lid located half-way down the wire stake. 
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 In a further development Jane (1979) showed that log transformed estimates of possum 
density calculated from the BIM were correlated to log transformed density estimates 
calculated from the TCM (r = 0.71). Spurr (1995) showed that possum density calculated 
using the BIM was significantly correlated with possum kills from poisoning using 
cyanide paste (r = 0.958) with and without log transformations. Spurr (1995) concluded 
that possum numbers were “more strongly correlated with percentage bait interference 
over several nights compared with 1 night”.  
 
A major problem with the BIM was identified by Bamford (1970). He recorded a steady 
increase in bait interference over time caused by possums learning where the palatable 
baits were and actively seeking them out. This resulted in most of the baits being eaten 
over a period of 10 days which erroneously inflated the density estimates. Bamford 
(1970) called this phenomenon contagion. He successfully overcame the problem by 
increasing bait spacing from 20 m to 40 m. This success was confirmed by Jane (1979) 
and Spurr (1995).  
 
The results from these studies indicated that the BIM can measure possum density with a 
suitable level of accuracy. Consequently the method was used as an industry acceptable 
possum monitoring method to measure possum kills (Clarey et al. 1992). However the 
method was not readily taken up by the possum control industry because of the following 
reasons: 

1. It could not differentiate between possums and non-target animals such as birds, 
rabbits and deer. This reduced accuracy (Jane 1979). 

2. Contagion was still perceived to be a problem despite the 40 m bait spacing.  
3. The requirement of daily checking and bait replacement meant it was labour-

intensive and therefore costly. 
4. It was not validated by comparing BIM indices with other measures of population 

size. 
5. The introduction of the TCM with its national protocol reduced the need for an 

alternative method.   
 
The Wax block method (WBM)  
In order to help overcome some of the deficiencies identified in the TCM and BIM a new 
bait interference method was developed in the late 1990’s using possum bite-marks in 
wax blocks (Thomas et al. 1999).  Wax blocks consist of a lump of wax located on a stick 
which is pushed into the ground (Fig. 3). The advantage of wax blocks is that they are 
able to detect individual species from the shape and size of tooth impressions left in the 
wax. This means that elaborate methods such as wire stakes and tin lids (Bamford 1970) 
are not necessary. Also wax, unlike the flour paste, is not palatable so contagion is less 
likely to occur. Thomas et al. (1999) used wax blocks to monitor a possum control 
operation using 1080 poisoned bait and found that the method could detect a population 
decline following poisoning.  
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Fig. 3.  A wax block used to identify the presence of possums from tooth impressions left 
in the wax. Because bite-marks are species specific possums can be distinguished from 
non-target animals such a rats.  
 
Warburton et al. (2004) showed that possum kills calculated using pre- and post-poison 
estimates derived from the TCM and the WBM were correlated with actual possum kills 
calculated using mortality sensing radio transmitters, R2 = 0.91 and 0.66 for the TCM and 
WBM respectively. They concluded that possum interference rates on the wax blocks 
were consistently less than the percentage catch in traps and observed that at lower 
possum densities wax blocks were less likely to detect possums than the TCM. They also 
indicated that low possum detection rates were most likely due to the wax blocks being 
less visible to possums than traps which were accompanied with a flour blaze. This 
deficiency was earlier identified by McGlinchy and Warburton (2000) who suggested 
that the visibility of wax blocks could be improved by attaching them to trees and using 
them in conjunction with a flour blaze.  
 
The WaxTag method (WTM) 
In 2001 PCR recognized that there was a need for a light-weight possum monitoring 
device. This led to the development of the WaxTag. The WaxTag consists of a wax block 
attached to a plastic tag that can be nailed to a tree (Fig. 4). The plastic tag increases the 
visibility of the wax block and this can be further enhanced using a flour and icing sugar 
blaze. PCR owns the intellectual property associated with the WaxTag in the form of a 
patent (NZ patent no. 516900) and a registered design (NZ design no. 402424).  The 
WaxTag is sold by PCR for $0.85c + GST. Since the development of the WaxTag several 
studies have investigated its ability to monitor and map possum populations.  
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                                                                                                                                      (Steve Hix)  

Fig. 4. WaxTags (left) were developed by Pest Control Research Ltd specifically for 
possum monitoring and were designed to overcome the deficiencies associated with the 
bait interference and trap catch methods. The device consists of a wax block located on a 
plastic tag, to improve visibility (left). Possum bite-marks are shown on the WaxTag 
(right). 
 
Previous research studies investigating the use of WaxTags  
Bearman 2002.  
This study compared possum monitoring using the TCM and WTM. In addition 
observations of possum behaviour around WaxTags were made at two sites using video 
equipment. WaxTags were located on 10 lines at two sites, one that contained very high 
and one that contained very low possum densities. The WaxTag lines consisted of 4 
WaxTag cruciforms containing 5 WaxTags located at 10 m spacings in the form of a 
cross (Fig. 8). The cruciforms were spaced 100 m apart. The cruciform design was used 
to negate perceived contagion problems that might occur and to maximize possum 
interference at the cruciform site. The WaxTags were used with a flour and icing sugar 
blaze and left in the field for 2 nights. A WaxTag index was calculated as the mean 
number of WaxTags bitten (this is later referred to as the Bite Mark Index or BMI). 
Results were compared with results from 10 trap lines located at each site using the TCM.  
 
Results showed that possum monitoring using WaxTags was approximately 20% more 
cost-effective than using the TCM. Also WaxTag cruciforms were better able to detect 
the presence of possums (hereafter called sensitivity) than leg-hold traps which failed to 
detect possums at the low-density site. The video observations showed that at one site 
some possums failed to bite the WaxTag even though they were observed eating the flour 
lure. 
 
Thomas et al. 2003.  
This study compared possum density indices calculated using WaxTags with the TCM. 
The field methods for WaxTags were identical to those used for the TCM i.e. 10 
WaxTags per line at 20m spacings and used with a flour blaze. WaxTag and trap lines 
were located in pairs at least 100 m apart to minimize interference between lines. A total 
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of 71 pairs were used. WaxTags were checked and replaced daily for 3 fine nights as is 
the standard for trap-catch.  Results showed that the WaxTag lines were significantly 
more sensitive than trap lines with 66 WaxTag lines compared to 57 trap lines detecting 
possums.  
 
Fraser et al. 2004.  
This study compared the sensitivity of 3 devices, polymer bait, acrylic sealant on packing 
tape and WaxTags for mapping the distribution of possum populations. Conclusions were 
that “WaxTags were the best of the three mapping tools compared but further research is 
required to determine whether contagion might be a problem with these devices.”  
 
Thomas et al. 2004.  
This study compared possum density indices derived from the TCM and WTM. The 
study provided a direct comparison of the sensitivity of the methods because trapping 
followed WaxTag monitoring on the same monitoring lines. The WaxTag lines consisted 
of lines of 3 WaxTag cruciforms (Fig.  8) spaced at 100 m intervals along the line. The 
BMI index was correlated with RTCI estimates calculated from the same lines (R2 = 0.98, 
n = 4).  Also, from the total of 80 monitoring lines, 56 WaxTag lines (70%) used for 4 
nights detected possums while 44 (55%) of trap lines used for 3 nights detected possums. 
When WaxTags were used for 7 nights 60 lines (75%) detected possums.  
 
Thomas and Maddigan 2004a.  
This study investigated the use of photo-luminescent lures as a possum attractant for 
WaxTags. Results showed that significantly more WaxTags were bitten when a photo-
luminescent lure was used compared to WaxTags without a lure (P < 0.01). 
 
