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Hihi, tui and tieke density on Hauturu 2005-2012 
 

Robin Toy, October 2012 

 

Executive Summary and Recommendations 
Population monitoring of hihi, tui and tieke on Hauturu using distance sampling has 

been conducted annually in spring since 2005 with the exception of 2008. Currently 

the main objective of this programme is to identify unpredicted changes in density 

that may occur through adverse events such as weather, failure of food supply or 

disease. Such monitoring is particularly pertinent to hihi, for which Hauturu has the 

world’s only self-sustaining population.  Understanding the Hauturu population and 

the factors that affect it will contribute to the Species Recovery Plan goal of 

establishing five self-sustaining populations (Department of Conservation, 2005).  

In each year, distance sampling has been performed at a network of 98 observation 

points in the SW of Hauturu. In 2012 this network was extended to 148 points, so that 

the network would cover a larger section of the island. In 2010 and 2011 sampling 

was also performed at 58 points in the NE of Hauturu. This report describes the work 

performed September 19 to October 1, 2012 and in the process, reanalyses the data of 

the previous seven years.  

 

The distance sampling data were analysed using DISTANCE v6.0 Release 2 software 

(Thomas et al, 2009). The analyses show (Figure 1): 

 Hihi   

In the SW Sector there has been a significant decline in population density 

from 2005 to 2012. Densities in 2011, 2010 and 2007 were very similar at 

about 1.0 hihi/ha, but reduced in 2012 to 0.82 birds/ha. In 2009, 2006 and 

2005 densities were four to five times higher. Analysis of the data with and 

without the survey points introduced in 2012, gave almost the same hihi 

density (0.80 hihi/ha without the new 2012 points, 0.83 hihi/ha without them).  

Reasons for the ongoing decline and the inter-annual differences are not 

apparent from the distance sampling programme, in particular whether they 

are driven by adult survival or variability in recruitment. Toy (2011) identified 

no evidence that they are an artefact of sampling methodology or analysis.  

 

 Tui 

In 2012 the tui population density in the SW Sector was 0.76 birds/ha, 

significantly lower than in all previous years. In 2011, the tui population 

density was the same as in 2005, following lower estimates in 2007, 2009 and 

2010. 2011 is the one year in which the year-on-year pattern of change in tui 

population density has differed from that for hihi.   

 Tieke 

The SW Sector tieke population density appears more stable than hihi or tui, at 

about 2.0 tieke/ha (range 1.7-2.8 tieke/ha) over the seven years of sampling.  

The 2012 density of 1.7 birds/ha is the same as that seen in 2007, but is 

significantly lower than in all other years. 
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The low hihi density seen in 2012 compared to all previous years underscores the 

need to investigate factors determining hihi density. It is recommended that a hihi 

food plant phenology monitoring programme be initiated to examine whether nectar 

availability is correlated with future population density estimates. 

 

The Hihi Recovery Group (Hihi News, 2012) discussed the use of acoustic recorders 

to see if they would provide information on population density trends. Consideration 

and limited field trials of acoustic recorders were performed prior to the distance 

sampling in 2012. It is concluded it is impractical to use these to provide information 

relevant to understanding hihi population densities.  
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Figure 1 Density estimates of hihi, tui and tieke on Hauturu 

 

Hihi 

 
Tui 

 
Tieke 

 
Letters in common over bars denote surveys in which density estimates are not significantly different. 
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Recommendations 
The decrease in hihi density from 2005-2012 is of concern. Distance sampling should 

be continued in 2013 and annually thereafter to identify further density changes. A 

programme to determine causes of the changes needs to be initiated as soon as 

possible. Ideally a hihi population dynamics model would be developed including 

terms for adult survival and juvenile recruitment. Adult survival could be addressed 

through a mark-recapture or mark-resighting programme, but previous efforts did not 

net and colour-band the necessary 40% of the population (Toy 2009b). Juvenile 

recruitment could be addressed through a nest-monitoring programme but previous 

attempts at such nest monitoring (Johnston, 2006; Bapty et al, 2007; Cross, 2008 and 

Waite, 2009) were very resource intensive. An alternative to this intensive programme 

is to investigate the degree to which flowering phenology and climate directly 

influence population density. Ad hoc observations of flowering of key hihi food plants 

showed major differences between 2011 and 2012 but, if a link between phenology 

and population density is to be identified, such observations need to be formalised 

within a rigorous phenology monitoring programme. The phenology results together 

with climate records should be analysed for correlation to changes in hihi (and other 

bird species) density. 

 

1. The distance sampling programme should be repeated in 2013 and annually 

thereafter in the SW sector of Hauturu. 

Rationale: hihi density has been shown to vary year-on-year by a factor of 

five, but there has been a significant decrease since 2005 with the density 

in 2012 being the lowest yet recorded (0.82 hihi/ha). Sampling should be 

continued to determine if this decrease continues and for correlation to 

Recommendations 2 and 3. 

 

2. A long-term phenology monitoring programme should be initiated, focusing 

on flowering species known to be food plants of hihi and other honeyeaters. 

The survey should estimate timing and abundance of flowering of marked 

plants of selected species along an altitudinal transect and be performed at 

regular intervals throughout the year. 

Rationale: The cause of the variability in hihi density needs to be 

determined. Incidental observations suggest inter-annual differences in 

flowering abundance of key food species, but this needs to be quantified 

for correlation to hihi population density estimates.  

 

3. Climate data should continue to be collected and existing data should be 

collated and modelled compared to patterns in hihi numbers and phenology 

observations. 

Rationale: flowering phenology is driven by climate variables. 

Examination of climate data may provide an indicator as to future hihi 

population densities. 

 

4. The scale of the work needed to fulfil these recommendations requires a well 

defined and co-ordinated programme. An indication of resources required is: 

 

Recommendation Resource Timing 

1 Distance sampling 

– SW Sector 

7 volunteers and a 

contractor 

12 days (10 days for sampling 

including bad weather and rest 
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Recommendation Resource Timing 

days, two travel days) in the 

last two weeks in September.   

2 Phenology survey Contractor/Island 

staff  

2 days/month outside of hihi 

breeding season, 4 days/month 

September-March 

3 Analysis of climate 

data 

Contractor To be discussed 
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Introduction 
In the Hihi Recovery Plan (2004-2009) it is stated that ‘the number of hihi on Hauturu 

is unknown; estimates range from 600 to 6000 individuals. No information is 

available on population trends; consequently, population fluctuations and basic 

demographic parameters are unknown’ (Department of Conservation, 2005). To 

address this knowledge gap, distance sampling of hihi on Hauturu has been performed 

since 2005 to: 

 identify changes in population density following the eradication of kiore in 2004; 

 understand the source populations from which birds may be taken for 

translocations; 

 identify unpredicted changes in populations that may occur through weather, 

disease or other factors.   

Of these objectives, the third is currently most relevant. Toy (2011) reviewed the 

information pertinent to the first two objectives. Population monitoring of Hauturu’s 

hihi is particularly important since Hauturu has the world’s only self-sustaining 

population. To aid interpretation of the hihi data, distance sampling has also been 

performed on tui, another nectivorous species, and tieke, which has completely 

different ecology to the nectivores. 

 

Distance sampling performed in 2005 to 2011 has been reported previously (Warren, 

2007; Toy 2009a, 2010, 2011).  This report describes the work performed in 2012 and 

in the process reanalyses the data of previous years.    

 

In spring 2005 to 2007 and 2009 to 2011 distance sampling was performed at a 

network of 98 observation stations over a six to 14 day period in the SW of Hauturu.  

In 2012, 50 new observation points were added (Figure 2). The extended network was 

sampled over a 13 day period (September 19 to October 1).   

 

In spring 2010 and 2011 distance sampling was also performed at a second network of 

58 stations in the NE of the island.  Sampling in the NE sector was not repeated in 

2012 due to resource constraints. 

 

Prior to the 2012 distance sampling some thought was given to the use of acoustic 

recorders for hihi monitoring on Hauturu. Some observations and trial results are 

described in Appendix 6. 
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Survey Design 

SW Sector 

The original distance sampling network comprised 98 observation points spaced 

approximately on a 200 m grid, covering a range of altitudes from a high point of over 

600 m to near sea-level, the mode being 100-200 m.  The area covered by the grid was 

about 400 ha or 13% of the island (Figure 2).  The main vegetation type is 

kanuka/manuka at low altitudes giving way to kauri/beech/rata, then rata/tawa and 

tawhero/tawa on the higher slopes. Further details are given in Toy (2009a). Fifty new 

points were added in 2012 extending the 200m grid to the north and south-east of the 

existing network (Figure 2). The area of the extended network is about 600 ha or 19% 

of the island. The new points range from about 40 m to 430 m and the vegetation 

types are similar to those in the original network. The new points were added since 

analysis of previous years’ data (unreported) showed density estimates would be little 

affected by visiting observation points fewer times than has been done previously. It 

was decided observers’ effort would be better deployed sampling a larger area, thus 

increasing confidence that density estimates are representative of the island. The 

intention was that more observation points be visited but each would be visited fewer 

times.  

 

Flagged routes are followed between points. In 2012 changes were made to the route 

descriptions to incorporate the new points, and maps of all routes were redrawn to 

more accurately represent what is seen on the ground. The routes and route 

descriptions are shown in Appendix 1.  

 

NE Sector  

A set of 58 observation points was set up in 2009, again based on a 200 m grid 

(Figure 2). The sector is at higher altitude than the SW Sector, with observation points 

ranging in altitude from 185 to 607 m, the mode being 400-500 m. The area covered 

by the grid is about 230 ha or about 7.5% of the island.  The main vegetation type is 

rata/tawa with patches of kauri on the slopes and tawhero/tawa at higher elevations. 

Further details are given in Toy (2009a).  

 

The NE sector was not sampled in 2012 due to resource constraints. 
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Figure 2 Hauturu distance sampling observation points 
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Methods 
A team of one contractor and eight volunteers visited each point. Two of the observers 

were only available for half the time. Despite the additional points introduced in 2012, 

excellent weather for distance sampling meant that each point was visited in 2012 

nearly as many times as those on the smaller network in previous years. Six points 

were visited nine times, 61 were visited ten times and 81 were visited 11 times. 

Observers visited differing numbers of points (average 195, range 170 to 273), 

excluding the observers who were only available half the time. However, the team 

was organised to spread observers’ effort as widely as possible, thus, on average each 

observer visited 67% of points once, 37% of points twice and the two observers who 

were available for half the time visited every point (74% of points by one or other and 

26% by both). 

 

A standard distance sampling method was followed as described below.   

