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WINDY HILL ROSALIE BAY CATCHMENT TRUST.
BIRD COUNTS: DECEMBER 2015
EXECUTIVE SUMMARY
Three-minute bird counts have been made in December, at the same points and mostly by the
same observers at Windy Hill every year since 2000. The results have been reported
annually, and the field and analysis methods described previously.
In 2015 seventy two % of counts (216) were made in five separate locations within the
Sanctuary area, which is managed to keep rodents at low numbers. The remaining twentyeight % of counts (84) were made in four areas where rat numbers are monitored but no
trapping or baiting occurs (the ‘unmanaged controls’ for this study).
The difference between managed and unmanaged areas, clear in all previous reports, was
even more marked this year with the additional controls. Bird density in the managed area
was double that in the unmanaged controls.
The overall a long-term trend of increasing numbers for most species in the Sanctuary
continued. Tui and grey warbler show statistically significant increasing trends.
Kereru recovered slightly compared to previous years in the Sanctuary, but still show an
overall negative trend. However these results are bedevilled by small sample sizes.
Silvereye appears to be declining in the managed areas. However this could be an artefact
resulting from slight differences in methodology between observers.
Introduced species and ‘others’ were similar to previous years. Blackbird and chaffinch are
the main introduced species, but neither were common in the areas counted.
Analysis of the ‘additional species’ noted between points, or heard >25m from a point,
supported the difference between managed and unmanaged areas and showed no significant
differences in overall species ranking with the 3-minute data.
A comparison of bird density and tracking tunnel (rat abundance) results from 2010 – 2015
emphasised the difference between the Sanctuary and the unmanaged areas, and indicated
that tracking tunnel %s below 30% were associated with increased bird densities.
The mean long-term (2010 – 2015) difference between bird densities in managed and
unmanaged areas was taken as a measure of bird mortality due to rats and extrapolated to the
whole of Great Barrier Island. This provided an estimate of the average annual loss of birds
to rat predation on Great Barrier of 83,841birds.
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INTRODUCTION
This report: This report is one of an annual series and is presented in the format used in the
previous Reports. It covers the analysis of 3-minute bird count data sets from Windy Hill
Rosalie Bay Catchment Trust Management Area in December 2015. Comparison is made
between managed areas (in which rat numbers are kept low by the use of traps and bait
stations) and two unmanaged control areas. The 2015 data are also compared with similar
data collected each year since 2008 and trends are plotted.
Previous reports etc.: The bird monitoring project has been outlined in previous reports and
papers. Reports before 2008 were by ECoRAP (Dr S. Ferreira and Anne-Marie Smit) and
cover the period from the commencement of monitoring in 2000 to June 2008. The overall
conclusions to be drawn from these earlier reports are summarised in Ogden, J. 2009.
WHRBCT Bird Counts December 2008, and EcoRAP report: EC0006/12-8. Bird Counts
June 2008. September 2008; all indicate general ecosystem improvement since restoration
began in 20001.
Pest management within the Windy Hill Rosalie Bay Catchment Trust Sanctuary (WHRBCT):
The WHRBCT is a community conservation organisation concerned with pest control and
ecosystem restoration on fourteen mainly private properties in south-east Great Barrier
Island. The managed area now covers c. 620ha, and the trust employs field staff and
volunteers, mainly engaged in pest management, but also monitoring birds, reptiles,
invertebrates, stream fauna and forest tree seedling populations as well as administration.
One of the main strengths of the Trust has been in testing methodology (e.g. different rodent
control and monitoring methods), reporting negative results, and providing transparency on
the costs and benefits of its operations.
Vegetation at Windy Hill: The forest vegetation of most of the Windy Hill area dates from
the abandonment of farming in the 1940s. Manuka (Leptospermum scoparium) was the first
forest cover to establish. The ridges remained open longest, and the youngest ‘scrub’ is found
there. Kanuka (Kunzea ericoides). tends to invade slightly later and is now the dominant
canopy over most of the landscape. Remnants of broadleaf (mostly taraire Beilschmeidia
tarairi, kohekohe Dysoxylum spectabile and puriri Vitex lucens) and podocarp (mostly
kahikatea Dacrycarpus dacrydioides) forest survived the farming on some upper slopes and
in gullies. These species, and other successional trees such as Coprosma arborea, are
currently establishing populations within the mature kanuka. Thus, forest cover forms a
continuum from manuka dominance on ridges, through kanuka, to progressively richer and
taller forest, especially in the valleys, and the composition and structure of all the forest types
1