Coleman 2004 
This study mapped possum distribution over 12,975 ha in the Hokanui Hills using 14,000 
leg-hold trap nights and 10,000 WaxTags. Results showed that possum bite-marks on 
WaxTags were strongly clustered and were related to possum captures in traps. 
 
Porphyre et al. 2005.  
This study used WaxTags to identify the distribution and density of possums at two sites 
near Featherston. Conclusions were that WaxTags were “an effective tool for the 
detecting the presence and activity areas of possums in this low-density possum 
population in the Featherston area. The close association between the location of possums 
trapped during vector control and the distribution of bitten WaxTags indicates that 
WaxTags represented possum locations with high specificity”.  
 
Coleman et al. 2005.  
This study compared WaxTags with Feratox and leg-hold trapping for mapping possum 
distribution. The study found that “bite marks on the WaxTags provided the clearest 
picture of possum distribution” and “the interference on WaxTags was greater than that 
on Feratox baits or traps”. 
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Commins 2005.  
This study monitored two low density possum populations using the TCM and WTM as 
defined in the NPCA protocols (NPCA 2004 and 2005). Twenty WaxTags at 10 m 
spacings were located on 200 m long lines and were used with photo luminescent lures 
but without a flour and icing sugar blaze. Similar results were recorded for both the TCM 
and WTM. There was no evidence that WaxTags used with the photo luminescent lures 
were more sensitive than leg-hold traps. However the author acknowledged that the 
removal of the flour and icing sugar blaze could have reduced the sensitivity of the 
WaxTags. Cost savings of 30 to 40% were predicted using the WTM compared to the 
TCM. 
 
Meenken 2005.  
This study used the data collected by Thomas et al. (2004) to determine whether 
contagion occurred when using WaxTag cruciforms. The study indicated that the 
WaxTag cruciform design was ideally suited for detecting contagion because the 
interference rates could be investigated for cruciforms (100 m spacing) and also 
individual WaxTags within the cruciforms (10 m spacing). Evidence for contagion was 
determined using two methods. 1. Cruciforms that had 4 or 5 WaxTags bitten were used 
as an indication that possums using the cruciforms were searching for WaxTags. 2. 
Determining whether bite-mark rates increased over the 10 day sampling period 
(evidence for contagion) or whether they reached an asymptote (no contagion). Results 
indicated that no contagion had occurred.  
 
Ogilvie et al. 2006a 
This study compared the frequency of possum bite-marks on WaxTags when they were 
lured with a flour and icing sugar blaze and when they were lured with a photo 
luminescent lure. Significantly more WaxTags were bitten (P = 0.03) when using the 
flour and icing sugar blaze compared to numbers bitten when using a photo luminescent 
lure.  
 
Ogilvie et al. 2006b 
This study compared photo luminescent, plain white and UV enhanced lures used with 
WaxTags. Significantly more WaxTag were bitten when they were used with photo 
luminescent lures compared to plain white and UV enhanced WaxTags. 
 
All of the above studies produced positive results for the WTM in terms of showing a 
correlation with the TCM estimates, being equally or more sensitive than the TCM, being 
more cost-effective than the TCM, effectively indicating the presence of possums and not 
being influenced by contagion. However no studies have been conducted to determine 
whether WaxTag indices are related to possum population size. This is the ultimate test 
of the usefulness any index of possum abundance and was the focus of this study.  
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3. Objectives 
 
To determine the accuracy of the WTM by: 

1. Measuring the accuracy of bite-mark identifications. 
2. Comparing WaxTag indices with population size. 
3. Determining whether contagion influences the accuracy of WaxTag indices. 
4. Comparing population trends and kills calculated from trapping and DNA 

analysis with trends and kills calculated from WaxTag indices. 
5. Comparing possum mapping using grid trapping with population mapping using 

the WTM. 
 

4. Methods 

Objective 1. Measuring accuracy of bite-mark identifications. 
The accuracy of bite-mark identifications was determined during a National Possum 
Control Agencies (NPCA) training course in November 2005. The aim of the course was 
to teach a total of 29 Field Operatives and Designers possum monitoring using the WTM. 
During the course the ability of the course participants to correctly identify simulated 
possum bite-marks in WaxTags was determined. This was undertaken by preparing a set 
of specimen skulls and lower jaws of possums and non-target animals that also bite 
WaxTags i.e. rats (Rattus rattus), hedgehogs (Erinaceus europaeus occidentalis) and 
rabbits (Oryctolagus cuniculus cuniculus). The skulls and lower jaws were used to 
produce a total of 40 tooth impressions on a sample of 40 WaxTags. Of the sample 20 
contained possum tooth impressions while the remainder contained tooth impressions of 
rat (12 samples), hedgehog (6 samples) and rabbit (2 samples). Care was taken to produce 
possum tooth impressions from upper and lower incisors, canines and premolars as can 
occur naturally in the field.   
 
Prior to evaluating the accuracy of bite-mark identification the course participants 
underwent a 1 hour training course covering the dentition characteristic of possums, rats, 
hedgehogs and rabbits using specimen skulls and jaws and also photographs and graphs 
(Fig. 5). Once training was complete the course participants were presented with the 40 
WaxTags containing the unknown tooth impressions and were asked to identify the 
animal that had made them. 
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A      B 
 

 
      C                                                                          
 
Fig. 5. An example of photographs used to teach bite-mark identification of possum and 
non-target species. A compares the lower jaws of possum and rat, B compares the upper 
incisors of possum and rat and C compares possum and hedgehog dentition. 
 
Identifications were recorded as incorrect when course participants recorded a possum 
when it was a non-target (false positive) or when they recorded a non-target when it was 
a possum (false negative). Identifications that incorrectly identified non-targets (e.g. a rat 
as a rabbit) were ignored because possum bite-marks were the focus of the study. The 
ability of the course participants to correctly identify possum tooth impressions was 
determined by calculating the proportion of the total identifications (i.e. 1160) that were 
false positives and false negatives.  

Objective 2. Comparing WaxTag indices with population size. 
Estimating population size 
Estimates of population size were made by Landcare Research NZ Ltd (LR) staff 
independently of PCR using four methods. 

1. The total number of individuals captured and released within the WaxTag grids 
(hereafter called the capture and release method). 
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2. Daily trap recaptures in each survey from the trapping grids calculated as a 
proportion of total capture using the ‘Schnabel’ method described in Krebs (1999, 
hereafter called the Schnabel method). 

3. The inverse prediction method based on recapture distances calculated from 
captures in the trapping grids (Efford et al. 2004, hereafter called the Efford 
method). 

4. ‘Rarefaction’ analysis (Kohn et al. 1999, Wilson et al. 2003) where the 
cumulative number of genotypes from DNA analysis of tissue and faecal material 
is plotted against the number of samples (hereafter called the DNA method). 

These methods and the results of the population size measurements are more fully 
reported in Morgan et al. (2007). 
 
Description of the trapping grids 
Trapping grids were established at two study sites one at Haldane (2203755E, 5391635N) 
in the southern Catlins Forest, Southland (hereafter called Catlins), and at Pureora 
(2733628E, 6295792N) in the Central North Island (hereafter called Pureora). 
Preliminary trapping at Catlins during February and May 2004 gave an RTCI estimate of 
18.8% calculated from 4 lines of 10 traps. Preliminary trapping at Pureora gave a mean 
RTCI of 6.6% calculated from 3 lines of 10 traps. Both sites contained native forest 
consisting of a mixture of podocarp and broadleaf species. Possums captured at both sites 
were tagged and released using Victor No. 1 traps, fitted with tension springs between 
chain-links to reduce the chances of injury (Warburton & Poutu 2002). 
 