 

The objective is to measure the distance of birds of the three target species from a 

network of prescribed observation points. Observers follow prescribed routes from 

observation point to observation point.  At each point a mental ‘snapshot’ of the hihi, 

tui and tieke within 25 m of the point is taken.  Observers begin to form this 

‘snapshot’ as they approach the points and then spend four minutes at the point 

striving to record the initial location of birds.  Particular care is taken to avoid error 

that could be introduced by not taking account of birds moving towards or fleeing 

from the observer.  Birds moving into the area during this period are ignored.  Birds 

are located either by sound or visually, but only if there is no doubt as to location is an 

aural record accepted.  If a bird is heard but cannot be seen, the observer may move in 

the direction of the sound to try to pinpoint the location of the bird.  The horizontal 

radial distance from the point to the location at which each bird is initially located is 

measured.  Distances less than 6 m are recorded to the nearest 0.1 m using a tape 

measure, distances between 6 and 25 m are measured to the nearest metre using either 

a tape measure or a laser range-finder.  If birds of the same species are seen in the 

same location and are clearly interacting (i.e. moving around together, or chasing each 

other away) they are recorded as a cluster, the number of birds within the cluster is 

noted and the distance measured is to the centre of the cluster.  Data are recorded on a 

template form to which revisions were made in 2012 (Appendix 2). 

 

Observers are trained to focus their efforts to ensure the three basic assumptions of 

distance sampling are met: that birds at the observation point (0 m distance) are 

always noted; that birds are detected at their initial location; and that distances are 

measured accurately. Additional notes given to observers to try to ensure a robust, 

consistent methodology were updated in 2012 (Appendix 3). 

  

All observations are made between 7:00 and 16:00 (8:00-17:00 after 30 September 

2012 when New Zealand summer time started).  Observations are not performed if 

rain persists at level 2 or greater or wind strength persists at 3 or greater (see 

Appendix 2). Wind strength is evaluated as the average during the four minute 

observation period, but observers are encouraged to consider whether the 

environmental conditions obstruct their ability to detect birds rather than to dwell on 

whether the wind exceeds a particular strength. 
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In addition to the distance measurements, observers also record the presence of any 

bird species within 25 m of the observation point (presence sampling).  Presence 

recording is not restricted to the four minute observation period used for distance 

sampling and birds entering the 25 m zone around the observation point are recorded. 

These data have not been analysed in 2012.  

 

In 2011 and 2012, observers made ad hoc records of flowering species on which hihi, 

tui or bellbird were seen feeding and recorded bands on any banded hihi seen. 

 

In the last eight years, the survey has been undertaken in the SW sector in the last two 

weeks of September, first week in October to reduce variation arising from seasonal 

variation in the detectability of birds, for example effects that breeding may have due 

to females spending a significant proportion of their time incubating. 

 

The use of acoustic recorders as a means of surveying hihi was trialed in 2012. The 

methodology is described in Appendix 6. 
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Analysis 
 

The data for each of the three species were analysed using DISTANCE 6.0 Release 2 

software (Thomas et al, 2009).   

 

In 2009, field observations were truncated at 25 m and the same practice has been 

followed subsequently.  Analyses of all years were therefore truncated at 25 m, even 

though data were collected beyond 25 m in 2005-2007.  Separate detection functions 

were developed for the SW and NE sectors because the terrain and vegetation differ. 

 

Initially, distance measurements taken in all years were lumped into 1 m intervals and 

histograms were plotted for each species (Appendix 4).  The histograms were 

subjectively examined to determine whether they had the classic distance sampling 

distribution with a distinct shoulder followed by a gradual decrease not descending to 

zero. Prior to fitting a model to the data, the use of ‘filters’ to aggregate the data and 

truncation of the distance distribution was examined to see if this achieved a more 

ideal distribution. The data were post-stratified by year to determine annual density 

estimates. 

 

Distributions were analysed to estimate population density using the six models 

recommended by Buckland et al (2001). The fit of each model was examined using 

QQ plots and 
2
 goodness-of-fit and the models were compared based on AIC, 

Akaike’s Information Criterion.  Annual average density estimates and confidence 

intervals were calculated for models with ∆AIC≤2.  The significance of changes in 

density estimates was calculated using t-tests.  

 

Mean cluster size in the SW and NE sectors was 1.06 and 1.12 for hihi, 1.12 and 1.1 

for tui and 1.20 and 1.25 for tieke. In all analyses, cluster size was taken into account 

using the mean of observed cluster size.  All density estimates discussed in this report 

are for birds, rather than clusters.   

 

Additional analyses were performed on the hihi data using the Multiple Covariate 

Distance Sampling analysis engine within DISTANCE. ‘Observer’ was input as a 

factor covariate and the number of adjustment factors was sequentially increased. 

 

Trends in density estimates were examined by regression analysis tools within 

EXCEL. 
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Results 

Weather 

Weather during the 2012 sampling season was generally settled, sampling was 

performed on 11 days out of a possible 13 days (Table 1).  

 

Table 1. Weather during the 2011 survey 

Date Weather Activity 

19 September Overcast, calm, dry 8 team members sampled 

20 September Partly cloudy, calm, dry 7 team members sampled 

21 September Overcast, some wind, dry 7 team members sampled 

22 September Overcast, little wind, little drizzle 7 team members sampled 

23 September Overcast, little wind, little drizzle 8 team members sampled 

24 September Overcast, some wind, dry 8 team members sampled 

25 September Fine, little wind, dry No sampling – rest day 

26 September Overcast, some wind, little drizzle 8 team members sampled 

27 September Overcast, little wind, dry 8 team members sampled 

28 September Overcast, windy, dry No sampling – too windy 

29 September Overcast, some wind, dry 8 team members sampled 

30 September Partly cloudy, calm 8 team members sampled 

1 October Overcast, little wind, little drizzle 8 team members sampled 

 

Outliers 

Encounter rates (number of distance measurements for each species as a proportion of 

points visited) for one of the observers (Observer 3) were much higher than for any of 

the others, indicating either a high ability to detect birds or to locate birds that had 

been detected (Figure 3a). Records of ‘presence’ as a percentage of the number of 

points visited were similar for Observer 3 and the other observers indicating that 

Observer 3 did not have a greater ability to detect birds (Figure 3b). It appears 

Observer 3 recorded more distance measures as a proportion of birds detected, 

especially for hihi (Figure 3c). This could occur if they moved away from the point 

more than other observers to find birds they had heard, or they may have been more 

willing to record a distance on a bird when it was only heard. Either way the distance 

sampling methodology appears to have been followed differently by Observer 3, but 

this was not considered sufficiently extreme to exclude this observer’s data. 
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Figure 3a. Encounter rates (distance) for 2012 observers 

 
 

Figure 3b. Encounter rates (presence) for 2012 observers 

 
 

Figure 3c. Distance measures as a proportion of presence records for 2012 

observers 
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Hihi 

The number of hihi observations and observation effort are shown in Table 2 

 

Table 2  Number of observations and sampling effort – hihi 

Sector Year Number of hihi 

observations 

Number of 

point visits 

Encounter rate 

(observations as 

% of points) 

SW 2005 57 264 22 

 2006 172 623 28 

 2007 105 1213 8.7 

 2009 168 784 21 

 2010 80 1078 7.4 

 2011 76 1058 7.2 

 2012 86 1555 5.5 

NE 2010 64 580 11 

 2011 42 759 5.5 

 

 

Given the different altitude, terrain and vegetation types, separate detection functions 

were developed for the two sectors. The detection function for the SW sector shows a 

‘lump’ beyond 16 m (Appendix 4) which may indicate birds are moving towards or 

fleeing from observers standing at the point or could reflect birds identified as the 

observer approaches the point. It is, however, a small ‘lump’. Aggregation or 

truncation of the data did not improve the shape of the distribution or the goodness of 

fit of the half-normal cosine model to the data. Consequently, the hihi data were 

analysed with aggregation into 25x1 m intervals. In the NE Sector aggregation at 2, 6, 

10, 13, 18, 22 and 25 m was used to improve the fit of the data. 

 

Results of the modelling are shown in Tables 3 and 4 and Figure 4.  The density of 

hihi in the SW Sector increased, but not significantly, from 2005-2006, declined from 

2006-2007, but by 2009 had recovered to 2005 levels.  By 2010 the population had 

declined again (1.1 hihi/ha) to the 2007 density and remained at this lower density in 

2011 (1.0 hihi/ha). In 2012 the density was lower again (0.82 hihi/ha). The decrease in 

hihi density over time is described by the exponential equation: 

 

SW Sector density=4.2252e
—0.193x

 

 

where x is year of sampling with 2005 taken as Year 1. This regression is significant 

(p=0.039). 

 

Analysis (half-normal cosine model) of the dataset excluding the survey points 

introduced in 2012, gave a hihi density of 0.80 hihi/ha (95% C.I. 0.74-0.88), a very 

similar figure to the 0.83 hihi/ha (95% C.I. 0.63-1.08) derived from all the 2012 

survey points, suggesting that the reduced density in 2012 is not an artefact of 

introducing more survey points.   