Ogden, J. & Gilbert, J. 2005. Rodent trapping results from Windy Hill and Benthorn farm, Great Barrier
Island: 1999-2004. Ogden, J. & Gilbert, J. 2009. Prospects for the eradication of rats from a large inhabited
island: community based ecosystem studies on Great Barrier Island, New Zealand. Biological Invasions: 11:
1705-1717. Ogden, J. 2009. Windy Hill Rosalie Bay Catchment Trust. Bird Counts December 2008, Report
JO1. February 2009. Ogden, J. 2011. Windy Hill Rosalie Bay Catchment Trust. Trends in Bird Abundance
2000 – 2011. Report JO5. July 2011. Ogden, J. 2011. Windy Hill Rosalie Bay Catchment Trust. Bird Counts
December 2010, Report JO4. February 2011.
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is changing as succession towards more mature canopies continues. This quite rapid change
in forest structure and condition has been described2 and should be kept in mind when
assessing changing bird abundances.
Bird monitoring: Bird monitoring has played an important part in evaluating the
management actions of the Windy Hill Rosalie Bay Catchment Trust since 2000. Monitoring
has been carried out over (some of) the same transects over this whole period. The necessity
to compare different areas and vegetation types, and to replicate bird counts both spatially
within a locality (e.g. ridge or valley) and at different seasons, was recognised, making this
one of the longest and most comprehensive bird monitoring studies on private land in New
Zealand. However, as the seasonal changes in species abundance/conspicuousness were not
the prime focus of the work, since 2009 formal bird monitoring has been restricted to one
week during December with a view to recording only data essential to assessing the longterm effects of predator management, and reducing costs. Work on sea-bird abundance has
also been commenced following the discovery of black petrel nests within the Sanctuary.

METHODS
Data collection
Three-minute bird counts were made at 50 point-stations on transect lines in five locations
within the managed area (“The Sanctuary”) and in four unmanaged locations outside it (“The
Controls). These areas are named (or given abbreviations) in Table 1. The managed area
refers to the c. 620 ha area in which rat trapping and bait stations are employed; rodent
monitoring tunnels are employed in both managed and unmanaged areas.
All points were counted on six occasions, over a period of nine days. The counting transects
are each 150m in length, with count points marked by a stake at each end. Intermediate 50m
points were not counted, but casual bird observations were noted. There were seven
observers, over the period 1st to 9th December, though most of the counts were made by five
of them. All locations were sampled by more than one observer. (Table 1).
The survey technique was as follows:
°
At each station, birds are counted for 3 minutes.
°
Individuals heard and seen are recorded, with care taken to ensure that each individual
is recorded once only.
°
For each bird recorded, the distance from the station to the bird is estimated in 5m
classes as follows: 0 -5m, >5-10m, >10-15m, >15-20m, >20-25m.

2

Perry, G.L.W., Ogden, J., Enright, N. J. & Davy, L.V. 2010. Vegetation patterns and trajectories in disturbed
landscapes, Great Barrier Island, Northern New Zealand. New Zealand Journal of Ecology 34(3): 311-323.

4

WH 2015 Bird Report

Since 2009 recorders have noted birds calling > 25m from the point or between points in the
margins of the data sheet. This was done to make the counts more comparable with those
carried out between 2006 – 2008 by the Great Barrier Island Charitable Trust3.
In 2015 it appeared that some observers simply recorded the presence of a bird species at a
count station, by a tick, while other observers gave an estimate of the number of that species
at the station. This apparent difference in methodology (just ticking) does not affect the
frequency estimates, but it could cause density estimates to be downgraded. The effect is
likely to be small as most birds were only recorded as a one even by the ‘counters’, but
never-the-less counting methodology should be standardised between observers. Every
individual bird heard or seen at a point should be recorded.
Table 1. Sample sizes, dates and observers for the December 3-minute counts, 20154
Location
Points
Total counts
Start date
End date
(Points x 6
reps)
Ridges (R1 - R6)
12
72
1-Dec
7-Dec
Valleys (V1 - V6)
12
72
1-Dec
7-Dec
Benthorn (2 transects)
4
24
3-Dec
8-Dec
Robin area (2 transects)
4
24
7-Dec
8-Dec
RB & BW (2 trans.)
4
24
4-Dec
8-Dec
ALL SANCTUARY
36
216
1-Dec
8-Dec
Old control (2 trans)
4
24
2-Dec
2-Dec
WF Bay con. (2 trans.)
4
24
1-Dec
1-Dec
RB rd. control (2 trans.)
4
24
1-Dec
9-Dec
L Goat control (1 trans.)
2
12
8-Dec
9-Dec
ALL CONTROLS
14
84
1-Dec
9-Dec
TOTALS