The traps were used with a lure consisting of a 1:4 mix of icing sugar and white flour 
scented with approximately 0.5% wt:wt Jaffa orange (Bush, Boake and Allen Ltd., 
Auckland). This was smeared onto the trunk of the tree to a height of about 1 m above the 
trap.  After four days, the scent was changed to approximately 0.5% wt:wt cinnamon oil 
(Bush, Boake and Allen Ltd., Auckland) to overcome any possibilities that possums were 
shy of a particular scent (Ogilvie et al. 2000).  Both scents are known to be attractive 
(Morgan et al. 1995) and palatable (Morgan 1990) to possums. Following the scent 
change trapping was continued for a further 3 days, giving a total of 7 days trapping at 
both sites. Each possum captured had a small numbered stainless steel tag attached to an 
ear to identify those that had been caught previously. Trapping was conducted four times 
at each site (i.e. pre-poison, immediately after poisoning and 4 and 9 months later, Table 
1). These trapping periods are referred to in this report as pre-poison, post-poison 1, post-
poison 2 and post-poison 3.  
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Grid trapping at Catlins 
Grid trapping at Catlins was undertaken by surveying trap lines throughout the study site 
approximately 75 m apart (Fig. 6). Traps were located on these lines at approximately 25 
m intervals giving a total of 246 trapping sites. This resulted in a total of 1722 trap nights 
for the 7 night trapping period. 
 

 
 
Fig. 6. Live trap lines and WaxTag cruciform locations at the Catlins study site. 
 
Grid trapping at Pureora 
Grid trapping at Pureora was undertaken over a larger area than at Catlins. Parallel trap 
lines were spaced approximately 70 m apart and traps sites were located at 25 m intervals 
(Fig. 7). This gave a total of 1068 trap sites producing a trapping intensity of 7476 trap 
nights. Not all the trapped area at Pureoa was used for the study because it was not fully 
covered by the WaxTag grid which remained the same as that used for Catlins (Fig. 7). 

 

 Location of trap lines and WaxTag  
Cruciforms at Catlins 

 WaxTag  
cruciform 

Trap line 
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Fig. 7. Live trap line and Waxtag cruciforms locations at the Pureora study site. 
 
2.Genotyping of ear tissue and faecal pellet samples  
DNA analyses of ear tissue taken from captured animals and from the mucus layer 
around faecal pellets (FDNA, Morgan et al. 2007) were used to calculate population size 
at both study sites. Searches for faecal pellets were made using plots with a radius of 
approximately 4 m during each trapping period. Faecal pellets found were preserved in 
95% ethanol and used latter to determine DNA content. For a more detailed description 
of the DNA collection and analysis see Morgan et al. (2007). 
 
Obtaining WaxTag indices 
The possum monitoring method using WaxTags was identical at both study sites. A grid 
was surveyed so that WaxTag sampling points (cruciforms, Fig. 8) were located in a grid 
resembling approximately 100 m x 100 m (Figs. 6 and 7). This gave a total of 55 
sampling points. The method of WaxTag deployment was the same as that used by 
Thomas et al. (2004). At each sampling point a WaxTag cruciform was located consisting 
of 5 WaxTags spaced 10 m apart in the form of a cross (Fig. 8). WaxTags were lured 
with a mixture of 4 parts flour and 1 part icing sugar. In addition a mixture of 9 parts soya 
bean oil and 1 part Jaffa orange (Bush, Boake and Allen Ltd., Auckland) was sprayed 
onto the WaxTags. WaxTags were checked at intervals of 1, 2, 4, 7 and 10 days and the 
species that had bitten them were recorded. 
  

 Trap line 

Cruciform 

Location of live trap lines  
and cruciforms, Pureora 
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Fig. 8. A WaxTag cruciform showing the location and spacing of the 5 WaxTags within 
the cruciform. 
 
Calculation of TSI and BMI indices 
Results from the WaxTag cruciforms that contained WaxTags bitten by possums were 
used to calculate two indices of relative abundance. These were termed the Tag Station 
Index (TSI) and the Bite Mark Index (BMI). The TSI is the proportion of cruciforms that 
had WaxTags bitten by possums. It was calculated using the following formula.  

 
Number of cruciforms containing bitten WaxTags 

                                Total number of cruciforms                x 100 
 
The BMI is the proportion of WaxTags per cruciform that were bitten by possums. The 
BMI was calculated as the mean of: 
 

Number of WaxTags bitten per cruciform  
                                        5                                    x100 

 
For example a TSI of 40 indicates that 40% of WaxTag cruciforms had WaxTags bitten 
by possums. A BMI of 20 indicates that a mean of 20% of WaxTags were bitten by 
possums. BMI estimates were presented with their associated variances (i.e. ± 95% C.I.). 
 
N.B. Thomas et al. 2004 used the Possum Activity Index (PAI) which was the mean 
number of WaxTags bitten per cruciform. To covert this to the BMI the PAI is divided by 
5 and then multiplied by 100. 
 
Comparing TSI and BMI estimates with population size 
For the capture and release method WaxTag indices (TSI and BMI) were compared 
directly with the number of individuals captured and released within the WaxTag grids. It 
was assumed that individuals captured closely represent true population size even though 
all possums were unlikely to be captured over the 7 day trapping period. At Catlins the 
size of the WaxTag grid closely matched the size of the trapping grid (Fig. 6) so all 
possums captured and released were used to compare with WaxTag indices. However at 
Pureora the WaxTag grid did not fully cover the trapping grid (Fig. 7). Therefore 

 

10 m 

10 m 

10 m 
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possums captured and released outside the grid were not used for the comparison with 
WaxTag indices. Possums that were excluded were chosen using the method described 
by Brown et al. (1996) using a buffer strip around the WaxTag grid consisting of the 
mean radius of a possum home range. The radius was approximately 150 m based on a 
mean home range diameter of approximately 300 m for possums in mixed broadleaf 
forest (Ward 1978).  
 
For the Schnabel, Efford and DNA methods estimates of population size were expressed 
as possums per hectare. These were calculated by determining the size of the trapping 
grids (in ha) plus a 150 m buffer strip around the grid. This was measured using the 
mapping package, Maptoaster. The size in ha was divided by the mean of the estimates of 
population size calculated using the Schnabel, Efford and DNA methods to give 
possums/ha. Possums/ha estimates were not calculated for the Pureora post-poison 
samples 1, 2 and 3 because sample sizes were too small to produce reliable estimates. 
 
Possum control 
Possum control was undertaken using poison baiting at both study sites. 
 
Possum control at Catlins 
Possums at Catlins were controlled by contractors between 13th July and 9th August 2004 
in two stages.  For the first stage non-toxic prefeed baits (Ferafeed) in paper bags were 
located at 25 m intervals on lines 50 m apart which were stapled to trees at a height of 1-2 
m. One week later bags that were eaten were replaced with bags containing non-toxic 
Ferafeed embedded with Feratox (encapsulated cyanide, Thomas, 2005). All baits were 
obtained from Connovation Ltd (36B Sir William Ave, East Tamaki, Auckland). 
Immediately after the first stage a WaxTag survey was undertaken but this was not 
preceded with live trapping so a comparison with possum population size could not be 
made. This sample is hereafter called Catlins mid-poison.  
 
The first stage failed to reduce possums to low enough levels required by LR for their 
study probably because the baits were placed too high above ground (see Henderson et al. 
1999). Therefore a second possum control stage was undertaken.  Possums were prefed 
with handfuls of icing sugar and flour (1:4 mix) placed on the ground. This was followed 
a week later with 7 days of poisoning using cyanide paste (Animal Control Products Ltd, 
408 Heads Road, Wanganui) covered with the icing sugar and flour prefeed.  Bait 
distribution was similar to that used for the first stage except the second stage lines were 
orientated at 90° to the first stage lines.   
 