 

An estimated density of 0.82 bird/ha (95% CI, 0.67-1.0) as determined in the SW 

Sector in 2012, equates to a population of about 492 birds (95% CI, 402-600) in the 

study area (approximately 600 ha), 2500 birds on the island.   
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Multiple Covariate Distance Sampling was used to determine if introducing observers 

as a covariate would improve the fit of the model to the data, but the analysis failed to 

converge due to the large number of observers. This analysis is therefore not 

discussed further. 
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Table 3 Results of hihi density modelling 

 
Sector Year Model (key + adjust.) AIC ∆AIC GoF 


2
 -P 

SE 
iD̂  D̂  

%CV 

95% CI 

 2005 Half-normal cosine 4661.87 2.85 0.42 0.44 3.23 13.64 2.48 4.22 

SW 

 Half-normal hermite polynomial 4663.06 4.03 0.23 0.15 3.24 4.49 2.97 3.54 

 Uniform cosine 4661.94 2.92 0.22 0.23 3.46 6.76 3.03 3.96 

 Uniform simple polynomial 4660.52 1.50 0.23 0.38 3.28 11.60 2.61 4.12 

 Hazrate simple polynomial
1 

4659.02 0.00 0.45 0.23 3.14 7.31 2.72 3.62 

2006 Half-normal cosine 4661.87 2.85 0.42 0.56 4.13 13.64 3.17 5.40 

 Half-normal hermite polynomial 4663.06 4.03 0.23 0.19 4.15 4.48 3.80 4.53 

 Uniform cosine 4661.94 2.92 0.22 0.30 4.43 6.76 3.88 5.06 

 Uniform simple polynomial 4660.52 1.50 0.23 0.49 4.19 11.60 3.34 5.26 

 Hazrate simple polynomial 4659.02 0.00 0.45 0.29 4.01 7.30 3.48 4.63 

2007 Half-normal cosine 4661.87 2.85 0.42 0.18 1.30 13.63 0.99 1.69 

 Half-normal hermite polynomial 4663.06 4.03 0.23 0.06 1.30 4.46 1.19 1.42 

 Uniform cosine 4661.94 2.92 0.22 0.09 1.39 6.74 1.22 1.59 

 Uniform simple polynomial 4660.52 1.50 0.23 0.15 1.32 11.59 1.05 1.65 

 Hazrate simple polynomial 4659.02 0.00 0.45 0.09 1.26 7.29 1.09 1.45 

2009 Half-normal cosine 4661.87 2.85 0.42 0.44 3.21 13.63 2.46 4.19 

 Half-normal hermite polynomial 4663.06 4.03 0.23 0.14 3.22 4.47 2.95 3.51 

 Uniform cosine 4661.94 2.92 0.22 0.23 3.44 6.75 3.01 3.92 

 Uniform simple polynomial 4660.52 1.50 0.23 0.38 3.26 11.59 2.59 4.08 

 Hazrate simple polynomial 4659.02 0.00 0.45 0.23 3.11 7.29 2.70 3.59 

2010 Half-normal cosine 4661.87 2.85 0.42 0.15 1.11 13.63 0.85 1.45 

 Half-normal hermite polynomial 4663.06 4.03 0.23 0.05 1.11 4.46 1.02 1.22 

 Uniform cosine 4661.94 2.92 0.22 0.08 1.19 6.74 1.04 1.36 

 Uniform simple polynomial 4660.52 1.50 0.23 0.13 1.13 11.59 0.90 1.41 

 Hazrate simple polynomial 4659.02 0.00 0.45 0.08 1.08 7.29 0.93 1.24 

2011 Half-normal cosine 4661.87 2.85 0.42 0.15 1.08 13.63 0.82 1.40 
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Sector Year Model (key + adjust.) AIC ∆AIC GoF 


2
 -P 

SE 
iD̂  D̂  

%CV 

95% CI 

 Half-normal hermite polynomial 4663.06 4.03 0.23 0.05 1.08 4.46 0.99 1.18 

 Uniform cosine 4661.94 2.92 0.22 0.08 1.15 6.74 1.01 1.32 
 Uniform simple polynomial 4660.52 1.50 0.23 0.13 1.09 11.59 0.87 1.37 

 Hazrate simple polynomial 4659.02 0.00 0.45 0.08 1.04 7.29 0.90 1.20 

2012 Half-normal cosine 4661.87 2.85 0.42 0.11 0.83 13.63 0.63 1.08 
 Half-normal hermite polynomial 4663.06 4.03 0.23 0.04 0.83 4.45 0.76 0.91 
 Uniform cosine 4661.94 2.92 0.22 0.06 0.89 6.74 0.78 1.01 
 Uniform simple polynomial 4660.52 1.50 0.23 0.10 0.84 11.58 0.67 1.05 

 Hazrate simple polynomial 4659.02 0.00 0.45 0.06 0.80 7.28 0.70 0.93 

NE 

2010 Half-normal cosine
2 

667.24 2.71 0.50 0.20 1.75 11.29 1.40 2.19 
 Uniform cosine 665.21 0.67 0.73 0.35 2.21 15.64 1.62 3.01 
 Uniform simple polynomial 667.40 2.87 0.52 0.31 2.05 14.93 1.53 2.75 
 Hazrate simple polynomial

1 
664.53 0.00 0.80 0.42 1.89 22.28 1.22 2.92 

2011 Half-normal cosine 667.24 2.71 0.50 0.10 0.88 11.29 0.70 1.10 
 Uniform cosine 665.21 0.67 0.73 0.17 1.11 15.63 0.81 1.51 
 Uniform simple polynomial 667.40 2.87 0.52 0.15 1.03 14.93 0.76 1.38 
 Hazrate simple polynomial 664.53 0.00 0.80 0.21 0.95 22.28 0.61 1.47 

1
 Results of hazrate simple polynomial model were the same as those for the hazrate cosine model  

2 
Results of half-normal hermite polynomial model were the same as those for the half-normal cosine model 
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Table 4.  Average of model density estimates - hihi 

Sector Year Model 
iw  

(Akaike 

weight) 

Average 

Density 

SE of 

avg 

density 

95% CI 

SW 

2005 hazrate, simple polynomial 0.679 3.2 0.27 2.6 3.7 

  uniform, simple polynomial 0.321     

2006 hazrate, simple polynomial 0.685 4.1 0.36 3.4 4.8 

  uniform, simple polynomial 0.315     

2007 hazrate, simple polynomial 0.685 1.3 0.11 1.1 1.5 

  uniform, simple polynomial 0.315     

2009 hazrate, simple polynomial 0.685 3.2 0.27 2.6 3.7 
 uniform, simple polynomial 0.315     

2010 hazrate, simple polynomial 0.685 1.1 0.094 0.91 1.3 
 uniform, simple polynomial 0.315     

2011 hazrate, simple polynomial 0.685 1.1 0.091 0.88 1.2 
 uniform, simple polynomial 0.315     

2012 hazrate, simple polynomial 0.685 0.82 0.072 0.67 1.0 
  uniform, simple polynomial 0.315     

NE 

2010 hazrate, cosine 0.583 2.0 0.39 1.2 2.8 
 uniform, cosine 0.417     

2011 hazrate, cosine 0.583 1.0 0.20 0.62 1.4 
  uniform, cosine 0.417     

 

 

Figure 4 Hihi population density with 95% confidence intervals 

 

 
 
Letters in common over bars denote surveys in which density estimates are not significantly different. 

Regression line is for SW Sector only. 
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Tui 

The number of tui observations and observation effort are shown in Table 5. 

 

Table 5  Number of observations and sampling effort – tui 

  Number of tui 

observations 

Number of point 

visits 

Encounter rate 

(observations as 

% of points) 

SW 2005 61 264 23 
 2006 206 623 33 
 2007 147 1213 12 
 2009 128 784 16 
 2010 145 1078 13 
 2011 262 1058 25 
 2012 87 1555 5.6 

NE 2010 117 580 20 
 2011 73 759 10 
 

Given the different altitude, terrain and vegetation types, separate detection functions 

were developed for the two sectors. In the SW sector aggregation at 3, 6, 10, 17 and 

25 m was used to improve the fit of the data. In the NE sector aggregation at 2, 4, 7, 

11, 16, 21 and 25 m was used to improve the fit of the data. 

 

Results of the modelling are shown in Tables 6 and 7 and Figure 5.  The density of tui 

in the SW Sector increased from 2005-2006, declined from 2006-2007 and remained 

at similar densities until 2010. In 2011 the density was back to the 2005 level but in 

2012 was lower than in any previous year (0.76 birds/ha). An average density of 0.76 

birds/ha (95% CI, 0.7-0.8) equates to a population of about 456 birds (95%CI, 420-

480) in the SW study area (approximately 600 ha), 2300 birds on the island.   

 

Regression of the density figures showed no significant relationship. 
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Table 6 Results of tui density modelling – global dataset 

 
Sector Year Model (key + adjust.) AIC ∆AIC GoF 


2
 -P 

SE 
iD̂  D̂  %CV 95% CI 

SW 
 

2005 Half-normal cosine 6776.82 39.94 0.50 0.14 3.23 4.21 2.97 3.51 

 Half-normal hermite polynomial 6749.84 12.96 0.02 0.37 3.65 10.20 2.99 4.46 

 Uniform cosine 6743.41 6.53 0.07 0.34 3.36 10.17 2.76 4.10 

 Uniform simple polynomial 6736.88 0.00 0.30 0.13 3.13 4.10 2.89 3.39 

 Hazrate cosine 6786.02 49.14 0.10 0.16 2.85 5.64 2.55 3.18 

 Hazrate simple polynomial 6772.48 35.60 Not calc
1 

0.67 3.44 19.37 2.36 5.01 

2006 Half-normal cosine 6776.82 39.94 0.50 0.19 4.62 4.17 4.26 5.02 

 Half-normal hermite polynomial 6749.84 12.96 0.02 0.53 5.23 10.18 4.28 6.38 

 Uniform cosine 6743.41 6.53 0.07 0.49 4.81 10.15 3.94 5.87 

 Uniform simple polynomial 6736.88 0.00 0.30 0.18 4.48 4.06 4.13 4.85 

 Hazrate cosine 6786.02 49.14 0.10 0.23 4.08 5.61 3.65 4.55 

 Hazrate simple polynomial 6772.48 35.60 Not calc 0.95 4.92 19.36 3.37 7.16 

2007 Half-normal cosine 6776.82 39.94 0.50 0.07 1.69 4.14 1.56 1.84 

 Half-normal hermite polynomial 6749.84 12.96 0.02 0.19 1.92 10.17 1.57 2.34 

 Uniform cosine 6743.41 6.53 0.07 0.18 1.76 10.14 1.45 2.15 

 Uniform simple polynomial 6736.88 0.00 0.30 0.07 1.64 4.03 1.52 1.78 

 Hazrate cosine 6786.02 49.14 0.10 0.08 1.49 5.59 1.34 1.67 

 Hazrate simple polynomial 6772.48 35.60 Not calc 0.35 1.80 19.36 1.24 2.63 

2009 Half-normal cosine 6776.82 39.94 0.50 0.09 2.28 4.15 2.10 2.48 

 Half-normal hermite polynomial 6749.84 12.96 0.02 0.26 2.58 10.17 2.12 3.15 

 Uniform cosine 6743.41 6.53 0.07 0.24 2.38 10.14 1.95 2.90 

 Uniform simple polynomial 6736.88 0.00 0.30 0.09 2.21 4.03 2.04 2.39 

 Hazrate cosine 6786.02 49.14 0.10 0.11 2.01 5.60 1.80 2.25 

 Hazrate simple polynomial 6772.48 35.60 Not calc 0.47 2.43 19.36 1.67 3.54 

2010 Half-normal cosine 6776.82 39.94 0.50 0.08 1.88 4.15 1.73 2.04 

 Half-normal hermite polynomial 6749.84 12.96 0.02 0.22 2.13 10.17 1.74 2.60 
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Sector Year Model (key + adjust.) AIC ∆AIC GoF 


