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Abstract: North Island tomtit (Petroica macrocephala toitoi), tui (Prosthemadera 
novaeseelandiae) and kereru (Hemiphaga novaeseelandiae) density was measured 
using line transect based distance sampling at two treatment sites (Kauaeranga and 
Tapu) and a non-treatment site (Golden Cross) to determine the effect of possum 
(Trichosurus vulpecula) and ship rat (Rattus rattus) control on native forest bird 
abundance. Predator control using aerial 1080 was carried out at Tapu in 2006 and at 
Kauaeranga in 2008, and resulted in a reduction of possums and rats to near zero 
detectability. Tomtit density doubled at both treatment sites in the year after predator 
control. Their density remained at this level during the second and third years 
following predator control at Tapu, while tui and kereru density continued to increase. 
No increase was recorded at the non-treatment site. Increased population densities are 
likely to be related to an increase in breeding success as a result of low predator 
numbers. Some of the increase in tui and kereru densities could also be related to 
immigration following habitat improvement as a consequence of a reduction in 
possums. Further monitoring is required to determine how long the benefits of a 
single operation to temporarily reduce possum and rat numbers will last for tomtits, 
tui and kereru and to decide at what stage further possum and rat control is required to 
provide a long-term increase in their densities. 
 
Introduction 
 
Predation by introduced pest mammals such as possums (Trichosurus vulpecula) and 
ship rats (Rattus rattus) is the primary cause of current declines of New Zealand forest 
birds at the national level (Innes et al., 2010). Predator control has improved breeding 
success of native forest bird species, such as kaka (Nestor meridionalis 
septentrionalis) (Moorhouse et al., 2003) and North Island kokako (Callaeas cinerea 
wilsoni) (Innes et al., 1999). 
 The return intervals for possum control in the Waikato Conservancy are 
currently based on the outcomes of vegetation monitoring. Return intervals ranging 
from 3 to 6 years have shown to decrease possum impacts and increase canopy 
vegetation health (Jacobs, 2010a). These return intervals are, however, not proven nor 
designed to increase native forest bird abundance. In order to develop effective 
predator control programmes that not only protect vegetation, but also protect forest 
birds, we need to understand the effect of predator control on bird species and how 
this varies between different forest communities. 
 In order to address this, a study was set up in the Coromandel Forest Park to 
(1) determine the effect of predator control on native forest bird abundance, (2) 
determine how long the benefits of reduced predator abundance last, (3) determine if 
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the effect of predator control is similar between selected bird species and (4) 
determine if the effect of predator control is similar over a wide geographic range of 
sites. 
 This study is part of a larger meta-analysis to determine the maximum 
periodicity for possum and rat control that will achieve growth in native forest bird 
abundance as a result of pest control carried out by the Department of Conservation. 
 This is an interim report presenting results of monitoring conducted in 2009 
and updates those reports produced in 2006, 2007 and 2008. Monitoring will continue 
until the next possum and rat control operation at each study site. 
 
Methods 
 
Study species 

Measurement of native forest bird abundance was focused on North Island tomtit 
(Petroica macrocephala toitoi), tui (Prosthemadera novaeseelandiae) and kereru 
(Hemiphaga novaeseelandiae). Data was also collected on the relative abundance of 
possums and ship rats. 
 
Study sites 

Monitoring was conducted at two treatment sites (Tapu and Kauaeranga) and at one 
non-treatment site (Golden Cross) in the Coromandel Forest Park. The target for 
possum and rat control for treatment sites was ≤5% or less Residual Trap Catch Index 
(RTCI) for possums and a reduction in rat activity to ≤5% tracking rate by the time 
birds start breeding (September). Means of achieving these targets are not set, but are 
more likely to be met by using an aerial 1080 application given the size of the areas 
involved. 
 Rather then undertaking possum and rat control at sites that were selected for 
bird monitoring, monitoring was established at two sites that were within an aerial 
operation boundary. Monitoring was also undertaken at a non-treatment site. The 
Tapu site (422 hectares) was selected for monitoring within the aerial operation 
boundaries of the larger Tapu River block (786 hectares). A second treatment site 
(Kauaeranga, 532 hectares), 10 kilometres south of Tapu, was identified within the 
aerial operation boundaries of the larger Kauaeranga to Te Puru block (12,854 
hectares). The non-treatment site of Golden Cross (716 hectares), 30 kilometres south 
of Kauaeranga, was selected as a control site because of its similar vegetation type 
and elevation to Tapu and Kauaeranga, and lack of previous pest control. 
 Criteria used for selecting study sites were: kauri/lowland podocarp-hardwood 
forest, on land administered by the Department of Conservation and with reasonable 
access. Monitoring at each site was conducted in kauri/lowland podocarp-hardwood 
forest as this is the most common vegetation type in the Coromandel Forest Park. 
Areas occupied by this vegetation type were identified using Land Resource 
Information System spatial data layers in ArcGIS (Newsome et al., 2000). Areas 
immediately adjacent to waterways and steep gully systems were excluded for bird 
monitoring because such areas do not allow for good data collection. Failure to meet 
the 5% target for possums and rats at a site would mean the discontinuation of 
monitoring at that site. 
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Predator control 