Possum control at Pureora 
Pureora consisted of a small part of a large possum control operation (56,000 ha) using 
aerially applied 1080 poisoned carrot.  While the larger area was prefed twice with non-
toxic carrot to maximise possum kill, prefeeding was not undertaken at the study site. 
This was omitted to ensure that sufficient possums remained to be representative of a 
very low possum density. The carrot baits consisted of cut carrot coated with 1080 
solution so that the baits contained a 0.15% (wt/wt) 1080 concentration. In addition 0.1% 
(wt/wt) cinnamon oil was used to mask the taste of the 1080 (Morgan 1990). The carrot 
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bait was distributed at a nominal application rate of 5 kg/ha over the study site on 22 
August, 2005. 
 
Statistical analysis 
Comparing TSI and BMI WaxTag indices with estimates of population size 
The ability of the TSI and BMI indices to measure population size was determined using 
linear regression analysis using the least-squares regression fit. We undertook this 
analysis for the capture and release method and for the estimates of possums per ha using 
the Schnabel, Efford and DNA methods. We assumed that the closer the coefficient of 
determination (R2) was to 1 the more reliable or accurate was the relationship between the 
TSI and BMI indices and the estimates of population size. We combined data from both 
sites to ensure the sample size was sufficient to allow the relationship between the 
WaxTag indices and estimates of population size to be modelled. Given the consistency 
of the data collected from both sites we considered that this approach was reasonable.  
 
Determining the optimal sampling period using WaxTags 
The optimal sampling period (i.e. 1, 2, 4, 7 or 10 nights) was determined using 2 methods  

1. By identifying the shortest period when WaxTag biting frequency reached an 
asymptote. This was interpreted as the time when the maximum numbers of 
possums had been detected by the WaxTags. 

2. By comparing the accuracy of the TSI and BMI indices for the different time 
periods by comparing R2 values calculated from the regressions of individuals 
captured and WaxTag indices. 

 
Determining whether saturation occurred 
Ideally an index of relative abundance should be linear (Thompson et al. 1998). This 
means a doubling of the population will be recorded as a doubling in the index. If this 
occurs the index will provide as accurate predictor of population size as can be obtained 
when the population is measured directly. This accuracy will reduce as the relationship 
becomes less linear. One main cause of nonlinearity is when the monitoring device is 
fully interfered with before it can totally measure population abundance (Forsyth et al. 
2005). This is commonly called saturation (Caughley, 1977). Saturation underestimates 
population densities when they are over a certain level. When this occurs line graphs of 
the index and population abundance become curvilinear, forming a convex shape, 
because the index increases at a slower rate compared to the increase in population 
abundance. 
 
We determined whether saturation occurred for both WaxTag indices at both sites by 
fitting lines to the WaxTag indices and capture and release method regressions to 
determine whether they had a linear or curvilinear trend. Lines that were curvilinear and 
convex were used as evidence that saturation had occurred.  
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The trapping, WaxTag and possum control timetable 
A summary of dates when live trapping and WaxTag monitoring were undertaken are 
shown in Table 1. 
 
Table 1. Dates when live trapping, possum control and possum monitoring using 
WaxTags were conducted at the Catlins and Pureora study sites. A mid-control possum 
monitor was conducted at Catlins but this was not preceded with live trapping. The 
approximate times (months) after possum control and the season the control and 
monitoring were undertaken are shown in parentheses. 

Phase Catlins  Pureora 
Live trapping WaxTags Live trapping WaxTags 

Pre-control 13 – 20 June  
2004 

(Winter) 

25 June  
5 July, 2004 

(Winter) 

24 June 1 July 
2005 

(Winter) 

9-19 July,  
2005 

(Winter) 
Possum control Feratox and cyanide paste 

13 July – 9 August 2004 
(Winter) 

1080 carrot baits 22 August 2005 
(Winter) 

Mid-control N.A. 23 July 
1 Aug, 2004 (0) 

(Winter) 

N.A. N.A. 

Post-control 1 30 Aug.  
8 Sept, 2004 (1) 

(Winter) 

12-22 Sept 
 2004 (1) 
(Spring) 

6-13 Sept,  
2005 (1) 
(Spring) 

22 Sept - 2 Oct, 
2005 (1) 
(Spring) 

Post-control 2 7-14 Dec,  
2004 (4) 

(Summer) 

28 Dec, 2004  
7 Jan, 2005 (4) 

(Summer) 

10-18 Dec, 
2005 (4) 

(Summer) 

27 Dec 6 Jan, 
2005 (4) 

(Summer) 
Post-control 3 10-17 May, 

2005 (9) 
(Autumn) 

26 May  
5 June,2005 (9) 

(Autumn) 

10-18 May, 
2005 (9) 

(Autumn) 

3 – 13 June,  
2005 (9) 
(Winter) 

 
 
 
 
Independence of the population size and TSI and BMI calculations 
Estimates of population size collected by LR were given to PCR once all WaxTag indices 
had been reported to the AHB in the form of milestone reports. This ensured that there 
was no prior knowledge of population size by PCR when the WaxTag indices were 
calculated. 

Objective 3. Measuring contagion 
One of the most commonly asked questions about possum monitoring using WaxTags is 
“how do you know that one possum hasn’t gone around and bitten lots of WaxTags”? 
Because possums are not captured and killed when using WaxTags it is possible they 
could bite numerous WaxTags producing an overestimation of possum density.  
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We determined whether contagion occurred in this study using the methods described by 
Meenken (2005, methods 1 and 2) and method 3 described below. 

1. If contagion occurred we would expect that the bite-marking rate would be 
linear or exponential until all WaxTags were bitten. We examined the bite-mark 
rate for individual WaxTags for 1, 2, 4, 7 and 10 night samples to determine 
whether a linear or exponential increase occurred. We also used the same 
method to identify the type of increase that occurred for cruciforms. We used 
data sets that had reached an asymptote as evidence that contagion did not 
occur.  

2. If contagion occurred within the cruciforms a high proportion of the visited 
cruciforms would be expected to have 4 or 5 WaxTags bitten. To determine 
whether this occurred we compared the proportions of WaxTag cruciforms that 
had 1, 2, 3, 4, and 5 WaxTags bitten after 10 nights exposure using ANOVA. A 
high proportion of cruciforms in the 4 and 5 WaxTag group was used as 
evidence that contagion occurred. 

3. The ultimate test of whether contagion occurred is the accuracy of the TSI and 
BMI indices. If contagion occurred we would expect poor accuracy, especially 
at sites that have very low possum numbers. At these sites a small number of 
possums could potentially bite a large number of WaxTags which would inflate 
density estimates. Correlation descriptors (R2) over 0.9 were used as evidence 
that the TSI and BMI indices accurately predicted population size. 

Objective 4. Comparing possum trends and possum kills 
Trends in possum abundance using 7 night TSI and BMI indices, capture and release 
method and estimates of possums/ha using the Schnabel, Efford and DNA methods were 
compared visually using histograms. The 7 night period was chosen for the TSI and BMI 
estimates because this sampling period is specified in the WaxTag protocol (NPCA 
2005). Possum kills calculated from the percent reduction in the pre- and post-poison 
measures of population size were also compared with kills estimated from the pre- and 
post-poison TSI and BMI indices using the method described in the Trap-catch protocol 
(NPCA 2004).  