2
 -P 

SE 
iD̂  D̂  %CV 95% CI 

 Uniform cosine 6743.41 6.53 0.07 0.20 1.96 10.14 1.60 2.39 

 Uniform simple polynomial 6736.88 0.00 0.30 0.07 1.82 4.04 1.68 1.97 

 Hazrate cosine 6786.02 49.14 0.10 0.09 1.66 5.60 1.49 1.85 

 Hazrate simple polynomial 6772.48 35.60 Not calc 0.39 2.00 19.36 1.37 2.91 

2011 Half-normal cosine 6776.82 39.94 0.50 0.14 3.46 4.17 3.19 3.76 

 Half-normal hermite polynomial 6749.84 12.96 0.02 0.40 3.92 10.18 3.21 4.78 

 Uniform cosine 6743.41 6.53 0.07 0.37 3.60 10.15 2.95 4.40 

 Uniform simple polynomial 6736.88 0.00 0.30 0.14 3.35 4.06 3.10 3.63 

 Hazrate cosine 6786.02 49.14 0.10 0.17 3.05 5.62 2.74 3.41 

 Hazrate simple polynomial 6772.48 35.60 Not calc 0.71 3.68 19.37 2.53 5.37 

2012 Half-normal cosine 6776.82 39.94 0.50 0.03 0.78 4.13 0.72 0.85 

 Half-normal hermite polynomial 6749.84 12.96 0.02 0.09 0.88 10.16 0.73 1.08 

 Uniform cosine 6743.41 6.53 0.07 0.08 0.81 10.13 0.67 0.99 

 Uniform simple polynomial 6736.88 0.00 0.30 0.03 0.76 4.02 0.70 0.82 

 Hazrate cosine 6786.02 49.14 0.10 0.04 0.69 5.59 0.62 0.77 

 Hazrate simple polynomial 6772.48 35.60 Not calc 0.16 0.83 19.36 0.57 1.21 

NE 

2010 Half-normal cosine 1227.47 5.17 0.92 0.29 3.00 9.69 2.48 3.63 

 Half-normal hermite polynomial 1225.53 3.23 0.43 0.76 2.82 27.00 1.67 4.76 

 Uniform cosine 1222.55 0.25 0.92 0.20 3.02 6.59 2.65 3.43 

 Uniform simple polynomial 1222.30 0.00 0.81 0.25 2.75 9.08 2.30 3.29 

 Hazrate cosine
2 

1230.61 8.31 0.68 0.31 2.54 12.19 2.00 3.23 

2011 Half-normal cosine 1227.47 5.17 0.92 0.14 1.43 9.67 1.18 1.73 

 Half-normal hermite polynomial 1225.53 3.23 0.43 0.36 1.35 26.99 0.80 2.27 

 Uniform cosine 1222.55 0.25 0.92 0.09 1.44 6.57 1.26 1.64 

 Uniform simple polynomial 1222.30 0.00 0.81 0.12 1.31 9.06 1.10 1.57 

 Hazrate cosine 1230.61 8.31 0.68 0.15 1.21 12.18 0.95 1.54 
1
 No degrees of freedom, so goodness-of-fit not calculated 

2
 Results of hazrate simple polynomial model were the same as those for the hazrate cosine model
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Table 7.  Average of model density estimates - tui 

Sector 

Year Model 
iw  

(Akaike 

weight) 

Average 

Density 

SE of 

avg 

density 

95% CI 

SW 

2005  Uniform simple polynomial 1 3.1 0.13 2.9 3.4 

2006 Uniform simple polynomial 1 4.5 0.18 4.1 4.8 

2007 Uniform simple polynomial 1 1.6 0.066 1.5 1.8 

2009 Uniform simple polynomial 1 2.2 0.089 2.0 2.4 

2010 Uniform simple polynomial 1 1.8 0.073 1.7 2.0 

2011 Uniform simple polynomial 1 3.3 0.14 3.1 3.6 

2012 Uniform simple polynomial 1 0.76 0.03 0.7 0.8 

NE 

2010 Uniform cosine 0.47 2.9 0.23 2.4 3.3 
 Uniform simple polynomial 0.53     

2011 Uniform cosine 0.47 1.4 0.11 1.2 1.6 
 Uniform simple polynomial 0.53     

 

 

Figure 5 Tui population density with 95% confidence intervals 
 

 
Letters in common over bars denote surveys in which density estimates are not significantly different. 
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Tieke 

The number of tieke observations and observation effort are shown in Table 8 

 

Table 8  Number of observations and sampling effort – tieke 

Sector Year Number of tieke 

observations 

Number of 

point visits 

Encounter rate 

(observations as 

% of points) 

SW 2005 38 264 14 

 2006 101 623 16 

 2007 145 1213 12 

 2009 154 784 20 

 2010 177 1078 16 

 2011 180 1058 17 

 2012 184 1555 12 

NE 2010 127 580 22 

 2011 153 759 20 

 

Different detection functions were developed for the SW and NE sectors. Aggregating 

the data with cut-points increasingly widely spaced improved the shape of both 

distributions.  In the SW sector aggregation at 1, 2, 4, 8, 12, 16, 20 and 25 m was used 

to improve the fit of the data. In the NE sector aggregation at 2, 4, 8, 13, 19 and 25 m 

was used to improve the fit of the data. 

 

Results of the modelling are shown in Tables 9 and 10 and Figure 6.  Tieke 

populations appear more stable than hihi or tui, with the SW Sector population 

remaining at about 2.0 tieke/ha from 2005-2012.  The 2012 SW Sector density of 1.7 

tieke/ha is not significantly different from that in 2007 but is lower than all other 

years. An estimated density of 1.7 birds/ha (95% CI, 1.5-1.8) as determined in the SW 

Sector in 2012, equates to a population of about 1020 birds (95% CI, 900-1080) in the 

study area (approximately 600 ha), 5200 birds on the island.   
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Table 9 Results of tieke density modelling 

 

 
Sector Year Model (key + adjust.) AIC ∆AIC GoF 


2
 -P 

SE 
iD̂  D̂  %CV 95% CI 

SW  

2005 Half-normal cosine 6269.51 17.71 0.33 0.21 2.27 9.24 1.90 2.73 

 Half-normal hermite polynomial 6270.83 19.02 0.07 0.08 1.95 4.27 1.79 2.12 

  Uniform cosine 6252.79 0.99 0.16 0.07 2.03 3.55 1.89 2.17 

  Uniform simple polynomial 6251.81 0.00 0.08 0.09 2.02 4.38 1.85 2.20 

 Hazrate cosine
1 

6265.77 13.96 0.17 0.16 2.00 7.77 1.72 2.33 

2006 Half-normal cosine 6269.51 17.71 0.33 0.24 2.56 9.23 2.14 3.07 

 Half-normal hermite polynomial 6270.83 19.02 0.07 0.09 2.20 4.25 2.02 2.39 

  Uniform cosine 6252.79 0.99 0.16 0.08 2.28 3.52 2.13 2.44 

  Uniform simple polynomial 6251.81 0.00 0.08 0.10 2.27 4.35 2.08 2.47 

 Hazrate cosine 6265.77 13.96 0.17 0.18 2.26 7.76 1.94 2.63 

2007 Half-normal cosine 6269.51 17.71 0.33 0.17 1.89 9.23 1.58 2.26 

 Half-normal hermite polynomial 6270.83 19.02 0.07 0.07 1.62 4.24 1.49 1.76 

  Uniform cosine 6252.79 0.99 0.16 0.06 1.68 3.51 1.57 1.80 

  Uniform simple polynomial 6251.81 0.00 0.08 0.07 1.67 4.34 1.54 1.82 

 Hazrate cosine 6265.77 13.96 0.17 0.13 1.66 7.75 1.43 1.94 

2009 Half-normal cosine 6269.51 17.71 0.33 0.29 3.10 9.23 2.59 3.72 

 Half-normal hermite polynomial 6270.83 19.02 0.07 0.11 2.66 4.25 2.45 2.89 

  Uniform cosine 6252.79 0.99 0.16 0.10 2.76 3.52 2.58 2.96 

  Uniform simple polynomial 6251.81 0.00 0.08 0.12 2.75 4.35 2.53 3.00 

 Hazrate cosine 6265.77 13.96 0.17 0.21 2.73 7.76 2.35 3.18 

2010 Half-normal cosine 6269.51 17.71 0.33 0.24 2.59 9.23 2.17 3.11 

 Half-normal hermite polynomial 6270.83 19.02 0.07 0.09 2.22 4.24 2.05 2.42 

  Uniform cosine 6252.79 0.99 0.16 0.08 2.31 3.51 2.16 2.47 

  Uniform simple polynomial 6251.81 0.00 0.08 0.10 2.30 4.35 2.11 2.50 

 Hazrate cosine 6265.77 13.96 0.17 0.18 2.29 7.76 1.96 2.66 
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Sector Year Model (key + adjust.) AIC ∆AIC GoF 


2
 -P 

SE 
iD̂  D̂  %CV 95% CI 

2011 Half-normal cosine 6269.51 17.71 0.33 0.25 2.69 9.23 2.24 3.22 

 Half-normal hermite polynomial 6270.83 19.02 0.07 0.10 2.30 4.24 2.12 2.50 

  Uniform cosine 6252.79 0.99 0.16 0.08 2.39 3.51 2.23 2.56 

  Uniform simple polynomial 6251.81 0.00 0.08 0.10 2.38 4.35 2.19 2.59 

 Hazrate cosine 6265.77 13.96 0.17 0.18 2.37 7.76 2.03 2.76 

2012 Half-normal cosine 6269.51 17.71 0.33 0.17 1.87 9.23 1.56 2.24 

 Half-normal hermite polynomial 6270.83 19.02 0.07 0.07 1.60 4.24 1.47 1.74 

  Uniform cosine 6252.79 0.99 0.16 0.06 1.66 3.51 1.55 1.78 

  Uniform simple polynomial 6251.81 0.00 0.08 0.07 1.66 4.34 1.52 1.80 

 Hazrate cosine 6265.77 13.96 0.17 0.13 1.65 7.75 1.41 1.92 

NE 
 

2010 Half-normal cosine
2 

1739.90 0.94 0.49 0.30 3.83 7.90 3.28 4.47 
 Uniform cosine 1740.80 1.83 0.51 0.21 3.75 5.54 3.36 4.18 
 Uniform simple polynomial 1751.36 12.39 0.00 0.10 2.71 3.62 2.53 2.91 
 Hazrate cosine