50

300

1-Dec

9-Dec

Observers
(1)
E, D, H, K, R.
E, D, H, K, R.
K, R.
H, R.
D, K.
5 observers
H, J.
Dv, H.
D, H.
D, H.
4 observers
7 observers

(1) Observers: D, Dean Medlands; E, Eloise Goodison ; H, Henry Cookson; K, Kevin
Parsons (team leader); R, Rachel Wakefield; Dv, Dave Harland; J, Josh Robles-McGill.
In 2015 seventy-two % of counts (216) were made in five separate locations within the
Sanctuary, and the remaining twenty eight % (84) made in four unmanaged control locations.
Disregarding the ‘additional’ birds, and bearing in mind the difficulty of visually or audibly
assessing station-bird distances in forest, each station surveys an area of approximately 25m
radius (1963.5m2).

3
4

Great Barrier Island Charitable Trust. Biodiversity Advice Fund AV 207; Final Report.
[WH 2015 data REP Tab 1.xlsx]
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Data analysis
Analysis methodology has been given in more detail in previous reports. It is important to
recognize that bird conspicuousness varies with species, vegetation type, season, time of day,
weather conditions etc. Consequently 3-minute bird counts are difficult to interpret: they will
not usually reflect the actual number of birds present. Consequently it is important to
replicate counts and to be cautious in interpretation.
The 3-minute counts were usually carried out from c. 9.0AM to midday, but some repeats
were in afternoons, until c. 3.0 PM. All stations were replicated six times, but the interval
between replications varied from hours to days. Spreading the work between observers over a
week has the advantage of ‘averaging out’ differences due to weather and possible
differences in observer ability. The total survey sample comprises 300 three-minute counts,
representing a total of 15 hours of observations, but considerably more travel time.
Two ways of summarizing the 3-minute data are presented:
1) Count frequency: frequency for a species based on the number of times a species
was recorded as present at a site, divided by the total number of site-counts (eg,
if a bird was seen or heard on 25 occasions at the 72 station counts on Windy Hill
ridges, it would have a frequency (on WH ridges) of 25/72 = 35%)
2) Density(estimated number per hectare): based on the sum of the numbers
counted at points at any one time (rather than simply ‘present’). Counts per
station are converted into per ha values by multiplying by 5.09296. The
multiplier is 1/0.19635, i.e. the number of point centred sample areas of 25m
radius in a hectare. Note that the separate distance categories recorded in the
raw data have not been used to make more precise estimates of density (see
below).
An important reason for adopting this simplified approach to data analysis and
presentation is that there are serious doubts as to how reliable 3-minute count
data are for estimating ‘true’ density (numbers per ha.). This is because what is
really being measured is the ‘conspicuousness’ of the different species.
The standard deviation (S) of the density estimates for each species have been
converted into 95% Confidence Limits (95%CL = S/(sq. root N) * 1.96).
The first measure (count frequency) cannot exceed 1.0 (100%) for any species. When
based on a large sample size (as here) the percentage value relates directly to the
probability of recording the species at a site. Frequency is an easy measure to compare
between sites and times, and is robust even when fieldwork is carried out by different
observers.
Density is intended to be an absolute (nos./ha) figure rather than simply a relative value
or probability. However, it is also influenced by differences in conspicuousness and,
when most data sets contain many zero entries, is likely to have a wide variance.
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Density is estimated for each species in each location by: (1) assuming that the number
counted for a species at a station in the field data represent the number of individuals <
25m from the station, and (2) converting the number of birds in the circle represented
by 25m radius to a hectare sample by multiplying by 5.0929. This method takes no
account of the detailed ‘distance’ measures (other than ‘within 25m’) and may
underestimate small inconspicuous birds. It gives equal weight to a sighting or hearing
at 5m as to one at 25m. However, more ‘refined’ analyses employing distance
probability functions produce unrealistic estimates, especially for flocking species,
which violate a fundamental assumption of the model5. As demonstrated in the
previous Report6 frequency and density are strongly correlated statistically, so the
former reflects the latter.
The 95% Confidence limits (95% CL) used in the figures are a measure of the variability of
the average estimate in the repeated counts7. Where confidence limits overlap between
compared columns or points, we can conclude that there is no statistically significant
difference between them. Where 95% CLs do not overlap it is likely that there is a real
difference. This conclusion is particularly likely for situations where the lack of overlap is
clear and repeated over several years (e.g. between WH Ridges and Control in 5 out of 7
years). However a more comprehensive analysis of variance (ANOVA), including all the data
may be preferred. The wide variability indicates that selected pair-wise comparisons taken
from a larger body of data must be treated cautiously.