Objective 5. Measuring the accuracy of possum mapping using cruciforms    
Possum live-capture sites and cruciforms with bitten WaxTags were mapped and the 
distances from the points of possum capture to the nearest bitten cruciform was 
measured. These data were used to calculate mean distances for each sampling period. 
These were used as a measure of the ability of WaxTag cruciforms to detect the presence 
of possums (hereafter called detectability). Because the cruciforms approximated a 100 x 
100 m grid we assumed that the furtherest distance a possum would need to travel to a 
cruciform would be approximately 60 m. Therefore mean distances close to 60 m were 
used as an indication that detectability was high. We compared detectability for the 1, 2, 
4, 7 and 10 night exposure periods for each sample using line graphs to determine 
whether detectability improved over time and whether it differed between samples. The 
very low-density Pureora post-poison samples were not graphed because of insufficient 
data. 
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5. Results and Discussion 

Objective 1. Accuracy of bite-mark identification. 
Of the 1160 observations of simulated tooth impressions made by the 29 observers, 6 
observations made by 6 individuals (0.5%) were incorrectly recorded as possum bite 
marks when they were rabbit i.e. 6 false positives. Only one individual incorrectly 
recorded 5 (0.4%) possum bite marks as other animals (3 rabbit and 2 hedgehog) i.e. 5 
false negatives. Two individuals were unable to identify 2 possum bite-marks which they 
recorded as unknowns. Therefore of the 1160 identifications 13 (1%) were incorrectly 
identified or could not be identified. This resulted in an identification accuracy of 99%. 
No observers recorded rat bite marks as possum bite marks or vice versa. 
 
The authors have observed that in the field the majority of bite-marks recorded other than 
possums are those made by rats. The results from this study show that possum bite-marks 
can be accurately differentiated from rat bite-marks. Rat (Rattus rattus) incisor widths are 
significantly smaller than possum incisor widths and this assists identification (Fig. 5). 
Also possum upper and lower incisors produce tooth impressions that form either an arch 
or a V shape instead of a straight ‘chisel shape’ as occurs with rat incisors.  
 
The incorrect naming of rabbit bite-marks as possum bite-marks is unlikely to be a 
problem in the field as out of thousands of bite marks identified by the authors only 1 has 
been identified as made by a rabbit. Rabbits and hares (Lepus europaeus occidentalis) 
also have a unique groove in the centre of the upper incisors which assist identification.   
 
Fraser et al. (2004) undertook office-based checks of bite-mark identifications made in 
the field when the WaxTags were collected. They found that of the 113 field-based 
identifications 15 (13%) were found to be incorrect after the office-based check. This 
highlights the need to ensure bite-mark identifications are double checked when 
WaxTags are returned to the office. 

Objective 2. Comparison of WaxTag indices with population size. 
Comparison of the capture and release method and WaxTag indices 
At Catlins the numbers of possums captured and released reduced from 128 to 30 after 
cyanide poisoning and then rose to 58 within 4 months and 82 within 9 months (Fig. 9). 
This steady increase after poisoning was attributed to new possums reinvading the study 
site from the surrounding uncontrolled forest. 

 
At Pureora pre-control captures and releases were lower than those recorded for the pre-
control at Catlins. A marked reduction occurred following the 1080 baiting operation 
with numbers falling from 40 to 2 and then 6 after 4 months and rising to 11 after 9 
months (Fig 9). However in the last 9 month sample LR staff unfortunately mistakenly 
killed 8 possums so only 3 remained for the WaxTag assessment. Of those 3 only one 
was in the WaxTag grid.  
 



 

Pest Control Research Ltd 

26 

0
10
20
30
40
50
60
70
80
90

100
110
120
130

Haldane Pre-
poison

Haldane Post-
poison 1

Haldane Post-
poison 2

Haldane Post-
poison 3

N
um

be
rs

 o
f p

os
su

m
s c

ap
tu

re
d 

an
d 

re
le

as
ed

 

0
10
20
30
40
50
60
70
80
90

100
110
120
130

Pureora Pre-
poison 

Pureora Post-
poison 1

Pureora Post-
poison 2

Pureora Post-
poison 3

N
um

be
rs

 o
f p

os
su

m
s c

ap
tu

re
d 

an
d 

re
le

as
ed

 
Fig. 9. Numbers of possums captured and released during the live trapping periods at the 
Catlins and Pureora study sites. The Pureora captures apply to possums captured and 
released in the WaxTag grid which was smaller than he trapping grid. 
 
For all sampling periods TSI and BMI estimates were significantly correlated to numbers 
of possums captured and released (Tables 2 and 3,  Figs. 10 and 11). 
 
Table 2. Linear correlation coefficients and precision values for correlations of WaxTag 
TSI indices recorded at Catlins and Pureora with numbers of possums captured and 
released.  

Sample period R2 Precision values 
Night 1 0.96   0.00002  
Night 2 0.93 0.0001 
Night 4 0.93 0.0001 
Night 7 0.93 0.00009 
Night 10 0.94 0.00007 

 
 
Table 3. Linear correlation coefficients and precision values for correlations of WaxTag 
BMI indices recorded at Catlins and Pureora with numbers of possums captured and 
released.  

Sample period R2 Precision values 
Night 1 0.96 0.00001 
Night 2 0.96 0.00002 
Night 4 0.97 0.000005 
Night 7 0.97 0.000005 
Night 10 0.99 0.000001 
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Fig. 10. Linear correlations of WaxTag TSI indices and numbers of possums captured 
and released for WaxTag data collected after 1, 2, 4, 7 and 10 nights and their associated 
R2 values and 95% C.I. Curvilinear lines are also fitted to determine whether saturation 
was likely to have occurred.  
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Fig. 11. Linear correlations of WaxTag BMI indices and numbers of possums captured 
and released for WaxTag data collected after 1, 2, 4, 7 and 10 nights and their associated 
R2 values. Curvilinear lines are also fitted to determine whether saturation was likely to 
have occurred. Error bars are 95% C.I. 
 
Possums per hectare and WaxTag indices 
The size of the trapping grids plus the 150 m buffer was calculated as 77 ha for Catlins 
and 160 ha for Pureora. Estimates of population size determined from the Schnabel, 
Efford and DNA methods gave similar estimates of population size (Morgan et al 2007, 
Table 4) 
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Table 4. Population size estimates for the Catlins and Pureora possum populations 
calculated using 3 methods detailed in Morgan et al. (2007). Estimates of possum per 
hectare were calculated by dividing the average of the population size estimates by the 
size of the trapping grid plus a 150 m buffer. Estimates for Pureora post-poison 1, 2 and 3 
were not calculation because of small sample sizes. 
 
 

Method 

Population size estimate and 95% C.I. (in parenthesis) 
Catlins 

pre-poison 
Catlins 

post-poison 
1 

Catlins 
post-poison 

2 

Catlins 
post-poison 

3 

Pureora 
pre-poison 

1. Inverse prediction from 
possum recapture distances 
(Efford 2004) 

253 
(205-304) 

58 
(39-102) 

155 
(103-268) 

159 
(120-228) 

130 
(92-203) 

2. Mark/recapture of possums 
(Schnabel in Krebs 1999) 

249 
(191-337) 

50 
(29-83) 

153 
(93-298) 

159 
(107-244) 

134 
(84-223) 

3. Rarefaction analysis using 
DNA of cumulative faecal 
genotype ‘capture’ (Kohn et al. 
1999). 

251 
(210-330) 

58 
(40-248) 

28 
(19-296) 

159 
(100-884) 

126 
(101-177) 

Average of the three estimates 251 56 154* 159 130 
Possums per hectare 3.4 0.8 2.1 2.1 1.2 
* Excludes the DNA method because of small sample size. 
 
Both TSI and BMI were significantly correlated with estimates of possums per hectare 
(Tables 5 and 6, Fig. 12 and 13).  
 
