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Figure 21:  Winter fl ight trails at 3 NM.
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 Distribution of winter migrant activity8.1.6
The following graphs summarise observed migrant activity in winter 2008. The majority of observations were heard 
not seen during night time listening. A number of stilt observations may relate to resident birds in and around the 
lakes. Each observation, whether of 1 bird or a fl ock, is treated as one count. When comparing the graphs note the 
difference in the scale of the y axis.
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Figure 22:  Flock Counts of each migrant species, winter 2008
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 STAGE 1: POPULATION SIZE AND SPECIES METRICS8.2

The data were treated in a series of steps, Stage 1 developed appropriate species metrics. Stage 2 determined the 
size of the affected migrant population using agreed multipliers to estimate the number of birds that were not detected 
as they passed over or near the site. Stage 3 fi rst estimated the proportion of that population which crossed the wind 
farm footprint, and then estimated the proportion of those birds which crossed the site within the rotor swept zone. 
Stage 4 applied these SIPO metrics to the other migrant species.

Because a signifi cant amount of data was obtained for SIPO and very limited data were obtained for other migrant 
species, it was agreed that the statistics obtained for SIPO would be applied to the other migrants to obtain a base 
case scenario. This approach assumed that all migrant species travelled along the same routes as SIPO and at 
the same height and necessitates a high level of caution when interpreting results for other species. This approach 
could signifi cantly over-estimate or under-estimate actual use of the site and the direction of any bias is unknown. 
Ultimately, interpreting the results for these species will require the subjective consideration of each species specifi c 
biology and behaviour.

Stage 5 was to develop and apply a range of scenarios ranging from the observed to worst case, and apply the 
resulting population totals to the Band model. Variance and uncertainty for each scenario assessed was tested using 
Monte Carlo simulations. The scenarios tested are described in more detail in the following sections.

Stage 6 was to undertake population modelling of the base, observed, and worst case scenarios for the key 
species.

 Estimates of migrant populations8.2.1
In order to model the data, an estimate of the population size of each migrant species was calculated, estimated 
from several key references (Dowding & Moore 2006, Melville and Battley 2006). The estimated population size for 
species (Table 21) were adjusted through discussion by the advisory group and based upon current knowledge.

For most migrants only a proportion of the total population migrates between the north and south island and a subset 
of those is believed to migrate up the east coast. Note also that the national population of banded dotterel is in the 
order of 25,000 birds, but only a proportion (c. 12,500) migrates within New Zealand. The remainder migrate to 
Australia.

Table 21 National and regional population estimates for migrant populations.

Species Total Migrant Population Proportion using West Coast Source
SIPO 120,000 70,000 Advisory group
Godwit 100,000 15,000 P. Batley pers.com.
Wrybill 5,000 4,500 Advisory group
Banded dotterel 12,500 6,000 Advisory group
Pied stilt 30,000 15,000 Advisory group
Black stilt 35 1 Advisory group 
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 Flight speed8.2.2
Timed observations were taken at each of the observation sites for many of the observed fl ocks to allow an accurate 
estimate of fl ight speed for SIPO under several different wind conditions. The average speed was 14.40 m/sec (95% 
CI 2.18, n = 523 observations) which equates to 52 km/hr (Table 22).

Table 22 Calculations of fl ight speed for SIPO

From - to Distance (m) (n) Mean time
Flight Speed 

(m/s)
Flight Speed 

(km/hr)
Parahaki - Radar 4,300 228 04:20 16.3 58.9
Radar - Paparoa 3,600 192 04:50 12.5 45.0
Parahaki - Paparoa 8,000 103 09:20 14.3 51.7
   Average 14.4 51.9

The fl ight speed for Godwit was derived from satellite telemetry during migration (P. Batley pers.com). The fi gure 
used was 17 m/sec. Flight speed data were not available for other species and a uniform 12 m/sec was agreed.

 Metrics required for modelling8.2.3
Key metrics required for the mortality modelling include wingspan, body length and fl ight speed (as discussed 
above). Wingspan and body length were derived from the Handbook of Australian, New Zealand and Antarctic birds 
(Marchant and Higgins 1993). The metrics used for each species are as follows.