1 
1738.96 0.00 0.42 0.37 3.39 10.90 2.74 4.20 

2011 Half-normal cosine 1739.90 0.94 0.49 0.28 3.52 7.90 3.02 4.11 
 Uniform cosine 1740.80 1.83 0.51 0.19 3.45 5.54 3.09 3.85 
 Uniform simple polynomial 1751.36 12.39 0.00 0.09 2.50 3.62 2.32 2.68 
 Hazrate cosine 1738.96 0.00 0.42 0.34 3.12 10.90 2.52 3.87 

 

 

1
 Results of hazrate simple polynomial model were the same as those for the hazrate cosine model 

2 
Results of half-normal hermite polynomial model were the same as those for the half-normal cosine model 
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Table 10.  Average of model density estimates - tieke 

Sector Year Model 
iw  (Akaike 

weight) 

Average 

Density 

SE of 

avg 

density 

95% CI 

SW 

2005 uniform, cosine 0.379 2.0 0.082 1.9 2.2 
 uniform, simple polynomial 0.621     

2006 uniform, cosine 0.379 2.3 0.092 2.1 2.5 
 uniform, simple polynomial 0.621     

2007 uniform, cosine 0.379 1.7 0.067 1.5 1.8 
 uniform, simple polynomial 0.621     

2009 uniform, cosine 0.379 2.8 0.11 2.5 3.0 
 uniform, simple polynomial 0.621     

2010 uniform, cosine 0.379 2.3 0.093 2.1 2.5 
 uniform, simple polynomial 0.621     

2011 uniform, cosine 0.379 2.4 0.096 2.2 2.6 
 uniform, simple polynomial 0.621     

2012 uniform, cosine 0.379 1.7 0.067 1.5 1.8 
 uniform, simple polynomial 0.621     

NE 

2010 half normal cosine 0.309 3.6 0.317 3.0 4.2 
 uniform, cosine 0.198     
 hazrate, cosine 0.494     

2011 half normal cosine 0.309 3.3 0.291 2.7 3.9 
 uniform, cosine 0.198     
 hazrate, cosine 0.494     

 

 

Figure 6 Tieke population density with 95% confidence intervals 

 
Letters in common over bars denote surveys in which density estimates are not significantly different. 
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Other observations of nectivorous birds  

In 2012 observers were asked to record if they saw any of the nectivorous birds 

feeding on flowering trees but less emphasis was placed on this than in 2011. 

Observers varied greatly in the number of observations they recorded. Results are 

shown alongside those from 2011 in Table 11. The number of observations is low 

particularly in 2012, but nevertheless shows major differences, notably the dominance 

of Alseuosmia grandifolia among hihi feeding observations in 2011 (86% of 

observations) compared to 2012 (18% of observations). A. grandifolia flowers were 

much more abundant in 2011 than in 2012 and there were few buds on the plants in 

2012 indicating less abundant flowering rather than delayed flowering. Geniostoma 

rupestre figured highly for hihi, tui and bellbird in 2012 but birds were not seen 

feeding on this species in 2011 although it was flowering. 

 

Records of banded hihi seen in 2011 and 2012 are included in Table 12.  

 

 

Table 11. Flowering plants on which nectivorous birds were seen feeding in 2012 

 Flowering species Hihi Tui Bellbird 
  2011 2012 2011 2012 2011 2012 

Total number of 
observations  

14 11 53 14 50 9 

Percentage of 
observations 

Alseuosmia grandifolia 86% 18% 6%  14% 22% 

Clematis paniculata    7%   

Coprosma sp 7%  2%    

Fuschia excorticata   9% 14% 2% 22% 

Geniostoma rupestre  45%  36%  33% 

Knightia excelsa   36% 21% 18%  

Leptospermum 
ericoides 

   7%   

Leucopogon 
fasciculatus 

  2% 7%  11% 

Mida salicifolia  27%   4%  

Pittosporum 
umbellaturm 

7% 9% 30%  52% 11% 

Metrosideros robusta    7%   

Pseudopanax sp   9%  8%  

Rubus sp     2%  

Vitex lucens   6%    
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Table 12. Resighting records from 2011 and 2012 

 

Resighting date Bands Sex Resighting location Banding location Banding date Minimum 
years at 

resighting* 

22/09/2011 & 
1/10/2011 

WM GY F Lower Valley Track (Point 35) Lower Valley Track 22/08/2009 2 

23/09/2011 WW M M Lower Hamilton Track (Point 100) Lower Waipawa Track 13/02/2005 6.5 

29/09/2011 YY M M Between Upper Waipawa Track and 
Waipawa Stream (Point 24) 

Lower Thumb Track 16/02/2005 6.5 

1/10/2011 OO OM M Lower Valley Track (Point 94) Lower Thumb Track (T5) 27/08/2005 6 

2/10/2011 WM GO F Lower Tirikakawa Stream Lower Valley Track 22/08/2009 2 

21/9/2012 OW OM M Lower Thumb (Point 9) Mid Thumb Track (T10) 27/08/2005 7 

29/09/2012 WM OO F Lower Hamilton (Point 100) Lower Hamilton Track 19/08/2009 3 

30/09/2012 YM YG M Track 20 (Between Points 1031-1029) Upper Thumb Track (T15) 18/08/2008 4 

1/10/2012 dBO OM M Lower Hamilton (Point 102) Mid-Valley Track (V20) 26/08/2005 7 

*No record of age at banding was recorded. 
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Discussion  

Methodology 

Sampling prior to 2012 involved a large number of repeat visits to points (12 

visits/point in the SW Sector and 14 visits/point in the NE Sector in 2011). In 2012, 

50 additional points were added to the SW Sector network, the intention being that a 

larger area be sampled with each point visited fewer times, thus developing density 

estimates more representative of the whole island for a similar sampling effort. In the 

event, excellent weather for distance sampling meant that each point on the extended 

network was visited in 2012 nearly as many times as the smaller network had been 

visited previously. A high number of point visits enabled the desirable target of 80 

observations/species despite low numbers of birds. 

 

Non-statistical examination (‘eye-balling’) of the hihi density probability plot shows a 

‘lump’ beyond 16 m (Appendix 4) which may indicate birds are moving towards or 

fleeing from observers standing at the point or could reflect birds identified as the 

observer approaches the point. This deviation from an ideal distribution is slight and it 

is unlikely it indicates that the assumptions of distance sampling (objects at the point 

are detected with certainty, objects are detected at their initial locations, 

measurements are exact) are violated. The density probability plots for tui and tieke 

show good model fit and there is nothing to suggest that the assumptions of distance 

sampling are being violated. 

 

If the observers in one year are less familiar with the target species than other teams, 

then use of a global detection function could lead to underestimates of population 

density even if the assumptions of distance sampling are adhered to. Use of annual 

detection functions is a check on this possibility and showed little difference in 

density estimates, but wider confidence intervals on those estimates (data not shown).  

 

The data for 2005-2011 have been analysed previously (Warren, 2007; Toy 2009a, 

2010, 2011), but have been reworked in the current analysis. The reworking has led to 

absolute population density values that differ slightly from those derived previously as 

the 2012 data refined the detection function. While the latest analysis revises the 

absolute population densities estimated by Warren (2007) and Toy (2009a, 2010, 

2011), the inter-annual trends and significance of differences identified remain.  

 

Density estimates 

Hihi 

The inter-annual variability observed over the period 2005 -2012 is high. There is no 

immigration to the hihi population on Hauturu, so if fluctuations in estimated density 

reflect the true population, they can only arise from varying recruitment and/or 

survival. Major decreases in population such as seen from 2006 to 2007 and 2009 to 

2010 could occur due to weather or disease events or lack of food which itself might 

be weather affected. In this context, Warren (2007) speculated that a storm may have 

caused the 2006-2007 decrease and Ewen et al noted that Salmonella may have killed 

26% of the hihi on Tiritiri Matangi in 2006 (Alley 2012). Alternatively, the hihi 
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population could be affected by competition with other species if these other species’ 

populations or behaviour had changed in response to the removal of kiore. An 

increase in the hihi population such as that seen from 2007 to 2009 would require an 

intrinsic rate of increase of 1.6, which is feasible for a bird that commonly produces 

four eggs/clutch (Heather & Robertson, 1996), even with only one clutch/year. Nest 

monitoring from 2005-2009 showed fledglings per nesting attempt varying from 0.28-

1.81 (Waite, 2009), but hihi may start several nesting attempts a year. 1.9-2.6 young 

fledged from nests from which fledglings emerged successfully (Waite, 2009). It 

would be valuable to analyse the 2005-2009 nest monitoring data on the basis of 

fledglings/adult/year. Given the above recruitment, even moderate adult survival 

could sustain an intrinsic rate of increase of 1.6.  Therefore the fluctuations seen could 

reflect the true population. Whether they could also, or alternatively, be an artefact of 

the distance sampling method is unlikely (Toy 2011). 

 

The reasons for the variability seen, in particular whether it is driven by adult 

survivoral or variability in recruitment, are unknown. The most effective way to 

clarify the reasons for this variability would be to develop a population dynamics 

model using adult survival data determined from a mark-recapture or mark-resighting 

programme and recruitment data determined from a nest monitoring programme. Such 

a holistic programme would, of course, be resource intensive. 

  

Rigorous monitoring of hihi food plants phenology is an alternative, less resource 

intensive approach. Comparison of food availability and/or the climate that drives 

phenology with hihi population density estimates should identify what conditions 

affecting hihi numbers. In 2012 it was noted that the abundance of flowering in some 

species was low (e.g. Alseuosmia grandifolia, Pittosporum umbellatum) and that there 

were very few flower buds on A. grandifolia suggesting that 2012 flowering of this 

species was poor not just delayed. A. grandifolia amounted to 86% of hihi flower 

feeding observations made in 2011. Whether low flowering abundance could affect 

the density estimates made on hihi in 2012 (e.g. because the birds are less 

conspicuous because they are feeding in the canopy rather than in the shrub layer), or 

whether it will have an effect on recruitment to the hihi population in 2013 is 

unknown. Hihi, tui and bellbirds were observed feeding on Geniostoma rupestre 

(45%, 36% and 33% of observations respectively) in 2012 but no birds were seen 

feeding on this species in 2011 (Toy 2011). Others have also reported hihi feeding on 

G. rupestre (e.g. Castro, 1997; Wilson, 1997) and Castro (1997) concluded that 

despite the low nectar content of this species, hihi could fulfil their energy 

requirements solely from it if they fed selectively. The extent to which food 

availability varies and the effect this has on the different nectivorous birds is clearly 

complex but may explain inter-annual differences in bird density.  