Tracking tunnel analysis
This year a partial analysis of the tracking tunnel (TT) data was included. Tracking tunnels
are a measure of rat abundance. The reason was to examine the relationship between TT and
bird densities, using the various sub-sites within the Sanctuary and the two long-term control
areas. The data are not presented in detail, but the results are presented.

RESULTS
Frequency and density trends 2008 – 2015
Table 2 demonstrates that birds are generally about 20% (21.5) more frequent in the managed
than in the unmanaged areas. Frequency measures the % likelihood of seeing or hearing a
bird within 25, in a 3-minute period. In 2015 the difference between managed and
The model assumes ‘uniform distribution’ of the items being sampled with respect to the sample
transects (or points). Cassey, P. & McArdle, B. H. 1999. An assessment of distance sampling techniques for
estimating animal abundance. Environmetrics 10: 261-278. See also: Cassey, P. 1999. Estimating animal
abundance by distance sapling techniques. Conservation Advisory Science Notes. No. 237. Dept. of
Conservation, Wellington. A key text is: Buckland, S. T. et al. 1993. Distance Sampling. Estimating
Abundance of Biological Populations. Chapman and Hall. London, UK.
6 Windy Hill Rosalie Bay Catchment Trust. Bird Counts. December 2012, Fig. 9. (Report JO 7. March 2013.)
7 95% CL =(standard deviation/squareroot n)*1.96, expressed as ± the mean value
5
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unmanaged areas is close to the long-term average. Individual species frequency data for
2015 are summarised in Table 3.
These data are also shown in Fig 1, which illustrates the trend of increasing bird frequency in
both managed and unmanaged areas. While the overall rate of increase in the unmanaged
areas (dotted line in Fig 1) appears steeper, there is much more variability than in the
managed area, so that the trend line is not statistically significant (Correlation Coefficient, r =
0..5473; P>.0.10). The more consistent trend in the managed area is statistically significant
(r=0.9092; P<0.01) and is always higher than the unmanaged.
Table 2. Total bird frequencies (all species) in the managed and unmanaged (control) areas
at Windy Hill over eight years. The % difference row is the relative increase of the managed
over the unmanaged area, with the overall average in bold8.
2008 2009 2010 2011 2012 2013 2014 2015 Avg.
Transect
Ridges
Valleys
Benthorn
Robin
Rosalie/BW
Old Control
W B Control
Ros B. rd Control
L. Goat control
Avg managed
Avg unmanaged
Difference (%)

72
73
88
60

80
73
81
69

77
78
77
77

82
82
73
81

87
87
85
90

58

29

50

71
56

83

73.3
58
15.3

75.8
29
46.8

77.3
50
27.3

79.5
63.5
16

87.3
83
4.3

85
83
85
83
96
75
50

78
86
91
79
83
71
67

86.4
62.5
23.9

83.4
69
14.4

83
92
87
92
92
50
50
79
83
89.2
65.5
23.7

80.5
81.8
83.4
78.9
90.3
60.9
55.8
79.0
83.0
81.5
60.1
21.5

Table 3. Total bird frequencies by species in managed (Sanctuary) and unmanaged areas in
2015.