Table 23 Key metrics for migrant species

Species Wingspan 
(m)

Body length 
(m)

Bird Speed (m/s) Source

SIPO 0.830 0.460 14 Taharoa Data
Godwit 0.730 0.380 17 Phil Battley
Wrybill 0.383 0.196 12 Agreed by advisory group
Banded dotterel 0.395 0.195 12 Agreed by advisory group
New Zealand dotterel 0.480 0.270 12 Agreed by advisory group
Black stilt 0.580 0.385 12 Agreed by advisory group
Pied stilt 0.670 0.350 12 Agreed by advisory group

 

 STAGE 2: TAHAROA MIGRATIONS - SOUTH ISLAND PIED OYSTERCATCHER 8.3
SIPO

Only a subset of the total number of SIPO passing or crossing Taharoa was observed. The following section describes 
how the observed sample was scaled to develop a more realistic population estimate for modelling. A number of 
assumptions were made as part of the process of developing multipliers and are discussed below. Where there was 
any doubt the more conservative estimate was used.

 Total SIPO Observations8.3.1
In summer 2008 1,323 SIPO fl ocks were observed and 20,750 birds counted. A further 265 trails were seen on radar 
but not confi rmed by observer. This gives 1,588 potential SIPO fl ocks.

In winter 2008 67 fl ocks were observed and 2,240 birds were counted. 390 SIPO fl ocks were heard but not seen 
(night time observations). A further 941 high probability trails were recorded by radar. This gives 1,398 potential SIPO 
fl ocks (Table 26). 
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 Mean fl ock size8.3.2
Many fl ocks were only observed on radar as a single trail (summer 274 fl ocks, winter 941 fl ocks). In order to scale up 
these observations to provide a total population, mean fl ock sizes needed to be calculated. Note that this was only 
possible for SIPO. No other species was seen in suffi cient numbers to provide a useful mean.

Mean fl ock size for SIPO varied considerably between summer and winter. Birds undertaking the northern migration 
probably leave their breeding grounds in smaller numbers and fl y through the night to arrive at northern harbours 
during daylight. It is possible that some large fl ocks will divide into smaller fl ocks during the journey. This was 
observed on a number of occasions during January 2008. The southern migration, starts at northern estuaries, which 
are mostly only a few hours fl ying time from Taharoa. The shorter fl ying time means it is more likely that fl ocks will 
still be larger when they reach Taharoa. It has been observed from sites such as Miranda, that SIPO leave these 
estuaries in large numbers at dusk. This may explain larger fl ock sizes observed at Taharoa during winter.

Mean fl ock size in summer was 15.7 birds (95% CI = 0.72; n = 1,323 verifi ed fl ocks) which was rounded up to 16 
birds per fl ock.

Mean fl ock size in winter was 33.4 birds (95% CI = 6.11, n = 67) which was rounded down to 33 birds per fl ock.

 Unknown radar trails8.3.3
Mean fl ock size was used to scale up radar trails that met the criteria for inclusion but which were not confi rmed 
by visual observation (Table 19). It was assumed that all unconfi rmed radar trails were SIPO. This is likely to be an 
overestimate as a number of large birds such as swans, geese, gannets, and shags leave radar trails diffi cult to 
distinguish from those of SIPO. This scale up is therefore considered conservative and precautionary.

In summer 265 high probability radar trails equates to 4,240 SIPO (@ 16 birds per trail/fl ock. •

In winter 390 fl ocks of SIPO were heard but not seen. This equates to 12,870 birds @ 33 birds per fl ock. •

In winter 941 high probability radar trails equates to 31,053 birds @ 33 birds per trail/fl ock. •

 Missed fl ocks8.3.4
The advisory group determined that a proportion of birds near or across Taharoa were not detected by radar, or 
observers. Advice was sought from a statistician on an appropriate scale up to account for missed fl ocks. The 
conclusion was that summer observations were highly dependent and a value of 25% would account for fl ocks 
not seen. Winter observations were considered likely independent and a value of 17.7% was agreed. Appendix 2 
provides the calculations used for these scale up estimates.

Table 24 provides a summary of fl ocks seen by each detection method.
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Table 24 Summary of SIPO fl ock observations by detection method, summer and winter 2008 migrations. 

SUMMER: total fl ocks = 1,588
(Radar = 829 trails, seen or heard = 1,323 fl ocks)

Radar only = 265 fl ocks Observer only = 759 fl ocks

Radar & Observer = 564 fl ocks
Missed = 25% 

(397 fl ocks)

WINTER: total fl ocks = 1,398
(Radar = 1,171 trails, seen or heard = 457 fl ocks)

Radar only = 941 fl ocks Observer only = 227 fl ocks

Radar & Observer = 230 fl ocks
Missed = 

17.7% (247 fl ocks)

Table 25 shows the number of fl ocks observed at each sample site during the summer 2008 migration, and the 
proportion of those fl ocks that were only seen at that sample site. For example 620 fl ocks were seen at Parahaki. 
588 of these fl ocks were seen again at another sample site. 32 fl ocks seen at Parahaki were not seen again. In total, 
517 fl ocks were only seen once, 1,071 or 66% of fl ocks were seen two or more times.  