Tui 

Tui also show significant inter-annual variability in population density. The inter-

annual difference in tui abundance might be related to the timing of flowering of key 

nectar species. Certainly tui are very often associated with Knightia excelsa, Fuschia 

excorticata and Metrosideros excelsa when they are flowering and are noisy and 

conspicuous when they are in these trees. K. excelsa started flowering during the 2012 

sampling, F. excorticata was flowering but is less abundant, M. excela was not 

flowering. 
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Until 2011 hihi and tui densities followed the same pattern of inter-annual change 

(Figure 1). However, in 2011 the patterns diverged in the SW Sector with hihi density 

unchanging while that of tui increased. The drop in tui density in 2012 was even more 

marked than the drop in hihi density. That both hihi and tui densities showed such a 

major decrease in 2012 suggests an environmental and/or phenological change. 

 

Tieke 

Unlike hihi and tui, tieke population density has remained comparatively stable. 

Warren (2007) hypothesized that tieke were less affected by the 2007 storm than hihi 

or tui, the implication being that the availability of invertebrates on which tieke feed 

shows less inter-annual variation than the flowers which form part of hihi and tui diet. 

The continuing relatively stable tieke population density is consistent with that 

hypothesis. 
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Recommendations 
 

The decrease in hihi density from 2005-2012 is of concern. Distance sampling should 

be continued in 2013 and annually thereafter to identify further density changes. A 

programme to determine causes of the changes needs to be initiated as soon as 

possible. Ideally a hihi population dynamics model would be developed including 

terms for adult survival and juvenile recruitment. Adult survival could be addressed 

through a mark-recapture or mark-resighting programme, but previous efforts did not 

net and colour-band the necessary 40% of the population (Toy 2009b). Juvenile 

recruitment could be addressed through a nest-monitoring programme but previous 

attempts at such nest monitoring (Johnston, 2006; Bapty et al, 2007; Cross, 2008 and 

Waite, 2009) were very resource intensive. An alternative to this intensive programme 

is to investigate the degree to which flowering phenology and climate directly 

influence population density. Ad hoc observations of flowering of key hihi food plants 

showed major differences between 2011 and 2012 but, if a link between phenology 

and population density is to be identified, such observations need to be formalised 

within a rigorous phenology monitoring programme. The phenology results together 

with climate records should be analysed for correlation to changes in hihi (and other 

bird species) density. 

 

1. The distance sampling programme should be repeated in 2013 and annually 

thereafter in the SW sector of Hauturu. 

Rationale: hihi density has been shown to vary year-on-year by a factor of 

five, but there has been a significant decrease since 2005 with the density 

in 2012 being the lowest yet recorded (0.82 hihi/ha). Sampling should be 

continued to determine if this decrease continues and for correlation to 

Recommendations 2 and 3. 

 

2. A long-term phenology monitoring programme should be initiated, focusing 

on flowering species known to be food plants of hihi and other honeyeaters. 

The survey should estimate timing and abundance of flowering of marked 

plants of selected species along an altitudinal transect and be performed at 

regular intervals throughout the year. 

Rationale: The cause of the variability in hihi density needs to be 

determined. Incidental observations suggest inter-annual differences in 

flowering abundance of key food species, but this needs to be quantified 

for correlation to hihi population density estimates.  

 

3. Climate data should continue to be collected and existing data should be 

collated and modelled compared to patterns in hihi numbers and phenology 

observations. 

Rationale: flowering phenology is driven by climate variables. 

Examination of climate data may provide an indicator as to future hihi 

population densities. 

 

4. The scale of the work needed to fulfil these recommendations requires a well 

defined and co-ordinated programme. An indication of resources required is: 

 

Recommendation Resource Timing 

1 Distance sampling 7 volunteers and a 12 days (10 days for sampling 
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Recommendation Resource Timing 

– SW Sector contractor including bad weather and rest 

days, two travel days) in the 

last two weeks in September.   

2 Phenology survey Contractor/Island 

staff  

2 days/month outside of hihi 

breeding season, 4 days/month 

September-March 

3 Analysis of climate 

data 

Contractor To be discussed 
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Appendices 

Appendix 1.  SW Sector, routes between observation points 

 

Northern end of network 



 

DOCDM-882827  Page 38 of 56 

Southern end of SW network 
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Hauturu/Little Barrier SW Sector distance sampling route finding instructions 

v4.1, October 2012 
 

Points on the sampling grid are marked with yellow triangles which are numbered.  Routes between 

points are marked with blue flagging tape.  Route marking off-track and away from stream beds is 

frequent.  If you have difficulty finding the route, add more blue flagging, as you work it out!  Route 

marking along well-used tracks and stream beds is sparse.  Where routes leave tracks, there is usually a 

double band of blue flagging tape with instructions written on it. Where instructions include compass 

bearings they are very approximate merely indicating the general direction in which to search for flagging 

tape. Shortly before each point you’ll see a double band of blue tape with ‘Close’ written on it. Pause here 

and scan ahead to determine the bird life around the point. 

 

Confusingly, blue flagging tape is also used to mark:  

 reptile pitfall traps and in these cases it is associated with red triangles.   

 Directions to hihi nests, in these cases it is usually written on and may be associated with white 

markers.  

 

Route A 

98-99-107-106-104-105-112-111-108-101 

98 is on the Shag Track.  A route is flagged between 98-99-107-106-104 and then joins the Tirikakawa 

Stream Track (aka John Drew Memorial Track) at the second crossing below 105.   Follow the track 

upstream past the ‘Track closed’ sign to 105. Then retrace your steps downstream.  112 is flagged on the 

true left of the river at the third river crossing below 105.  111 is flagged from the track, and is on the true 

right of the river.  The flagged route follows through 111-108-101.  101 is on the Shag Track.   

 

Route B 

96-100-102-103-36-38-1032-1033-1034-1030-1031-1029-1028-1052-1027-1026-41-42-40 

The route starts up a small stream just before the Shag Track begins to climb. 60 m up the stream, the 

route leaves the stream bed and climbs to the true right for 30 m to 96, then on to 100 and the Hamilton 

Track.  102 and 103 are flagged off the Hamilton Track, return to the track after doing each observation.  

A further 170 m up the track route to 36 is flagged (50 m off track) continuing to 38 then dropping into 

the Tirikakawa Stream. Ignore the route that ascends the true left bank directly opposite, but ascend the 

stream bed. Stay in the stream bed except for one short, flagged diversion. 1032-1033-1034 are all on the 

true right bank. From 1034, cross the stream and ascend to 1030 and on to Track 20. Descend Track 20 to 

1031 which is on the track on the edge of a huge treefall. Return back up Track 20 and continue up to 

1029.    m further up the track, turn onto Track 1  on 1   . The  unction is marked by multiple pink 

tapes. 1028 is flagged from Track 1  on      and is    m off. Continue down Track 1  to 1052. 40 m 

further on, route to 1027 is flagged on  6  . Continue through to 1026 and Track 20. Descend Track 20 for 

100 m. 41 is 1  m off the track on    .  Return back up Track 20 past a lot of off-track blue tape that is not 

part of the distance sampling network.  Route to 42 is 4  m off Track    on     . Continue through to 40 

and the Tirikakawa Stream. Descend the stream bed to rejoin the Tirikakawa Stream Track to finish. 

 

Route C 

95-94-93-35-34-33-37-140-142-68-143-144-146 

95 is flagged from the junction of the Valley/Thumb and Hamilton tracks, behind the bunkhouse.  94 is 

on a disused bend of the Valley Track and is flagged from the current track.  93 is just off the Valley 

track.  Follow the track up the spur.  35 is flagged from the track and continues through 34-33.  Two 

routes are flagged from 33.  The preferred, less steep route, is on a bearing of  1 ˚ from 33.  When you 

join the Hamilton Track, climb it for 260 m to 37.  The alternative route leaves 33 on a bearing of 41˚ and 

when you join the Hamilton Track it is 60 m to 37.  Continue up the Hamilton Track beyond 37.  140 is 

flagged off the track  ust before the Hamilton/Valley  unction.  Continue past the ‘Track Closed’ sign to 

142 and 68, which are both on the track.  At 68 follow the flagged route down to the left to 143-144-146 

which is the end of the line.  To exit continue to 148, (not an observation point for this route) and down 

the Thumb Track. 
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Route D 

78-74-157-160-75-73-159-158-70-71-72-76 

78 is at the junction of the Thumb, Waipawa and Summit Tracks.  Continue up the Summit Track, past 

the Track Closed sign to 74-157-160, which are all on the track.  There are spectacular views along the 

way if its fine!  On the descent take a flagged line that leaves the Summit Track to 75-73-159 and 

continues to the Hamilton Track.  158 is about 20 m the other side of the Hamilton Track (cross almost 

straight over when you come up from 159).  Continue down the Hamilton Track to 70 and take the 

flagged line down to 71-72-76, which is the end of the line.  Continue 40 m on the flagged line to the 

Thumb Track (join it about 110 m below the junction with the Waipawa Track) and descend it to exit . 

 

Route E 

14-19-89-85-79-77-80-82-1039-1038-1037-1036-18-13 

Start up the Waipawa Track.  The route to 14 is flagged on the left about 100 m above the junction with 

Track 2. Continue down the flagged route to the stream and ascend the stream bed.  19-89-85-79-77 are in 

the stream bed and vary between 150 and 300 m apart.  Keep vigilant, because its tough going in the 

stream bed and you won’t want to back-track if you miss a point!  From 77 follow flagging tape 400 m to 

80, which is on Track 2.  Track 2 is indistinct in the upper reaches, but is flagged with blue tape.  Descend 

Track 2 to 82 which is on the track. Continue down Track 2 140 m past 81 (which is not an observation 

point on Route E) to a flagged route to 1039. The route through 1038-1037-1036 branches off just before 

you reach 1039.  18 is on Track 2 after you rejoin it. 13 is in the stream bed just up from where the stream 

crosses Track 2 and is the end of the line. Return to Track 2 and continue to the Waipawa Track to exit.   

 

Route F 

12-15-16-22-23-24-149-84-90-21-20 

12 and 15 are in the Waipawa Stream.  16-22-23-24-149 are all about 70 m up from the stream bed on the 

true right.  There is a flagged route joining 16-22-23-24-149.  From 149, the flagged route continues to 

the Waipawa Track.  Turn left when you join it.  84-90-21-20 are on the Waipawa Track.  20 is the end of 

the line. 