8

Species

All Sanctuary

All Controls

Kaka
Silvereye
Tui
Shining cuckoo
Grey warbler
Fantail
Kingfisher
Kereru

25.5
14.3
39.3
4.6
32.9
17.1
11.6
18.5

11.9
8.3
9.5
0
34.5
11.9
3.6
3.6

[WH 2015 data Rep Tab 1,2,3. xlsx]
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Fig 1. Average frequencies of all bird observations in managed and unmanaged areas over
eight years9.
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Fig 2. Average density (all bird species) per ha. in managed (Sanctuary) and unmanaged
areas over eight years10.

9

[WH All Sanctuary 2015.xlsx (comparisons). In: WH 2014 15 DATA birds COPY from Seagate]
[WH 2014 15 DENS Fig2 comparisons: Seagate]
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The density data (Figs 2), as expected, illustrate the same trends as the frequency data, but the
correlation is not statistically significant, although that for the Sanctuary is close. Taken with
the frequency data, the bird abundance trend is clearly upwards. In 2015 the Sanctuary
recorded c. 10 birds/ha compared to c. 4 in the controls (i.e. a difference of six).
14
12

Density / ha

10
8
6
4
2
0
Sanctuary

Unmanaged

Fig 3. Average density (all species) in managed (Sanctuary) and unmanaged areas in 2015.
Error bars are 95% Confidence Limits. Unmanaged is based on all four control areas
monitored in 201511.
The divergence between managed and unmanaged areas in 2015 is emphasised in Fig. 3. Bird
density in the Sanctuary is double that in the unmanaged areas. The difference assessed by a
t-test is highly significant (P <<.001). Compared to the previous year there was an increase in
bird density in the Sanctuary, and a decrease in the controls.
The total (all species) bird count density results for each area in each year are shown in Fig 4.
and included in the Appendix.
The 2015 results show an increase in density over 2014 in the Sanctuary and a decrease in
both unmanaged control areas (the new control areas are not included in the figure).
Persistent patterns can be interpreted or at least used to guide other analyses – for example
the ridges always have higher bird densities than the controls, with no overlap of confidence
limits in five of the eight years. A paired t-test for these two data sets gives a probability due
to chance (p) of .003, indicating a highly significant difference between them. The trend of
increasing bird density in the Robin area is notable.

11

[WH All Sanctuary 2015.xlsx (WH 2014 15 DATA Birds)). Seagate.
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Estimated total bird density 2008-2015
20

Total bird density per ha.

18
16
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14

2009

12

2010

10

2011

8

2012

6

2013

4

2014

2

2015

0
WH
Ridges

Benthorn
WH Valleys

Control
WH Robin
Ros
area
Bay/BW

WF
Contro1

Fig 4. Overall average density of all bird species in the five managed and two control
(unmanaged) areas 2008 – 2015, with 95% Confidence Limits (Vertical bars above and
below the averages). New controls not included12.

Large Fruit and nectar feeders (Fig 5)
Overall trends are still positive for tui and kaka, with the former trend being statistically
significant (Correlation coefficient for tui in managed area: r= .8396** ). Kereru appears to
be declining in the managed area, but numbers are higher than in the last few years. Numbers
declined in the controls, but neither trend is statistically significant.
The difference between the managed sanctuary and the unmanaged areas is greater this year
(2015) than last year, but follows the expected trend. Substantial variation can occur in
counts from year to year (and place to place) in species which tends to move between fruiting
or flowering trees as they become available, and which can be very conspicuous at some
times (e.g. when displaying) but quite cryptic at others (e.g. when feeding or close to nests).