Tapu received possum and rat control in 1999 and 2002, using 1080 in bait stations. In 
August 2006, the area was aerially treated using 6g Wanganui #7 cinnamon non-toxic 
pre-feed pellets distributed at a sowing rate of 2kg/ha, followed 13 days later by 12g 
Wanganui #7 double cinnamon 1.5g/kg 1080 baits at 2kg/ha. Aerial treatment was 
repeated in September 2009; using 6g Wanganui #7 cinnamon non-toxic pre-feed 
pellets distributed at a sowing rate of 2kg/ha, followed 16 days later by 6g Wanganui 
#7 double cinnamon 1.5g/kg 1080 baits at 2kg/ha. The exclusion zone south of the 
Tapu-Coroglen Road, on the northern block boundary, was increased from 100 meters 
(2006 operation) to 300 meters. Due to the size of the area left uncontrolled, the 
exclusion zone was treated 15 days after the aerial operation using hand-broadcast 
1080 baits at approximately 1kg/ha. 
 Kauaeranga received its first possum and rat control in September 2005, using 
12g Wanganui #7 cinnamon non-toxic pre-feed pellets distributed at a sowing rate of 
2kg/ha followed 5 days later by 12g Wanganui #7 double cinnamon 1.5g/kg 1080 
baits at 3 kg/ha. Aerial treatment was repeated in September 2008; using 6g 
Wanganui #7 cinnamon non-toxic pre-feed pellets distributed at a sowing rate of 2 
kg/ha, followed 16 days later by 12g Wanganui #7 double cinnamon 1.5g/kg 1080 
baits at 2kg/ha. Golden Cross has never received any possum or rat control. 
 
Survey methods 

Bird monitoring was undertaken using line-transect distance sampling (Buckland et 
al., 2001). This method has shown to produce unbiased estimates of forest bird 
density (Cassey et al., 2007). The advantage of the method is that it provides 
robustness against variable detectability (Buckland et al., 2001) and observer 
influences (Marques et al., 2007). 
 At each site, possum abundance was estimated using the Residual Trap Catch 
Index (RTCI) method (National Possum Control Agencies, 2008). Rat activity was 
measured using the tracking tunnel methodology (Gillies and Williams, 2005). 
 
Bird and rat monitoring transect establishment 

In 2006, ten rat monitoring transects were established at the Tapu site. Start points of 
lines were chosen, but line bearing were randomly selected. Twelve bird monitoring 
transects were established in the same year. Six transects were set up along existing 
rat monitoring lines, excluding steep and densely vegetated rat transects that were 
unsuitable for bird monitoring. Six bird monitoring transects were set up along old 
possum bait station lines. All transects were at elevations between 220 and 480 
metres. 
 In 2006, ten rat monitoring transects were established at Golden Cross. 
Starting locations and bearings of transects were selected in a similar manner to that 
used for the Tapu site. In the same year, twelve bird monitoring transects were 
established. Six bird transects were set up along existing rat monitoring lines, again, 
excluding rat transects that were unsuitable for bird monitoring. Six bird monitoring 
transects were set up along a walking route that had a closed canopy. Transects were 
established at elevations between 300 and 540 metres. 
 In 2007, twelve bird monitoring transects were established at the Kauaeranga 
site. Start points of transects and transect bearings were randomly selected. Six 
transects were established in the Kauaeranga catchment and six transects in the Te 
Puru catchment. In 2008, six bird monitoring transects were randomly selected from 



docdm-590068 - TCFPP - Distance Sampling - Report 2009 Page 4 of 13 

the total number of bird monitoring transects and utilised for rat monitoring. Transects 
were at elevations between 500 and 620 metres. 
 All bird monitoring transects were between 300 and 450 meters in length, 
measured using a hip-chain. Transects were at least 200 meters apart at the nearest 
point. This is based on the size of tomtit territories, which are estimated to be less than 
100 meters wide (Westbrooke et al., 2003). 
 