 

Route G 

7-11-27-26-25-150-148-28-153-154-10-8 

7 is marked from the bush edge before the grassy track meets Waipawa Stream.  7-11-27-26-25 are on a 

flagged line which continues through to the Thumb track.  Ascend the Thumb track. 150 is flagged off to 

the left and 148 is on the Thumb Track.  Return down the Thumb Track and pick up a flagged route to 28 

on the left.  Return to the Thumb Track and descend it for 170 m and join a flagged route on the right to 

153-154-10.  Join the stream bed and descend it.  8 is flagged off to the true right and is the end of the 

line. 

 

Route H 

9-92-91-29-30-31-32-152-141-145-147-151 

9-92-91 are on the Thumb Track.  Ignore the reptile plot blue flagging immediately beyond 91.  29 is 

flagged from the track about 150 m above 91.  The flagged route branches at a triple-banded tree, the 

right-hand route going to 29.  Return to the triple-banded tree and follow the other route to 30-31-32 and 

then on to the Valley Track.  Ascend the Valley Track.  After 180 m, 152 is flagged off to the right (50 m 

off track).  Return to the Valley track and continue up past the junction with the Hamilton Track, past the 

‘Track Closed’ sign to 142.  142 is not an observation point on Route H, but the route to 141, which is on 

Route H, is flagged from 142.  The flagged route descends to 141-145-147.  It then joins the stream bed 

and descends for 80 m, before climbing the true right side and continuing to 151 where the line ends.  To 

exit, return to the river from 151 and follow down the river bed until you reach the Valley Track.   
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Route X 

17-1035-1050-1051-1049-1048-1047-1046-1045-1040-1041-83-81-86-87-88. 

Route to 17 is flagged from Track 2 at the top of the climb out of Parihakoakoa Stream.  Route continues 

through 17 to Track 3. 1035 is flagged on 6   and is    m off Track  . Return to Track 3 and continue 

north. Just before the drop off into Haowhenua Stream, the flagged route curves around a bowl and  oins 

another track.  escend the track on  1   for    m to 1050, then return and follow the new track (blue 

flagged and also marked with pink triangles saying ‘Weeds Parihakoakoa Reed’) on 11  . After    m the 

track divides.  ollow the route on     which is marked with pink triangles saying ‘Weeds, Reed Golden’ 

and further on ‘Weeds, Reed Golden Extn’. Follow these triangles (and blue flag) to just before 1051. 

Route continues down a spur into Haowhenua Stream at 1049, ignore any pink triangles along this route. 

Stay in the streambed, taking the true right branch between 1049 and 1048. Continue through 1048-1047-

1046-1045. At 1045 flagged route ascends true left bank to a ridge. 1040 is flagged off the ridge on 1   . 

Return to the ridge and continue up to 1041, then curve around a bowl to rejoin Track 2. Walk down 

Track 2 for 10 m. 83 is flagged off the track. From 83, the flagged route continues straight uphill, to rejoin 

Track 2.Continue down Track 2 to 81-86-87-88 which are all on the track. Continue on down Track 2 to 

the Parihakoakoa stream and up to the Waipawa track to finish. 

 

Route Y 

155-109-110-1009-1008-1007-1006-1005-1004-1001-1000 

155 is on the Shag track.  Continue down the Shag Track to the Tirikakawa Stream Track.  The route to 

109 is flagged from the Tirikakawa Stream Track (40 m off track).  The route to 110 is on the true left of 

the river and is also flagged from the Tirikakawa Stream Track (60 m off track).   From 110 the route 

ascends the ridge obliquely. 120 m after joining the ridge 1009 is flagged  to the East (15 m off track). 

Continue up the ridge, until flagging curves to the West to 1008.  Route continues to 1007 and 1006. 

After 1006 route curves eastwards to join Track 19. Head up Track 19 until 1005 is flagged on  6   (6  m 

off track). Return to Track 19 and descend it for 250 m. 1004 is flagged off the track on  4  . It is    m off 

the path in a rewarewa next to a large celery pine. Return to Track 19 and descend, ignoring turn-offs to 

1014, 1003, 1013, 1002 and 1012. 1001 is flagged on      and is    m off track.  escend the rope.  hen 

the track bends approaching the Tirikakawa Stream, 1000 is flagged on      and is    m off track.  xit to 

the beach to finish. 

 

Route Z 

1025-1023-1022-1021-1020-1024-1019-1018-1017-1016-1015-1014-1013-1003-1002-1012-1011-1010 

Ascend Lamb Bay Creek for 200 m. 1025 is    m up true right bank on  4  .  eturn and cross creek. 15 m 

downstream route to 1023 ascends true left bank on 1   . Continue through to 1022. Loop up onto ridge 

and stay on ridge for 260 m to 1021. Route to 1020 sidles along north side of ridge. After 1020 route 

climbs over the ridge. Route to 1024 branches off on 1   .  oute to 1019 branches off on     .  oute 

crosses ridge again and descends into an unnamed creek. Ascend creek for 50 m (no flagging) to 1018 

which is on the true right bank. Continue up creek. Between 1018 and 1017 there is a major treefall in the 

creek, but easily passed on the true left of the creek, then keep in the creek or on the true right bank. 1017 

is flagged 25 m up the true right bank. From 1017 flagged route sidles up true right bank of creek then 

crosses it and climbs to a ridge with a very indistinct, but flagged, track. After    m the ‘track’ bends to 

north-east. Continue until 1016 is flagged on     and 1015 on     .  o 1016, 57 m off the track, then 

follow route down across Lamb Bay Creek and up the other side to 1015. Continue to Track 19 (25 m) 

and descend it. Ignore signs to 1004. 1014 is 11  m off Track 1  on    , a steep descent. 1013 is    m off 

track on 11   and,  ust beyond, 1003 is 1   m off on     .     m further down Track 1 , 1002 is    m off 

on      and shortly after, route to 1012 leaves on 1   .  oute to 1012 branches off on    , then return to 

route and continue through 1011. Route to 1010 branches off on 1   , then return to route and continue to 

Track 1  (    ) to finish. 
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BASIC INFORMATION 
SITE: LBI, SW  

OBSERVER: use initial and surname e.g. R. Toy 

DATE: Use format, 04 Sep 2009 

 

TIME: Aim to start sampling as early as possible after 7 am. 

Record start time at each point. Spend 4 minutes observing at 

a point. Stop sampling at 4 pm. 

POINTS: Points on the grid are identified by numbers  

 

WEATHER 
Wind: Use Beaufort Scale, Force 0 to 5. Terminate sampling 

if wind persists at Force 3 or more. 

Force Knots Km/h 

0 Vertical smoke <1 <1 

1 Direction shown by smoke only 1-3 1-5 

2 Leaves in motion (top of canopy) 4-6 6-11 

3 Small twigs in motion 7-10 12-19 

4 Small branches in motion 11-16 20-29 

5 Small trees in motion 17-21 30-39 

Temperature: is estimated in 5 degrees Celsius blocks 

1-5, very cold 11-15, cool 21-25, hot 

6-10, cold 16-20, warm 26-30, very hot 

Cloud: cover is measured in eighths from: 

0/8, no cloud 4/8, sky half covered 

in cloud 

8/8, full cloud cover 

Record a number from 1 to 8 and also if you are in the cloud. 

Rain: is measured as: 

0, no rain 2, light rain 

1, light drizzle/occasional rain 3, heavy rain 

Terminate sampling if rain persists at 2 or more. 

DISTANCE SAMPLING 
Species: Record the 3 target species using abbreviations shown 

on datasheet 

Clusters of target species: Record distance to centre of cluster 

and the number of birds in the cluster. 

Method: Approach the sampling point quietly, watching 

carefully for birds that may move in response to your arrival. 

Stand near the monitoring station (tree marked by plastic 

triangle). Use the time at the site to observe and search for 

birds (especially still quiet birds near the point), then memorise 

the location, and measure distances when you have finished 

searching. The essential data to record is the horizontal 

distance between the station and the location at which the 

bird was first observed. Use a tape measure or laser measurer. 

Observations of more than 25 m distance are not analysed, so 

don’t bother with them. The first location at which the bird is 

observed is recorded to minimise the influence of the 

observer’s presence (see Assumption  ).  on’t record birds 

that move into or through the sampling area, or appear to be 

attracted to you. Aim to record a ‘snapshot’ of ob ect distances 

within 25 m of the grid point. Spend most time searching for 

birds close to point, because it is very important to detect all 

birds close to 0 (see Assumption 1). Measure to one decimal 

place (e.g. 2.3 metres) up to 6 m, to the nearest metre from 6-

25 m. Inaccuracies of distances close to 0 have a big influence 

on the final estimate, accuracy to 0.1 m is less important as the 

distance increases (see Assumption 3).  

 

The 3 assumptions of distance sampling 

It is important to do your best to meet these assumptions: 

1.  Objects on the point (distance 0) are always detected; 

2.  Objects are detected at their initial location; 

3.  Measurements are exact 

 

PRESENCE SAMPLING 
Species: Record all species using the abbreviations shown 

overleaf. Record observations for birds that fly into or 

through your site, but not if above the canopy.  on’t be 

constrained to the 4 minute sampling period. Do limit 

observations to 25 m from sampling point. 

Clusters of birds: Presence sampling is presence/absence. 

 on’t record number of birds or numbers in clusters  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

R
o
u

te
s 

(l
et

te
rs

) 
an

d
 

o
b

se
rv

at
io

n
 p

o
in

ts
 (

n
u

m
b

er
s)

 

A 98 99 107 106 104 105 112 111 108 101          

B 96 100 102 103 36 38 1032 1033 1034 1030 1031 1029 1028 1052 1027 1026 41 42 40 

C 95 94 93 35 34 33 37 140 142 68 143 144 146       

D 78 160 157 74 75 73 159 158 70 71 72 76        

E 14 19 89 85 79 77 80 82 1039 1038 1037 1036 18 13      

F 12 15 16 22 23 24 149 84 90 21 20         

G 7 11 27 26 25 150 148 28 153 154 10 8        

H 9 92 91 29 30 31 32 152 141 145 147 151        

X 17 1035 1050 1051 1049 1048 1047 1046 1045 1040 1041 83 81 86 87 88    

Y 155 109 110 1009 1008 1007 1006 1005 1004 1001 1000         

Z 1025 1023 1022 1021 1020 1024 1019 1018 1017 1016 1015 1014 1013 1003 1002 1012 1011 1010  



 

 

Appendix 2.  Recording form  



 

 

 
Site: 

SW 
Observer: 
(Initials & Surname) 

Date:   

 

Start  
time 

Point 
# 

Distance Weather Presence 
Species  

(1 per row) 
Distance  

(m) 
Cluster Wind Temp Cloud Rain 

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

          

 
BEL Bellbird HIHI Hihi/Stitchbird KIN Kingfisher RIF Rifleman TOM Tomtit 

BLK Blackbird KAK Kaka KOK Kokako ROB Robin TUI Tui 

CHF Chaffinch CP Parakeet LTC Long tail cuckoo SBK Saddleback WHI Whitehead 

FAN Fantail RCP Red crowned MOR Morepork/Ruru SHI Shining cuckoo   

GW Grey warbler YCP Yellow crowned PIG Pigeon/Kereru SIL Silvereye   



 

 

Appendix 3.  Methodology notes for distance samplers 

 

Notes for distance samplers 
The key to effective distance sampling is to remember the three main assumptions: 

1. Birds on the point (distance 0) are always detected; 

2. Birds are detected at their initial locations; 

3. Measurements are exact. 

 

Bearing these in mind, here are a few tips, on how to abide by the assumptions. 