Small insectivores and omnivores (Fig 6)
Fantail and grey warbler seem to be continuing to increase at a similar rate in both managed
and unmanaged areas. The up-wards trend for grey warbler in the Sanctuary is statistically
significant (r = .8312, p < .02). Silvereye on the other hand is apparently declining in the
12

[WH 2014 15 DENS Fig2 comparisons: Seagate]
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managed, with no clear trend in the unmanaged area. The unmanaged control had a lower
mean density of all these species than the managed areas in most years.
Grey warbler and fantail are small insectivorous species. Silvereye are also small and
insectivorous, although also feeding on flower nectar and small fleshy fruits. All are present
throughout the year, but differ in conspicuousness at different seasons (i.e. singing/not
singing) and real population sizes may vary seasonally. Silvereye especially shows flocking
behaviour in winter, when mixed flocks are also frequent. The density estimates for this
species could be affected by different recording methods employed by different observers.
The numbers of these small birds show more annual fluctuations than do the larger long-lived
species, but all three species generally exhibit larger numbers in the managed areas. The
overall trends in all except silvereye suggest a gradual improvement.

Tui
3
2.5
2
1.5
1
0.5
0
8

10

12

14

12
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Kaka
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Fig 5. Density trends for three large fruit/nectar feeders over eight years. Vertical axis is in
all cases estimated density per hectare. Horizontal axis is years commencing 2008. Blue:
average of managed areas. Red: average of unmanaged controls. Trend lines are shown but
confidence limit bars omitted for clarity. Correlation coefficient for tui in managed area: r=
.8396**
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Fantail
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Silvereye
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0
8

9
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11
12
13
Years since 2008

14
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Fig 6. Density trends on small insectivore/omnivore species. Vertical axis is in all cases
estimated density per hectare. Horizontal axis is years commencing 2008. Blue: Average of
managed areas. Red: average of unmanaged controls. Trend lines are shown but confidence
limit bars omitted for clarity13.

Other species (Table 4)
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Table 4. ‘Other species’ recorded at sample points in 2015. Figures are number of observations.
Area
Black
Chaf
Sparrow
Thrush Swallow Morepork
Total
Other
bird
finch
Ridges
1
1
Valleys
1
1
Benthorn
3
1
1
1
6
Robin
3
1
4
Rosalie Bay
1
1
Control
0
Water Fall
0
Ros. Bay Rd
2
2
L. Goat Rd
1
1
Total
9
2
1
1
1
2
16
As in most previous years blackbirds and chaffinches were the most conspicuous ‘other
species’ recorded at sample points. The former are conspicuous by their song; three records at
a site might relate to only one bird. The record of morepork at two sanctuary sites is
noteworthy.

Other ‘additional’ records (Table 5)
Birds heard or seen while moving between points were noted on the sides of the data sheets.
This additional recording was not done in a consistent manner and was intended only to
supplement the more carefully obtained data set already presented. Additional counts were
adjusted in the controls by multiplying by 2.57 (i.e. 216/84) to allow for the lesser amount of
time spent in the control areas.
There were three times more additional records within the Sanctuary compared to the
controls, reflecting the bird density and frequency differences. Also, while there were
differences in species abundance ranking between the two areas, these differences were not
overall significant (Spearman’s rank correlation: R = .704, with 7 degrees of freedom t =
2.624, p < 0.05*). Tui were generally ranked number one, but kereru, ranked second in the
Sanctuary, was much less conspicuous in the control areas (7th). This also agrees with the
numerical 3-minute count data.
Agreement in species ranking between the Sanctuary and Controls also occurred in the
density data (R = .837, t = 4.055, p <0.01**).

13

Figs 5 and 6 graphs and data in: WH 2014 & 15 ANAL by spp Figs 7 & 6. Xlsx (Seagate)
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Table 5. Birds seen or heard while moving between sample points. Data are number of times
the bird was seen or heard between points14.
Species
Sanctuary
Controls
Sanctuary
Control
Adjusted
Rank
Rank
Tui
47
16
1
1
Kereru
29
3
2
7
Kaka
28
10
3
2
Silvereye
17
8
4
3.5
Kingfisher
13
5
5
5.5
Grey Warbler
11
8
6
3.5
Fantail
9
5
7
5.5
Other
5
0
8
8.5
Shine Cuckoo
1
0
9
8.5
Total
160
55
45
45