Table 5. R2 values and their associated levels of significance for regressions of the Tag 
Station Index (TSI) and possums per hectare calculated from the mean of 3 estimates of 
population size. 

Sample period R2 Precision values 
Night 1 0.92 0.01 
Night 2 0.88 0.02 
Night 4 0.87 0.02 
Night 7 0.86 0.02 
Night 10 0.89 0.02 

 
Table 6. R2 values and their associated levels of significance for regressions of the Bite 
Mark Index (BMI) and possums per hectare calculated from the mean of 3 estimates of 
population size.  

Sample period R2 Precision values 
Night 1 0.95 0.004  
Night 2 0.98 0.001 
Night 4 0.97 0.002  
Night 7 0.93 0.009 
Night 10 0.93 0.007  
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Fig. 12 Linear correlations of WaxTag TSI indices and possums per hectare calculated 
from the mean of 3 population estimates using mark-recapture and faecal DNA analysis. 
Error bars are 95% C.I. 
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Fig. 13 Linear correlations of WaxTag BMI indices and possums per hectare calculated 
from the mean of 3 population estimates using mark-recapture and faecal DNA analysis. 
Error bars are 95% C.I. 
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Comparative accuracy of the TSI and BMI estimates 
R2 values for the BMI were significantly more accurate than the TSI for both possums 
captured and released and possums per hectare comparisons (mean R2 = 0.97 and 0.95 for 
the BMI and 0.94 and 0.88 for the TSI. P = 0.01 and 0.005 for the capture and release and 
the possum per hectare comparisons respectively). 
   
Optimal sampling time 
The accuracy of the TSI and BMI estimates remained relatively consistent regardless of 
the time the WaxTags were left in the field. However the graphs show that the TSI and 
BMI for the Catlins post-poison 1 sample (Figs. 10 and 11, 4th point from left) did not 
accurately measure possum abundance until nights 7 and 10. It also took 7 nights to 
collect the majority of information from the very low density post-poison Pureora 
populations.  
 
WaxTag and/or lure wariness 
The cause of the slower detection rate recorded for the Catlins post-poison 1 sample rate 
may have been due to wariness of the WaxTags caused by cyanide paste shyness. This 
assumes that possums associate the trauma caused by sub-lethal cyanide poisoning with 
WaxTags. However WaxTags are quite different to cyanide paste baits in both shape 
smell and taste so it is feasible that possums may not be wary or are less wary of 
WaxTags on their own. However a common element of both the cyanide poisoning and 
the WaxTag monitoring was the flour and icing sugar lure. Both Warburton and Drew 
(1994) and Morgan et al. (2001) showed that some possums that become shy of cyanide 
paste could also became shy of the flour and icing sugar lure used with the cyanide paste. 
Therefore the possible wariness of WaxTags may have been exacerbated because of the 
presence of the flour and icing sugar lure.  
 
This explanation could also apply to the TCM because flour and icing sugar lure is used 
to attract possums to traps (NPCA 2004, Warburton and Yockney 2000). It is possible 
that lure wariness could be a cause of the underestimates of possum abundance that are 
recorded for some monitoring operations using the TCM undertaken immediately after 
control (Nugent et al. 2001, Forsyth et al. 2003).  
 
The current WaxTag protocol specifies that a photo luminescent lure (Thomas and 
Maddigan 2004a, Ogilvie et al. 2006b) not flour and icing sugar lure is used. This is 
because the photo luminescent lure provides an attractant that is consistent throughout the 
7 night monitoring period unlike the flour lure which can be quickly eaten by rats or 
washed off by rain. Also the absence of a flour lure could potentially reduce possible 
WaxTag and/or lure wariness. However what is not known is whether the sensitivity of 
the WaxTags is reduced without the presence of the flour lure. Recent research suggests 
that the photo luminescent lure is not as effective as the flour and icing sugar lure for 
attracting possums to bite WaxTags (Ogilvie et al. 2006a). Additional research is required 
to determine the relative sensitivity of WaxTags with photo luminescent lures, flour lure 
and both and also how cyanide paste shy possums interact with them. The existing 
research indicates that WaxTags with a flour lure (replaced daily) are more sensitive than 
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traps (Thomas et al. 2003). Whether a potential reduction in sensitivity is justified by 
removing the flour lure is currently unkown and should be investigated. 
 
WaxTag wariness was not evident in the Catlins post-poison 2 and 3 samples which may 
be because of the following reasons. 

1. The cyanide shyness had been forgotten after 4 months. 
2. Many of the possums in the Catlins post-poison 2 and 3 samples had reinvaded 

and therefore had not been exposed to cyanide paste.  
 
Evidence of saturation 
The relationship between the TSI and possum captures became increasingly non-linear 
and increasingly convex curvilinear as sampling time increased (Fig. 10). We used this as 
evidence that saturation occurred for the TSI. However there appeared to be no evidence 
that saturation occurred for the BMI estimates even at the high density Catlins pre poison 
estimate (approximately 3.5 possums/ha and 18% RTCI) where > 70% of WaxTags were 
bitten (Fig. 11). The saturation occurring for the TSI rather than the BMI is expected 
because there were fewer cruciforms per study site (55) than individual WaxTags (275).  
 
Comparison with RTCI 
The RTCI has become the benchmark descriptor for possum density measurement in 
New Zealand. Consequently all discussions by people in the possum industry tend to 
refer to the RTCI as the descriptor of possum density. Also the AHB and Department of 
Conservation (DOC) have set RTCI performance targets that possum control contractors 
need to meet to fulfill their contractual obligations. As a consequence many who use the 
WTM want to know how the WaxTag indices relate to RTCI estimates. Several studies 
have been undertaken, including this one, where estimates of both RTCI and WaxTag 
BMI estimates have been calculated (Table 8).  
 
Table  8. Studies that recorded both WaxTag BMI and trap catch RTCI estimates. 

Study RTCI BMI 
  2 nights 3 nights 4 nights 7 nights 
This study 18.8 54.9 - 62.9 71.6 

6.6 11.6 - 17.1 22.9 
Thomas  
et al. 2004* 

1.0 0.4 - 1.6 3.6 
2.0 5.0 - 9.6 16.0 
2.2 3.0 - 5.0 13.2 
8.3 5.6 - 30.6 39.4 

Thomas  
et al. 2003 

12 - 33 - - 

Bearman 
2002 

23 62.5 - - - 

* PAI values converted to BMI  
 
The BMI and RTCI estimates recorded in Table 8 were graphed and trend lines fitted to 
the data (Fig. 14) to provide an indication of how BMI estimates relate to RTCI 
estimates. However caution must be exercised when using this graph to determine 
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relative RTCI estimates because of the associated error around the BMI and RTCI 
estimates and the errors associated in producing the graph. For further information 
regarding comparisons of possum monitoring indices see Thomas & Brown (2001). 
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Fig. 14 Relative values of WaxTag BMI estimates and trap catch RTCI estimates taken 
from studies that recorded both indices (see Table 7). The bottom trend line is for the 2 
night BMI, the middle the 4 night BMI and the top the 7 night BMI. 

Objective 3. Influence of contagion on WaxTag Indices 
Rates of increase for bite-marks on cruciforms  
The rates of increase for possum bite-marks on cruciforms reached an asymptote for all 
samples except the Catlins post-poison 1 sample which showed a constant rate of 
increase (Fig. 15). We found no evidence that contagion occurred between cruciforms. 
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Fig. 15. Rates of increase of cruciforms containing WaxTags bitten by possums after 1 , 
2, 4, 7 and 10 nights exposure.  
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Rates of increase for individual WaxTags bitten 
Rates of increase for individual WaxTags bitten reached an asymptote for 6 of the 9 
samples (Fig. 16). Two of the remaining samples showed a constant rate of increase from 
night 1 (Catlins post-poison 1 and Pureora pre-poison) while the 3rd (Catlins pre-poison) 
showed a constant rate of increase from night 2. None of the samples showed the 
exponential rates of increase characteristic of contagion as recorded by Bamford (1970). 
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Fig. 16. Rates of increase of WaxTags bitten by possums after 1, 2, 4, 7 and 10 nights 
exposure. 