Bird monitoring 

Bird monitoring transects were measured annually, in September/October, prior to the 
bird breeding season on the Coromandel Peninsula. Each transect was traversed four 
times. Counts were conducted between 08:00 hrs and 14:00 hrs, during periods of fine 
weather (no rain or strong winds). Transects were walked slowly and at a constant 
speed. Monitoring was done by two experienced observers, working independently on 
different transects. If possible, each transect was walked at a different time of the day, 
in both directions and by different observers. 
 All tomtits, tui, and kereru that were seen or heard within 50 metres on either 
side of the transect were recorded. Perpendicular, horizontal, distances from the 
transect to each bird were recorded to the nearest metre using a laser rangefinder with 
build in inclinometer. Distances less than 5m (minimum focus distance for a 
rangefinder) were estimated visually. Distances to those birds only heard, or not 
clearly seen, were estimated by measuring the distance to vegetation at an equivalent 
distance to where the bird was estimated to be. 
 Bird monitoring data was first collected at the Tapu site in 2006, one month 
after the aerial operation. At the Kauaeranga site, initial bird monitoring data was 
collected in September 2007 (two years after the first aerial 1080 operation) and again 
in 2008, two weeks after the second aerial 1080 operation. Monitoring at Golden 
Cross was initiated in 2006. 
 
Possum monitoring 

Possum populations were indexed at Tapu in 2006 (pre and post control) and in 2009 
(post control). Monitoring was done at Kauaeranga in 2010 (post control). Trend 
monitoring was carried out at Golden Cross in 2006 and 2010. Traps were raised set, 
using nails. Further details on time of year, number of lines and number of trap nights, 
are available in Table 1. 
 
Rat monitoring 

Rat activity was measured annually at each site. Monitoring occurred during 
September/October. Further details on dates that monitoring occurred, number of lines 
and number of tunnels, are available in Table 2. 
 
Data analysis 

The distance sampling data was analysed using the free software DISTANCE 6.0 
(http://www.ruwpa.st-and.ac.uk/distance). Data was analysed using the conventional 
distance sampling (CDS) engine. Data was not truncated beyond the limit set in the 
field and was left ungrouped for analysis. 

 Given the variation in survey timing, differences between observers 
and the likelihood of changes in bird behaviour and detectability between surveys, 
histograms of the perpendicular distance measurements were created separately for 
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each survey where possible. Six robust detection functions suggested by Buckland et 
al. (2001) were fitted to the detection probability histograms and population density 
estimates were derived. Preferred models were selected based on a combination of 
Akaike’s Information Criterion (AIC), goodness of fit statistics (GoF), Q-Q plots, 
overall variance estimates and visual inspection of detection probability histograms. 
Densities from competing models (ΔAIC<3), were averaged using a model averaging 
procedure (Burnham and Anderson, 2002).  

The number of detections for tui and kereru, particular at the non-treatment 
site, were limited, and in those cases, data was pooled across surveys to maximise the 
sample size. Data was then post-stratified to estimate population densities for each 
survey, based on a global detection function. 
 Possum trap catch indices were calculated using the methods outlined in the 
protocol for possum population monitoring from the National Possum Control 
Agencies (2008). Rat activity was calculated using the methods described by Gillies 
and Williams (2005). 
 
Results 
 
Possum and rat control 

Possum and rat monitoring at Tapu and Kauaeranga has shown that possum trap catch 
indices (Table 1) and rat tracking rates (Table 2) were below 5% following each aerial 
1080 operation. Rat numbers increased rapidly, reaching pre-operation indices within 
a year after an operation. Indices of rat activity at Golden Cross remained higher than 
indices obtained from predator control areas and possum trap catch has remained 
higher than at any of the treatment sites. 
 