Comparison with tracking tunnel (rat frequency) data
A partial analysis of the tracking tunnel (TT) data for the 2010 – 2015 period was undertaken.
An earlier preliminary analysis had suggested that bird frequencies values and tracking tunnel
percentages had a curvi-linear relationship indicating a marked drop in bird frequencies when
tracking tunnel records exceeded 30%15. In the current analysis bird density rather than
frequency was used because the latter is constrained to a maximum of 100%, and a larger
number of years and sites were used16. Annual average TT %s were used rather than the
September/November averages (i.e. the values immediately preceding the December bird
counts) because the correlation shown with bird density estimates was slightly higher for the
annual data.
Two groups within the data are clearly evident (Fig. 7) – those relating to the unmanaged
areas with high TT rates and low bird densities (means: 57.5 % TT and 6.4 birds/ha
respectively), and those from the managed Sanctuary area (means: 9.1 % TT and 10.8
birds/ha). The two clusters are notably different: in the sanctuary there is a spread of bird
densities despite consistently low TT%s, while in the unmanaged area TT%s show wide
variability, and bird density is generally low. Extrapolation of the best fit linear line indicates
that with full rat infestation (100% TTs) the bird density would be at c. 4 birds/ha., while in
the total absence of rats it would be c. 11 birds/ha (i.e a three-fold difference). If the linear
relationship is accepted, there is no support for the concept that 30% TT (or any other %) is a
threshold. However, values below 30% will generally ‘save’ two more birds/ha. (Every 15%
[WH 2014 & 15 Table 4 other spp.xlsx] Seagate.
See: WH Rats v birds 2010.xlsx [In: WH Birds 12/2010]. Also: WH 11 Rats2.xlsx [In: WH 2011]. All on
Seagate.
16
The TT data used were averages for the year based on Jan., April, July, Sept., and Nov. for 4 lines of 10 TTS
at both Little Windy Hill and Benthorn farm (equates to “The Sanctuary”) and for 2 lines of 10 TTs at both the
Old Control and Waterfall Bay Control (WFB). All data were for all years 2010 to 2015, except WFB, which
commenced in 2012.
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is equivalent to c. 1 bird /ha.). Overall (six year) average bird densities with 95% Confidence
Interval are presented in Table 6, and graphically on the cover of this report. Note that the
Sanctuary average here is slightly smaller than that shown in Fig 7 because the Robin Area
has been included, thus bringing down the Sanctuary average and providing a more
conservative difference of 3.45 birds/ha. The implications of these results will be addressed
further in the Discussion.

Average
95% CL

Sanctuary

Unmanaged

9.82
0.69

6.37
0.85

Table 6. Average bird densities/ha over 2010-2015 in managed (Sanctuary) and unmanaged
areas. The Robin Area is included in the Sanctuary average.