 
The proportions of WaxTags bitten per cruciform 
There was no difference in the numbers of cruciforms that had 1, 2, 3, 4 or 5 WaxTags 
bitten over the 10 night period (F = 0.24, P = 0.91, Table 9). Therefore there was no 
evidence to suggest that possums that found cruciforms actively searched for WaxTags 
within the cruciform. 
 
Table 9. The number and proportion of cruciforms that had 1, 2, 3, 4 or 5 WaxTags 
bitten for the 9 sample periods.  

Data set 1 WaxTag 2 WaxTags 3 WaxTags 4 WaxTags 5 WaxTags 
Pureora 1 5 9 3 7 2 
Pureora 2 2 1 0 0 0 
Pureora 3 3 1 0 0 0 
Pureora 4 2 0 0 0 0 
Catlins 1 2 5 4 18 22 
Catlins 2 12 8 3 6 0 
Catlins 3 4 3 5 2 2 
Catlins 4 3 6 13 7 6 
Catlins 5 3 4 15 13 10 

Total 36 37 43 53 42 
Proportion 17% 18% 20% 25% 20% 
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Accuracy of TSI and BMI indices and contagion 
Both the TSI and BMI indices accurately measured possum abundance regardless of the 
number of nights WaxTags were located in the field. This level of accuracy would not 
have occurred if contagion confounded results (Figs. 10, 11, 12 and 13, Tables 2, 3, 6 and 
7).  

Objective 4. Population trends and percent kills 
Trends 
Population trends determined from TSI and BMI indices closely followed those derived 
from the live-capture data (Fig. 17). The trends logically followed expected trends 
characteristic of populations that have undergone control and subsequent reinvasion as 
occurred at Catlins.  
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Fig. 17. Possum trends determined from live-capture and release of possums at Catlins 
and Pureora for 4 trapping periods at each site (top) compared with calculation of 
possums per hectare (second from top), TSI estimates (third from top) and BMI (bottom) 
calculated from 7 night data. Error bars are ± 95% C.I. 
 
Overall percentage changes in population levels, calculated from post-poison TSI and 
BMI indices (Tables 10 and 11) followed those calculated from measures of possum 
captured and released.  
 
Table 10.  Numbers of possums captured and released and TSI and BMI 7 night indices 
for pre- and post-poison samples at Catlins. The proportions of the pre-poison figures are 
shown in parenthesis. 

 Catlins  
pre-poison 

Catlins  
post-poison 1 

Catlins 
post-poison 2 

Catlins 
post-poison 3 

Possums captured 
and released 

128  30 (23) 58 (45) 82 (64) 

Possums/ha 3.4 0.8 (23) 2.1 (62) 2.1 (62) 
TSI 95  25 (26) 64 (67) 86 (90) 
BMI 72 13 (18) 40 (55) 56 (78) 
 
Table 11.  Numbers of possums released and TSI and BMI 7 night indices for pre- and 
post-poison samples at Pureora. The proportions of the pre-poison figures are shown in 
parenthesis. 

 Pureora 
pre-poison 

Pureora 
post-poison 1 

Pureora 
post-poison 2 

Pureora 
post-poison 3 

Possums captured 
and released 

40 2 (5) 2 (5) 1 (2) 

TSI 45 5 (15) 7 (15) 4 (9) 
BMI 23 1(4) 1.8 (8) 0.7 (3) 
 
Percent kills 
Possum kills, as a result of the cyanide and 1080 poisoning, were measured within an 
accuracy of 1 to 9% of kills calculated from possum capture and release (Morgan et al. 
2007, Table 12).  
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Table 12. Possum kills calculated from the decline in possums captured (from Morgan et 
al. 2007) and TSI and BMI indices recorded over a 7 night sampling period. Differences 
from the decline in possum captures for the TSI and BMI are shown in parenthesis. 
 Possum kill calculated 

from live-capture of 
possums (%) 

Possum kill calculated 
from the 7 night TSI 

(%) 

Possum kill calculated 
from the 7 night BMI 

estimates (%) 
Catlins 73 74 (+ 1) 82 (+9) 
Pureora 90 89 (- 1) 95 (+ 5) 

Objective 5. Mapping possums using cruciforms    
Mean distances from capture sites 
For all samples the mean distance from possum live-capture sites and cruciforms that 
contained WaxTags bitten by possums was 70.6 ± 15.3 m excluding the small data sets of 
the post-poison Pureora sampling periods. This distance was close to the predicted 
maximum distance a possum would need to travel to find the closest cruciform i.e. 60 m. 
The Catlins post-poison 1 sample showed a different pattern to the other samples (Fig. 
18). Larger mean distances occurred especially for nights 1 and 2 i.e. 366 and 364 m 
respectively. However this dropped to 117 m for night 10 but was still well above the 
mean distance recorded for the other samples. We attribute this difference to the WaxTag 
and/or lure wariness caused by cyanide shyness (see above). When the post-poison 
Catlins 1 sample was excluded from the calculations the mean distance reduced to 56.2 ± 
6.7 m after 10 nights.  
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Fig. 18. Mean distances live-captured possums were from mapped possum locations 
defined by cruciforms that contained 1 or more bitten WaxTags located in the field for 10 
nights.  
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Mapped locations 
Locations of most possums could be accurately mapped within 100 m using cruciforms 
for 7 or 10 nights (Fig. 19) with the exception of the Catlins post-poison 1 sample. This 
sample failed to indicate possum presence in a large area (approximately 30 ha) in the 
south eastern portion of the WaxTag grid. We attribute this gap to the WaxTag/lure 
wariness described above. Although possum locations were not determined for the 
Catlins mid-poison sample (Fig. 19) cruciform interference was uniform suggesting that 
WaxTag/lure wariness was unlikely to have occurred with this sample following the 
Feratox baiting. 
 
The maps also showed a concentration of possum captures and bitten cruciforms in the 
northern portion of the study site for the Catlins post-poison 1 and 3 samples (Fig. 19). 
This concentration most likely identified an ‘invasion front’ of possums moving into the 
study site from the uncontrolled forest to the north. 
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Fig. 19. Locations of possum live-capture sites and locations of cruciforms containing 
bitten WaxTags after 7 and 10 days for the Catlins and Pureora study sites. 

Possum capture and 
release 
Cruciform without bite-marks 

Cruciform with bite-marks  
10 days. 

Cruciform with bite-marks  
7 days. 

Possums not included 

Pureora. Post-poison 2 

Pureora. Post-poison 3 

Possum capture and 
release 

Cruciform without bite-marks 

Cruciform with bite-marks  
10 days. 

Cruciform with bite-marks  
7 days. 

Possum not included 

Possum killed  



 

Pest Control Research Ltd 

44 

 
Comparison with the TCM for detecting possum clusters 
Ramsey and Ball (2004) showed that post-control possum populations are likely to be 
clustered and that monitoring methods need to take clustering into account. However they 
concluded that the TCM is “not well equipped” to measure clustering and stated that 
cluster sizes of 12.6 ha or less are almost impossible to detect. They identified that there 
needs to be an increase in trapping intensity (trap nights) and spatial coverage to more 
accurately detect clusters. They recommended that if the objective is to have a high 
sensitivity for detecting clusters then the AHB should develop an alternative monitoring 
method for this purpose. They also recommended that the AHB explore cluster-detection 
methods that do not rely on line based monitoring. We consider that the WTM 
investigated in this study is well suited to not only detecting possum clusters but also 
simultaneously accurately measuring possum abundance. 
 