 

Detecting birds 
You want to establish a snapshot view of where birds are around a point as if you 

weren’t there, i.e. if your arrival at a point has scared birds off or they are attracted to 

‘check you out’, you will have violated Assumption 2. So, move through the bush as 

quietly as possible. If you attract the attention of birds more than 25 m from the point, 

this may still lead to a violation of Assumption 2 since birds may follow you into the 

area, or they may alert birds that are close to the point. Hihi in particular will follow 

you and saddleback alarm calls may set off other birds close to the point. 

 

As soon as you see the ‘close’ flagging on trees, pause and take stock of what birds 

are around, particularly up ahead.  hen you get to the ‘close’ flagging, pause again 

and try to be even quieter. Your attention should be on the point and determining what 

is close to it (see Assumption 1). When you see the point marker pause again. You 

will be aware of birds at distance from the point but your focus should be on those 

close to the point. 

 

When you get to the point, start the 4 minute checking period. If there is overhanging 

vegetation it is OK to stand up to 2 m from the point, but in general you should stand 

close to the point. Check above you and then further away from the point. If you hear 

a hihi, saddleback or tui away from the point, check to see if you can find it easily. If 

you can, find a ‘landmark’ to help memorise exactly where it is since it is very easy to 

‘forget’ the location if the bird moves on. If the bird is distant from the point and not 

easily visible, continue checking directly around you before focusing your attention 

on the more distant bird. It is better not to measure the distance to a bird detected 

some way off the point than to miss a bird close to the point. 

 

When you are sure you have found all the birds close to the point, try to pinpoint the 

position of birds further from the point. It is acceptable to move some distance from 

the point (e.g. 10 m) to pinpoint the position of a bird you have heard, but you should 

not venture far from the point other than to find birds you have heard, i.e. 

investigation is fine, exploration is not. In this context, if you wander from the point 

to investigate a tui call and in the process discover a saddleback, don’t measure to the 

saddleback although it can be recorded as a presence observation.  

 

Generally, you will need to see a bird to make a distance measurement on it. You will 

usually notice the bird by hearing it, but it is comparatively rare that you will be able 

to precisely identify the location of a bird by sound. So, you’ll normally hear a bird, 

but only when you see it can you make a distance measurement – never guess based 

on where you think the sound came from. 

 



 

 

If you see a bird fly within 25 m of the point, record it as present, but you cannot 

record a distance measure unless you saw exactly where it flew from and that location 

is within    m of the point.  on’t be tempted to guess where a bird flew from. 

Generally, you’ll detect all birds on approach to the point or within the first minute of 

being there. If you detect a bird after that, ask yourself whether the bird really has 

been there all along or could have flown in. It may take longer than a minute to detect 

a bird that is not calling – listen for sounds it may make moving around. If the 

weather is still, saddleback can sometimes be heard by rustling leaves, tapping or 

tearing noises, tui by bits dropping to the ground, but lots of other birds make these 

noises as well, so a sighting is needed. 

 

At the end of the 4 minutes, if there are still birds you have detected but not 

pinpointed it is acceptable to spend more time to pinpoint those birds in order to make 

a measurement, but you cannot measure to others detected after the 4 minute period. 

 

Measuring distance 
 on’t worry if you detect a bird but cannot measure to it,  ust record it under presence 

without a distance measurement. Do not be tempted to guess the distance. Distance 

sampling is not a census technique in which all birds are located, let alone the distance 

to them measured. The modelling allows for a lower probability of detection at 

distance from the point. 

 

At the end of the 4 minutes measure the distance to the birds you have detected. The 

tape measure must be used for distances up to 6 m and you should measure to the 

nearest 10 cm. Either the tape or a laser range-finder can be used for longer distances 

and you should measure to the nearest 1 m. The range-finder won’t work in thick 

vegetation or mist. Always ‘sense check’ the rangefinder reading by taking several 

readings including readings on objects close to the point to which you are measuring. 

Only if you get consistent readings on the location and they make sense compared to 

readings on objects close to it should you accept the reading from the laser range-

finder. If this is not the case, roll out the tape measure, unless it is too steep to do so 

safely. 

 

You should measure the horizontal distance to a mental perpendicular through the 

location of the bird. When the bird is above you and the terrain is steep it may be 

impossible to imagine such a mental perpendicular since it would be buried in the 

ground. In these cases it is acceptable to measure the distance to the bird and estimate 

the height difference from your location to the bird. This enables the horizontal 

position from you to the bird to be estimated by trigonometry e.g.  

 

 
 

 

 

 

Your position 

Bird’s position 

 
a 

b 

c 



 

 

Measure ‘a’ using the laser rangefinder, estimate ‘b’ (multiples of your own height is 

a good technique) and estimate ‘c’ by trigonometry (c=√(a
2
 – b

2
)). You don’t have to 

do the maths in the field,  ust record ‘a’ and ‘b’. 

 

Sometimes it is easier to walk to the bird’s location and use the range-finder to 

measure back to the point rather than the other way around. Other times it’s easiest to 

stand midway between the bird’s location and the point and measure in both 

directions using either tape and range-finder or a combination. 

 

Clusters 

Clusters need to be recorded on the form. There is no hard and fast definition of a 

cluster, the concept was introduced for flocking species. Record birds of the same 

species as clustered if they are moving around together and/or are close together e.g. 

tuis having a scrap. 



 

 

Appendix 4.  Distribution of data 

 

Hihi 
 

Figure A4.1 Plots of hihi probability density  

   

a. Hihi data SW Sector (2005-2012) 
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b.  Hihi data NE Sector (2010-2012) 
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Tui 
 

Figure A4.2  Plots of tui probability density  

a.  Tui, SW Sector data (2005-2012)  
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b.  Tui, NE Sector data (2010-2011) 
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Tieke 

Figure A4.3  Plots of tieke probability density – global dataset 

a.  Tieke, SW Sector data 
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b.  Tieke, NE Sector data  

 

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0 5 10 15 20 25

Radial distance in meters                   

 



 

 

Appendix 5   Comments on use of acoustic recorders 

At the suggestion of the Hihi Recovery Group the use of acoustic recorders was 

considered to see if they might be used to supplement or replace distance sampling. 

There are several issues: 

1. Acoustic recorders provide, at best, relative measures of the number of calls. 

They do not provide information on numbers of birds or location of birds 

calling and do not therefore provide a measure of bird density. Nevertheless, it 

might be possible to correlate numbers of bird calls from sonograms with 

distance sampling density measures, but this would require many years of 

data. 

2. Automated software for analysing sonograms is not yet developed for New 

Zealand daytime passerines. Those using acoustic recorders for New Zealand 

forest birds are listening to the sonograms (Terry Greene pers. comm., Graeme 

Elliott pers. comm.). Due to the time required for manual inspection/listening 

to sonograms, it is necessary to sub-sample the large amounts of information 

acoustic recorders can deliver. For daytime birds they are therefore best suited 

to birds that are abundant and/or call frequently with pervasive calls. 

3. Hihi density is heterogeneous, for example of the original 98 points in the SE 

Sector, the number of hihi distance measures over the seven years of sampling 

ranges from 0 to 24 per point (average 7.6, s=5.8). For acoustic recorders to 

capture this variability a large number of recorders would be needed or the 

recorders would have to be moved frequently. 

4. There is no experience with identifying hihi calls from sonograms (Cockburn 

S. pers. comm.). 

 

To investigate some of these issues, a DOC acoustic recorder was used on Hauturu 

prior to the 2012 distance sampling. The recorder was held while the contractor 

walked along the public trails. When the observer heard a hihi, he paused and noted 

the time and approximate distance of the hihi from him. Later the sonogram was 

compared to the field notes.  

 

In a second trial, an acoustic recorder was left in the field for two days in a valley 

where large numbers of birdcalls of multiple species was expected. The sonogram was 

then examined to see how easy it was to discern hihi calls. 

 

It was found that the acoustic recorders have to be on ‘Sampling’ setting ‘High’ to 

pick up hihi calls. Furthermore, different hihi calls were picked up more or less easily, 

the male territorial ‘See-oo-wit’ and ‘See-wit’ are fairly  distinctive and pervasive, the 

‘stitch’ call is less distinctive, but is apparent if the call is loud, the range of ‘Sip’ and 

‘Ssss’ calls are indistinct and less pervasive. To determine the distance at which calls 

were picked up by the recorder requires a more concerted effort at recording in 

conjunction with making field notes, than was performed in this trial. 

 

A compilation of clear hihi calls is shown in Figure A5.1, a segment of a field 

recording in which hihi calls are easily identified is shown in Figure A5.2, a field 

recording in which hihi calls were made at the same time as other species were calling 

is shown in Figure A5.3 and a field recording in which hihi calls would have been 

easily missed by visual inspection only is shown in Figure A5.4. 

 

It is concluded that it is possible to discern most hihi calls without having to play the 

sonograms. However, some calls will be missed and it would be advisable to estimate 

this error by a ‘blind’ aural vs visual comparison of sonograms. Aural examination of 



 

 

sonograms is in real time and so is very slow, but even visual examination of the 

sonograms is relatively slow because of the large number and diversity of birds 

calling on Hauturu and the fact that having the recorders on the high setting produces 

a protracted sonogram that is slow to scroll through. Finally, even if the resources 

were available to examine bird abundance through the use of sonograms, they would 

not provide density estimates. 

 

 

 



 

 

Figure A5.1 Sonogram compilation of clear hihi calls  

 



 

 

Figure A5.2 Sonogram of a field recording with easily identified hihi calls 
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Figure A5.3 Sonograms of field recordings showing hihi calls with interference of calls of other birds 
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Figure A5.4 Field recordings showing easily missed hihi calls 
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