Effect of predator control on tomtits 

Tomtit density doubled during the first year after predator control at both the Tapu 
(Table 3) and Kauaeranga (Table 4) study sites. Tomtit density remained high during 
the second and third year following predator control at Tapu. This is reflected in the 
positive slope (+0.45, Figure 1) of the linear regression model fitted to the data.  
Similar data is not yet available from Kauaeranga to determine if this is typical, 
however the population has so far shown a strong increase (+0.70) compared to pre-
operational levels. The population at the non-treatment site (Table 5) showed a 
decreasing trend (-0.56) over the monitoring period.  
 
Effect of predator control on tui 

Tui density at Tapu (Table 6) did not increase until the second year after predator 
control and continued to increase into the third year, which is reflected in the positive 
slope of the linear regression model (+0.77, Figure 2). The population at Kauaeranga 
(Table 6) increased in the first year after predator control (+0.94). The population at 
the non-treatment site (Table 8) did not change over the monitoring period (+0.05).  
 
Effect of predator control on kereru 

Kereru density at Tapu (Table 9) did not increase until the second year following 
predator control and continued to increase into the third year of post-operational 
monitoring (+0.50, Figure 3). The population at the non-treatment site (Table 10) 
showed a decreasing trend (-0.31) over the same period. The number of detections for 
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kereru at Kauaeranga was too limited to reliably estimate their population densities 
and population trends are not presented.   
 
Discussion 
 
Benefits of predator control 

Aerial 1080 had temporarily reduced possum and rat numbers, causing tomtit, tui and 
kereru densities to increase. Increased tomtit densities are likely to be related to 
population growth as a result of increased breeding success following a season of low 
predator numbers. Tomtit territories are small and tomtits remain in the same 
territories all year and it is unlikely that the increase could have been caused by 
tomtits immigrating from outside the treatment areas. 

The larger tui and kereru can travel considerable distances, and some of the 
increase in their densities could have been the result of immigration following habitat 
improvement such as an increase in foliage, flowering and fruiting. 

No increase in tomtit, tui and kereru density was seen at the non-treatment site, 
indicating that possum and rat numbers were too high for tomtits, tui and kereru to 
successfully breed beyond possible replacement of lost individuals. 
 While rat numbers were heavily reduced as a result of the aerial 1080 
operation, their numbers increased to pre-operational levels within a year after 
control. This has also demonstrated that one breeding season of low predator numbers 
is enough to allow tomtit, tui and kereru densities to be at an increased level for at 
least three years. 
 
Differences between bird species 

Tomtits responded to reduced predator numbers more rapidly than tui and kereru, 
doubling their density in the first year after predator control, but did not change after 
this initial increase. This rapid increase is likely to be related to tomtits fast 
reproduction cycle. Tomtits lay between three and six eggs and each tomtit pair can 
raise up to three broods. With rat tracking rates indicating that rat abundance had 
returned to or near pre-operational levels after one year, it is expected that tomtit 
breeding success significantly declined, resulting in no further gain in abundance after 
the first year. 
 Tui and kereru density increased into the second and third year after predator 
control which could be because the larger tui and kereru might not have been loosing 
adults to rats, and thus, would keep increasing. Another reason why tui and kereru 
kept increasing could be that their food (foliage, flowers and fruits) kept increasing as 
a result of low possum numbers. 
 
Differences between study sites 

At both treatment sites, tomtit density doubled during the first year after predator 
control. While tui and kereru density at both treatment sites increased over the 
monitoring period, their densities did not increase until the second year after the 
operation at Tapu. Both species have a long breeding season (September till January), 
and it is unlikely that a tui or kereru chick born in 2006 or early 2007 would have 
been breeding by September 2007. Juvenile birds are not likely to show territorial 
behaviour so their presence is unlikely to have been noted until September 2008. 
Some of the increase may also be due to immigration that follows improvement in 
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foliage, flowers and fruiting, which is likely to occur one to two years after possum 
control. 
 Tui density at Kauaeranga did however increase in the first year after predator 
control. Such differences between study sites could be related to differences in 
breeding success in relation to resource availability. Good years mean that more birds 
attempt to breed; poor years mean that fewer birds breed, which is also related to 
predator numbers. Habitat quality could have been better at Kauaeranga compared to 
Tapu, as an artefact of the previous 1080 operation at Kauaeranga in 2005, causing 
more birds to breed. The increase in tui at Kauaeranga in the first year after the 2008 
operation could also have been the result of exponential population growth as a result 
of an increased population density following the 2005 operation.  
 