Mean bird density (all spp) per ha.
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y = -0.072x + 11.044
r=0.675 p < 0.01**
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Fig. 7. Estimated bird density v. estimated rat density (tracking tunnel percentages) for the
Sanctuary (Little Windy Hill plus Benthorn) and the unmanaged area (Old Control and
WFB) averaged from five seasonal counts in each of six years (2010-15) except WFB with
only two years. The line is the linear trend. The red circles represent the averages for the
Sanctuary (left) and the unmanaged areas (right)17.
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DISCUSSION
As noted in earlier Reports, the density estimates for individual species are probably best
regarded as ‘indices of abundance’ rather than reliable estimates of actual numbers per
hectare. Overall density (all species) is probably more robust, and is the best estimate of
density per hectare available for birds in the bush on Great Barrier. As demonstrated
previously18 frequency and density are highly correlated, but because density utilises all the
numerical and some of the distance data, and is not limited to a maximum of 100, it is the
better comparative measure.
The long-term trend to increasing numbers, and the higher bird density, in the five managed
compared to the two unmanaged areas are both statistically reliable. This is particularly clear
for two of the commonest birds, tui and grey warbler – representatives of the frugivore and
insectivore guilds respectively. The improving trend, and the significant difference between
managed and unmanaged areas, are supported by other evidence (e.g. reptile biomass19) and
can be reasonably accounted for by the management regime having greatly reduced rodent
populations in the managed areas. They are a strong justification for continuing this work.
The tracking tunnel analyses did not identify a ‘threshold level’ for tracking tunnel rates, but
clearly illustrated the difference between managed and unmanaged areas, and implied that
values below 30% are generally associated with increased bird density.
The results in Figure 3, showing the overall bird density difference between managed and
unmanaged areas of c. four birds/ha in 2015, can reasonably be interpreted as indicating that
four ‘potentially present’ birds/ha have been lost due to rat predation. This equates to saving
about 2500 birds in the 620 ha Sanctuary area in 2015. This conclusion can be further
generalised by obtaining the long-term average difference in bird density (with confidence
limits) between managed and unmanaged areas, as indicated by the red circles in Fig 7 and
the more conservative difference of 3.45 birds/ha indicated in the cover illustration and Table
6. This difference provides the following estimates:
Birds saved per year in the Sanctuary = 3.45 x 620 ha = 2140
Birds lost per year over whole GBI20 = 3.45 x 24,285 ha = 83,841
The confidence intervals on the bird density estimates (Table 6) allow a maximum error range
of ± 37,000 for the island-wide estimate, so we can feel 95% confident that the true value for
Windy Hill Rosalie Bay Catchment Trust. Bird Counts December 2012. P. 12. (Report JO 7. March 2013).
Reptiles and invertebrates have been monitored at Windy Hill since 2006. See: Interim Report on
Windy Hill Reptile Sampling 2006 – 2013. Ogden November 2014. Invertebrate data are currently being
analysed.
20 From Landcare data base2: Scrub+Forest = 24285 ha.
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the Island as a whole lies in the range 46,000 to 121,000. Although this is a very wide
interval, the mean (83,841) is likely to be close to the true value, and is strongly supported by
an entirely independent estimate of 86, 513 obtained by applying the logic and figures (based
on nests/ha, eggs/nest, average failure rate and % failure due to rats) derived from studies
throughout New Zealand by Innes et al. 201021. (The derivation of this figure is given in
detail in the GBI Environmental Trust publication Environmental News nos. 28 and 35, albeit
with very slightly different numbers).
The coincidence between the GBI estimate derived from field bird density data collected on
the Island, and the estimate derived from the New Zealand wide literature on predation
effects by Innes et al. is remarkable, and at least indicates that the estimate is of the correct
order of magnitude.
The conclusion that c. 85,000 birds are being lost to predation annually on Great Barrier, is
perhaps the most important conclusion yet derived from the bird monitoring at Windy Hill.
The exact number is irrelevant, but the magnitude is important; it represents about a third of
the birds potentially present. The conclusion is based on six years of measurements in four
areas within the sanctuary and two areas outside. Because it factors in the bird-poor kanuka
dominated Robin Area, it is likely to be conservative rather than an over-estimate.

CONCLUSIONS
° The eight-years of records from the managed areas at Windy Hill, show positive trends for
both frugivores and insectivores, with statistically significant results for tui and grey warbler.
The only (non-significant) exceptions are kereru and silvereye.
° The difference between rat-managed and unmanaged areas is clear. Managed areas have
twice as many birds, and more species, than unmanaged areas. Tui are nearly 3 times as
abundant in the managed areas. However, this difference may be declining due to ‘spill-over’
from the managed areas, or for other unknown reasons.
° Tracking tunnel rates below 30% are clearly beneficial to birds, but there is no clear
‘threshold value’ for tracking tunnel rates.
° The difference between bird densities in managed and unmanaged areas over a six-year
period allows an estimate of bird loss rate.
° When extrapolated to similar vegetation over the whole of Great Barrier this leads to the
conclusion that c. 85,000 birds are being lost to rat predation every year.
° This conclusion (above) draws attention to the value of monitoring long-term trends which
cut through the expected annual variability.
Innes, J., Kelly, D., Overton, J,M. & Gillies, C. 2010. Predation and other factors currently limiting forest
birds. New Zealand Journal of Ecology 34(1):86-114.
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RECOMMENDATIONS
1. That the current bird monitoring programme is continued in December each year.
2. That the field methodology is re-explained at a meeting of all field-workers, with a
view to improved standardisation in recording.
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APPENDICES
Appendix 1 of previous years is discontinued here. The 2015 frequency data are summarised
in Table 3 and can also be derived from the Appendix 2 data.
Appendix 2. Raw data as transcribed for analysis. Also on memory stick filed at Windy Hill.
Note that the values at the base of the left hand columns are (1) the count of cells with a
number in the column, (2) the bird frequency, (3) the sum of the column. The numbers aty the
bases of the right hand columns are averages, standard errors and the 95% confidence
interval.
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