Differences from the current WaxTag protocol 
Currently there is a national protocol that describes a standard method to use WaxTags. 
However the protocol describes a method that differs from that examined in this study. 
The main differences are: 

1. WaxTags are located on a line 200 m long that contains 20 WaxTags at 10 m 
spacings and not the cruciform method used in this study. 

2. The flour and icing sugar and soya bean oil and orange oil lures are not specified 
in the protocol. These have been replaced with a photo luminescent ‘GloTag’ 
based on the research conduced by Thomas and Maddigan (2004a) Ogilvie et al. 
(2006a 2006b). 

3. The BMI is referred to as the PAI in the current protocol. 
  

It is not known whether changes 1 & 2 will affect the WTM accuracy. It is unlikely that 
the change from 10 m spacing in a cruciform to 10 m spacing on a line will influence bite 
mark rates on WaxTags. Also the use of 20 WaxTags per line would greatly increase the 
probability of remnant possums locating a WaxTag and biting it and therefore being 
recorded as present. Also maintaining that cruciforms at 100m spacing on a line are 
independent sampling units, as used by Thomas et al. 2004, could logically be argued to 
be pseudo replication because they are essentially monitoring the same portion of the 
possum population and not a randomly selected portion as specified in the current 
protocol.  
 
However there may be some labour-saving advantage in using shorter lines of 5 or 10 
WaxTags. Use of shorter lines would be conducive to increasing the number of lines 
which will increase spatial coverage and will have the potential to provide more accurate 
and precise population density estimates. Greater spatial coverage will also increase the 
chance of detecting possum clusters (Brown and Thomas 2000). Also many short lines 
could be used to further define cluster size using methods such as adaptive cluster 
sampling (Brown and Manley 1998). However research would need to be conducted 
using data from many 20 WaxTag per line samples before a decision to reduce line length 
could be intelligently made. The decision to reduce trap lines from 20 traps to 10 traps 
per line (as recommended in the current trap catch protocol) was based on analyzing the 
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results from > 3500 20 trap lines. This sample size allowed adequate subsampling to 
ensure there would be no loss in accuracy or precision using the shorter 10 trap lines (D. 
Meenken pers com.).  
 
Based on the results from Ogilvie et al. (2006a) it appears likely that WaxTags used only 
with the photo luminescent lure (as specified in the 2005 NPCA WaxTag protocol) will 
be less sensitive than WaxTags used with the flour and icing sugar blaze and a fruit oil 
used in this study. Therefore WaxTags used according to the current protocol could 
indicate that no possums are present when they are present. Also TSI and BMI estimates 
are likely to be lower when using the current NPCA protocol (NPCA 2005) compared to 
those achieved in this study. Conversely a combination of flour and icing sugar lure, fruit 
oil lure and the photo luminescent lure is likely to increase sensitivity and produce 
slightly higher TSI and BMI figures than those recorded in this study. Because possum 
control managers require monitoring devices with high sensitivity, especially when 
population densities are very low, maximizing the attractiveness of the WaxTags is 
desirable.  
 
Therefore WaxTags used with all the lure options discussed appears to be the best 
approach. However the variability caused by rats eating the flour lure, rain washing it 
away and the potential for causing an increase in WaxTag wariness could justify the use 
of the photo luminescent lure on its own as specified in the current protocol. The 
development and testing of an alternative taste and smell lure that is rat and water 
resistant, similar to that described in Thomas and Maddigan (2004b), would be worth 
investigating as a lure that is less prone to the variability associated with the flour based 
lure.   
 

6. Conclusions 
• Simulated possum bite-marks on WaxTags could be differentiated, with a high 

level of accuracy (99%), from those of rat, hedgehog and rabbit. 
• The TSI and BMI indices measured possum population size with a high level of 

accuracy.  
• The BMI estimates were significantly more accurate than the TSI estimates.  
• The relationship between BMI estimates and possum population size appeared to 

remain linear even when population size reached 3.5 possums/ha (approx. 18% 
RTCI). However there was evidence that saturation occurred at these levels when 
using the TSI.  

• Possum kills measured using TSI and BMI indices were within 9% of kills 
calculated using possum capture and release and reductions in measures of 
possums per ha. 

• The TSI and BMI indices provided realistic and meaningful measures of possum 
population trends over the 9 month sampling periods.     

• No evidence was found to suggest that contagion reduced the accuracy of TSI and 
BMI indices. 

• Population mapping using WaxTags accurately mapped the location of possums 
with the exception of 1 of 5 samples.  The mapping also identified concentrations 
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of possums that appeared to be an ‘invasion front’. These results suggest that the 
WTM could provide a cost-effective means to identify possum clusters and at the 
same time provide accurate measures of possum abundance. 

• For one of 8 samples there was evidence that possums were wary of the WaxTags 
or lure or both. This was attributed to sub-lethal exposure to cyanide paste i.e. 
cyanide shyness. For the purposes of possum monitoring using WaxTags this 
wariness appeared to disappear after 7 nights sampling. However for possum 
mapping the WaxTags failed to identify the presence of possums in a large area 
(approximately 30ha) in the south eastern portion of the Catlins study site. 
WaxTag/lure wariness did not appear to occur after Feratox or 1080 baiting. 

• The WaxTag method described in the current national NPCA WaxTag protocol 
may reduce the sensitivity of the WaxTags compared to the results in this study 
because the flour and icing sugar and fruit oil lures have been replaced with a 
photo luminescent lure. Investigation into a rat and rain resistant taste and smell 
lure as an alternative to the flour lure could increase WaxTag sensitivity to the 
level achieved using the flour lure used in this study. 

 

7. Recommendations 
• The BMI index should be used as the WaxTag measure of possum abundance. 

The TSI is less accurate and should be removed from the current WaxTag 
protocol. 

• The BMI can be used as an accurate and more cost-effective alternative to the 
TCM for monitoring low-density possum populations where appropriate. This 
recommendation is more pertinent where ground birds are present and where 
terrain and vegetation density make trap setting difficult. However, in the case of 
performance monitoring, the authors recognize that some contractors require 
direct evidence in the form of a possum carcass rather than bite-marks to 
determine whether they meet performance targets.  

• The BMI can be used as an index to accurately measure possum kills. 
• The WTM can be used as a cost-effective means to map possum distribution and 

to identify the location and size of possum clusters. This is likely to be most 
effective using a grid pattern as demonstrated in this study. 

• The 7 night monitoring period should remain in the WaxTag protocol to maximise 
data collection and to minimise the influence of any WaxTag and /or lure wary 
possums. However the 3 night option should be retained for possum monitoring in 
steep terrain where access is difficult. 

• The potential that possums will become wary of WaxTags when they are used 
after cyanide paste baiting should be stated in the WaxTag protocol to caution 
those monitoring possums in areas where cyanide paste has been recently used. 

• A study should be conducted to compare the relative attractiveness of a flour and 
icing sugar blaze the fruit oil lure the photo luminescent lure and a rat and rain 
resistant bait. This research has the potential to increase the sensitivity of WaxTag 
use as defined in the current WaxTag protocol.  
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• A study should be undertaken to determine whether cyanide-shy possums become 
wary of the flour and icing sugar lure used for possum monitoring when using 
traps and WaxTags and to identify ways to mitigate the problem if it occurs. 
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