Recommendations for future monitoring 

Possum and rat control at Kauaeranga and Tapu has now been moved to a six year 
control regime. Long-term monitoring until the next predator control operation at each 
study site is required to determine how long the benefits of a temporary reduction in 
predator abundance will last for each species and to decide at what stage further 
possum and rat control is required to achieve a long term increase in their densities. 

Even though bird monitoring transects at each site were established in similar 
vegetation types, four years of monitoring at Tapu has shown that tomtit, tui and 
kereru abundance is consistently high on some transects and low on other transects, 
and that an increase in density has mainly been seen on the high density transects. 
This is likely to be related to habitat quality. Differences between high and low 
density transects result in large confidence intervals around the point density estimates 
(Figure 1, 2 and 3). Because the number of detections is still limited, it has not been 
possible to overcome this issue by stratifying high and low density transects during 
analysis.  
 To reduce the chance of establishing transects in high or low density areas in 
the future, it is recommended that, when new studies are designed, or new sites are 
added to this trial, the sample size is increased to a minimum of twenty transects. 
More transects will not only result in sampling a larger area within the study site, but 
will also reduce the sampling effort for each transect, decreasing the number of times 
that each potentially high or low density transect is being sampled. It is also 
recommended that transects are distributed using a systematic design (with a random 
start point; Buckland et al., 2001) or a completely random design (e.g. using a 
Random Transect Generator Tool in ArcGIS). Differences between high and low 
density transects also highlight the need for adequate replication of sample units. 
 Tui and kereru numbers were low at the non-treatment site and the number of 
detections was limited, making it difficult to reliably estimate population densities. 
Even though pooling the data across surveys followed by post-stratification enabled 
us to determine population trends, a larger number of detections would have allowed 
for estimation of population densities based on independent detection functions. This 
would have enabled us to account for variation in survey timing, differences between 
observers and the likelihood of changes in bird behaviour and detectability between 
surveys.  

As bird numbers are expected to be lower in unmanaged forest, monitoring of 
such sites should not be underestimated and the need to obtain reasonable numbers of 
detections for each of the monitored species should be stressed. This might require an 
increased sampling effort for each transect (e.g. transect at the non-treatment site 
should be sampled 3 times opposed to 2 times at the treatment sites). 
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 The Waihaha Ecological Area and nearby non-treatment site (Jacobs, 2010b) 
will be added to this trial in July 2010. Ideally, other Conservancies should participate 
in this trial to help determine the benefits of predator control in a variety of forest 
communities. This would help guide operational management on a national level. 
 
Acknowledgements 
 
I thank Carol Nanning, Heather Blackwell, Paul Schneider, Daniela Suess, Hilary 
Donald, Oliver Gansell and Andrew Styche for their assistance with the bird 
monitoring, Malcolm Macfarlane for collecting possum monitoring data, and Hauraki 
Area Office staff for their assistance with possum and rat monitoring. Thanks to 
Andrew Styche and Terry Greene for helpful comments on the draft version of this 
report and to John Innes for his help with the interpretation of some of the results. 
Thanks to Sally and Sacha Sank and to Craig and Janelle Barham for access across 
private land. 
 
References 
 
Buckland ST, Anderson DR, Burnham KP, Laake JL, Borchers DL, Thomas L 2001. 

Introduction to distance sampling. Oxford University Press, Oxford. 
Gillies C, Williams D 2005. Using tracking tunnels to monitor rodents and mustelids. 

OLDM-118330. Department of Conservation, Wellington, New Zealand. 
Burnham KP, Anderson DR 2002. Model selection and multimodel inference: a 

practical information-theoretic approach. 2nd edn. New York, Springer. 
Cassey P, Craig, JL, McArdle BH, Barraclough RK 2007. Distance sampling 

techniques compared for a New Zealand endemic passerine (Philesturnus 
carunculatus rufusater). New Zealand Journal of Ecology 31: 223-231. 

Innes J, Hay R, Flux I, Bradfield P, Speed H, Jansen P 1999. Successful recovery of 
North Island kokako Callaeas cinerea wilsoni populations by adaptive 
management. Biological Conservation 87: 201-214. 

Innes J, Kelly D, Overton J, Gillies C 2010. Predation and other factors currently 
limiting New Zealand forest birds. New Zealand Journal of Ecology 34: 86-
114. 

Jacobs I 2010a. (unpublished). Awaroa-Hauturu – Foliar Browse Index Monitoring 
Report 2009. DOCDM-563005. Report prepared for the Department of 
Conservation, Waikato Conservancy, Hamilton, New Zealand. 

Jacobs I 2010b. (unpublished). Measuring the effect of predator control on native 
forest bird abundance in the Waihaha Ecological Area, Pureora Forest Park. 
DOCDM-565728. Report prepared for the Department of Conservation, 
Waikato Conservancy, Hamilton, New Zealand. 

National Possum Control Agencies 2008. Protocol for possum population monitoring 
using the trap-catch method. National Possum Control Agencies, Wellington, 
New Zealand. 

Marques TA, Thomas L, Fancy SG, Buckland ST 2007. Improving estimates of bird 
densities using multiple-covariate distance sampling. Te Auk 124: 1229-1243. 

Moorhouse R, Greene T, Dilks P, Powlesland R, Moran L, Taylor G, Jones A, 
Knegtmans J, Wills D, Pryde M, Fraser I, August A, August C 2003. Control 
of introduced mammalian predators improves kaka Nestor meridionalis 
breeding success: reversing the decline of a threatened New Zealand parrot. 
Biological Conservation 110: 33-44. 



docdm-590068 - TCFPP - Distance Sampling - Report 2009 Page 9 of 13 

Newsome PFJ, Wilde RH, Willoughby EJ 2000. Land Resource Information System 
Spatial Data Layers. Volume 1: ‘Label Format’. Manaaki Whenua-Landcare 
Research, Palmerston North, New Zealand. 

Westbrooke IA, Etheridge ND, Powlesland RG 2003. Comparing methods for 
assessing mortality impacts of an aerial 1080 pest control operation on tomtits 
(Petroica macrocephala toitoi) in Tongariro Forest. New Zealand Journal of 
Ecology 27: 115-123. 

 



docdm-590068 - TCFPP - Distance Sampling - Report 2009 Page 10 of 13 

Table 1. Possum trap catch indexes measured at Tapu, Kauaeranga and Golden Cross. 
Predator control at Tapu occurred in 2006 and 2009 and at Kauaeranga in 2008. 

RTCI Block Date 
Pre Survey Post 95% CI 

No. of 
lines 

Trap 
nights 

29/04/2006 6.4%   5.2% 6 171.5 
29/11/2006   0.0% 0.0% 5 150.0 

Tapu 
 

29/11/2009   1.7% 3.5% 4 119.0 
Kauaeranga 05/03/2010   0.0% 0.0% 6 176.5 

14/12/2006  35.1%  10.5% 6 158.0 Golden Cross 
12/02/2010  17.3%  5.9% 4 116.0 

 
Table 2. Rat tracking rates measured at Tapu, Kauaeranga and Golden Cross. 
Predator control at Tapu occurred in 2006 and 2009 and at Kauaeranga in 2008. 

Mean rat tracking rate Block Date 
Pre Survey Post SE 

No. of 
lines 

No. of 
tunnels 

09/08/2006 98.0%   1.0% 9 89 
20/09/2006   5.0% 4.0% 10 100 
20/08/2007  99.0%  1.0% 10 96 
14/10/2008 93.0%   3.0% 10 100 

Tapu 
 

29/10/2009   1.0% 1.0% 10 100 
01/07/2008 100.0%   0.0% 6 60 
21/10/2008   0.0% 0.0% 6 60 

Kauaeranga 

12/10/2009  62.0%  10.0% 6 60 
23/08/2006  95.0%  5.0% 10 100 
26/09/2006  96.0%  3.0% 10 99 
23/08/2007  63.0%  6.0% 10 100 
21/10/2008  59.0%  8.0% 10 98 

Golden Cross 

11/12/2009  34.0%  8.0% 6 59 
 
Table 3. Model averaged density estimates ( D̂ ) for tomtits at Tapu using independent 
detection functions for each survey.  
Survey n Model 

(key+adjust) 
Delta 
AIC 

GoF 
Chi-P 

D̂  D̂ %CV D̂  Lower 
95%CI 

Upper 
95%CI 

Hnorm+cos 1.78 0.082 0.364 27.36 
Hazrate+cos 0.00 0.211 0.362 23.20 

2006 61 

Unif+cos 0.47 0.110 0.324 22.39 
0.349 0.183 0.514 

Hnorm+cos 0.00 0.183 0.670 16.65 
Hazrate+cos 2.43 0.169 0.716 28.07 
Unif+cos 0.09 0.209 0.694 16.13 

2007 73 

Unif+poly 0.58 0.121 0.617 14.37 

0.669 0.442 0.896 

Hnorm+cos 1.48 0.203 0.691 28.28 
Hazrate+cos 0.00 0.183 0.688 30.32 
Unif+cos 0.95 0.127 0.773 29.15 

2008 55 

Unif+poly 2.29 0.097 0.758 26.60 

0.720 0.301 1.139 

Hnorm+cos 0.71 0.495 0.662 36.71 
Hazrate+cos 0.46 0.372 0.608 37.28 
Unif+cos 0.41 0.490 0.593 35.29 

2009 52 

Unif+poly 0.00 0.493 0.613 38.04 

0.617 0.162 1.073 
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Table 4. Model averaged density estimates ( D̂ ) for tomtits at Kauaeranga using 
independent detection functions for each survey. 
Survey n Model 

(key+adjust) 
Delta 
AIC 

GoF 
Chi-P 

D̂  D̂ %CV D̂  Lower 
95%CI 

Upper 
95%CI

Hnorm+cos 2.91 0.074 1.320 18.07 
Hazrate+cos 0.00 0.148 1.265 11.18 

2007 131 

Unif+cos 2.87 0.061 1.234 16.58 
1.269 0.939 1.598 

Hnorm+cos 0.55 0.580 1.194 16.66 
Hazrate+cos 1.29 0.513 1.218 18.88 
Unif+cos 0.00 0.533 1.191 16.06 

2008 133 

Unif+poly 1.72 0.438 1.189 16.45 

1.197 0.794 1.599 

2009 158 Hazrate+cos 0.00 0.174 2.368 12.95 Not 
averaged 1.823 3.075 

 
Table 5. Model averaged density estimates ( D̂ ) for tomtits at Golden Cross using 
independent detection functions for each survey. 
Survey n Model 

(key+adjust) 
Delta 
AIC 

GoF 
Chi-P

D̂  D̂ %CV D̂  Lower 
95%CI 

Upper 
95%CI

Hnorm+cos 0.00 0.352 0.624 22.80 
Hazrate+cos 1.21 0.293 0.681 28.21 
Hazrate+poly 1.80 0.237 0.729 32.81 

2006 63 

Unif+cos 0.87 0.297 0.653 23.29 

0.660 0.322 0.997 

Hnorm+cos 0.31 0.212 0.727 15.57 
Hazrate+cos 2.66 0.132 0.745 23.79 
Unif+cos 0.00 0.206 0.759 15.50 

2007 105 

Unif+poly 0.92 0.202 0.686 14.25 

0.731 0.497 0.965 

Hnorm+cos 0.33 0.733 0.598 21.39 
Hazrate+cos 0.67 0.759 0.554 22.23 
Unif+cos 0.00 0.728 0.608 19.84 

2008 67 

Unif+poly 1.56 0.670 0.594 20.73 

0.590 0.343 0.838 

Hnorm+herm 0.94 0.212 0.601 22.10 
Hazrate+cos 0.38 0.231 0.504 20.73 
Unif+cos 0.00 0.251 0.612 19.78 

2009 60 

Unif+poly 0.20 0.161 0.526 27.08 

0.560 0.311 0.809 

 
Table 6. Model averaged density estimates ( D̂ ) for tui at Tapu using independent 
detection functions for each survey. 
Survey n Model 

(key+adjust) 
Delta 
AIC 

GoF 
Chi-P 

D̂  D̂ %CV D̂  Lower 
95%CI 

Upper 
95%CI

Hnorm+cos 0.00 0.044 0.547 27.61 
Hnorm+herm 0.39 0.014 0.399 21.29 
Hazrate+cos 1.92 0.012 0.503 29.29 
Unif+cos 0.49 0.013 0.409 21.78 

2006 59 

Unif+poly 0.43 0.013 0.389 19.90 

0.448 0.236 0.661 

Hnorm+cos 0.31 0.591 0.341 28.00 
Hazrate+cos 0.30 0.866 0.300 25.23 
Unif+cos 0.97 0.489 0.356 27.91 

2007 63 

Unif+poly 0.00 0.706 0.328 25.20 

0.329 0.155 0.503 

Hnorm+cos 0.17 0.561 0.743 23.89 2008 52 
Hazrate+cos 2.13 0.536 0.900 21.51 

0.759 0.406 1.110 
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Unif+cos 0.00 0.566 0.770 23.57 
Unif+poly 1.22 0.457 0.674 22.43 
Hnorm+cos 1.30 0.571 0.880 24.12 
Unif+cos 0.00 0.694 1.007 25.27 

2009 51 

Unif+poly 1.52 0.388 0.838 24.62 
0.934 0.470 1.398 

 
Table 7. Model averaged density estimates ( D̂ ) for tui at Kauaeranga, derived from a 
global detection function, post-stratified by survey. 
Survey n Model 

(key+adjust) 
Delta 
AIC 

GoF 
Chi-P

D̂  D̂ %CV D̂  Lower 
95%CI 

Upper 
95%CI 

2007 21 Unif+cos  0.744 0.122 27.37 Not 
averaged 

0.067 0.22 

Unif+cos 0.00 0.304 0.214 28.96 2008 26 
Unif+poly 0.60 0.128 0.189 26.98 0.203 0.089 0.318 

Unif+cos 1.63 0.010 0.409 33.38 2009 35 
Unif+poly 0.00 0.016 0.421 33.00 0.417 0.141 0.694 

 
Table 8. Density estimates ( D̂ ) for tui at Golden Cross, derived from a global 
detection function, post-stratified by survey. 
Survey n Model 

(key+adjust) 
GoF 

Chi-P
D̂  D̂ %CV Lower 95%CI Upper 95%CI 

2006 14 Unif+poly 0.534 0.074 34.73 0.035 0.155 
2007 12 Unif+poly 0.066 0.107 36.39 0.051 0.222 
2008 6 Unif+poly 0.050 0.076 63.37 0.022 0.263 
2009 7 Unif+poly 0.053 0.093 90.22 0.018 0.488 

 
Table 9. Density estimates ( D̂ ) for kereru at Tapu, derived from a global detection 
function, post-stratified by survey. 
Survey n Model 

(key+adjust) 
GoF 

Chi-P
D̂  D̂ %CV Lower 95%CI Upper 95%CI 

2006 36 Hnorm+cos 0.036 0.316 25.86 0.186 0.536 
2007 28 Hnorm+cos 0.004 0.230 28.87 0.127 0.416 
2008 36 Hnorm+cos 0.109 0.509 33.15 0.258 1.007 
2009 27 Hnorm+cos 0.022 0.457 29.69 0.247 0.848 

 
Table 10. Density estimates ( D̂ ) for kereru at Golden Cross, derived from a global 
detection function, post-stratified by survey. 
Survey n Model 

(key+adjust) 
GoF 

Chi-P
D̂  D̂ %CV Lower 95%CI Upper 95%CI 

2006 19 Unif+poly 0.827 0.130 19.27 0.085 0.197 
2007 10 Unif+poly 0.251 0.068 37.69 0.031 0.152 
2008 10 Unif+poly 0.395 0.131 43.97 0.053 0.319 
2009 7 Unif+poly 0.488 0.048 38.42 0.021 0.108 
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Figure 1. Density estimates (birds per hectare ± 95% CI) and trend line (dashed) for tomtits at Tapu, 
Kauaeranga and Golden Cross. Arrows indicate aerial 1080 operations. 
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Figure 2. Density estimates (birds per hectare ± 95% CI) and trend line (dashed) for tui at Tapu, Kauaeranga 
and Golden Cross. Arrows indicate aerial 1080 operations. 
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Figure 3. Density estimates (birds per hectare ± 95% CI) and trend line (dashed) for kereru at Tapu and Golden 
Cross. Arrows indicate aerial 1080 operations. 