Table 25 Summary of SIPO fl ock observations by observation site (summer migration 2008)

 
Flocks 

seen

Only seen 
at this 

site

% trails 
only seen 

at this 
site

Detected 
at other 

sites

% trails 
seen at 

more than 
one site

Radar 829 265 32% 564 68%
Parahaki 620 32 5% 588 95%
Container 1,122 162 14% 960 86%
Paparoa 535 48 9% 487 91%
Ted’s 155 10 6% 145 94%

There were only very rare occasions where the same fl ock was visible simultaneously from two observation sites (not 
including radar coverage). This suggests that there was minimal overlap of coverage.

A further correction was made for summer migrations. Daytime observation showed that approximately 50% of 
fl ocks seen by observers were not detected by radar, refl ecting fl ight within zones where the radar is blind such as 
the beach and breakers, and low fl ights inland above the Taharoa Lakes or other radar limitations. For the summer 
migration a correction was made by doubling the number of trails seen at night. This added 126 fl ocks or 2,016 birds 
based on an average of 16 birds per fl ock.

A similar correction was not made to the winter migration, as there was no information to determine the proportion of 
fl ocks travelling in areas hidden from radar.

 Blanked sector8.3.5
One area of bias that was of concern was the effect of a 30 degree segment of radar display that was “blanked out” 
following concerns raised by the local residents. Several methods were used to quantify the potential number of SIPO 
trails that would have been missed by radar because of this.

The fi rst method looked at the number of confi rmed SIPO trails that crossed the project footprint to the north and 
south of the 30 degree segment during summer. The boundary was divided into segments of equivalent length to 
that hidden by the segment. This provided an estimate of missed trails of between 32 and 52 (between 2% & 4% of 
all fl ocks).
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A second method used a north-south transect bisecting the site and the calculation of density of trails crossing the 
transect. This produced an estimate of missed trails of between 9 and 40 (between 0.1% & 3% of all fl ocks).

It was agreed that for the northern migration a value of 3.5% would be used to estimate missed trails in this sector.

Mid way through the southern migration permission was received to reinstate radar coverage of the blanked out 
sector. This allowed before and after comparisons. Winter sampling extended from 8 July – 24 August inclusive. The 
blanked sector was reinstated on 13 nights of 49 (25%).

25 trails were only seen in this sector when the sweep was restored. On the same nights 310 trails were observed 
in total. This equates to a potential loss of 8 % of all trails when the sector is blanked. For the winter migration this 
equates to 100 trails or 3,300 birds based on an average of 33 birds per trail.

It was not considered appropriate to use the same multiplier for both migrations given the different fl ight paths used 
and the different conditions experienced.

 Migration “tails” pre- & post- sample period8.3.6
The advisory group determined that while the sampling periods were chosen to capture the peak of the migration 
event, they would miss birds at the start and fi nish of each migration period because these periods were not monitored. 
A further multiplier was used to account for this.

After consideration of the behaviour of the species, the group agreed on a two week tail at both ends of each 
migration event with daily numbers equivalent to roughly one third of the peak daily numbers (approximately 1,200 
birds). For SIPO this equated to 14 days of 400 birds, or 5,600 birds.

 Summary of estimated SIPO movement8.3.7
The various multipliers and corrections are summarised in Table 26. The overall effect of these adjustments is that 
the observed number of birds in summer is increased from 20,750 to 39,728. The observed number of birds in winter 
is increased from 2,240 to 63,627.

While the analysis of the summer migration is based upon a considerable dataset of verifi ed fl ocks, the winter 
migration has a much smaller verifi ed dataset raising the risk that the multipliers used added considerable bias to 
the results.
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Table 26 Calculation of seasonal migrant population of SIPO at Taharoa

Summer Winter
Observed Birds

Summer 1,323 fl ocks: 20,750 birds counted• 1,323 20,750 20,750
Winter 67 fl ocks: 2,240 birds counted• 67 2,240 2,240

Average Flock Size
Summer• 16
Winter• 33

Unknown – presumed SIPO
Summer 265 unconfi rmed radar trails• 265 16 4,240
Winter 390 heard-not-seen• 390 33 12,870
Winter 941 unconfi rmed radar trails• 941 33 31,053

Missed Flocks
Summer (Observed x multiplier)• 24,990 25.0% 6,248
Night time radar scale up (fl ocks seen x 2)• 126 16 2,016
Winter (Observed x multiplier)• 46,163 17.7% 8,171

30 degree radar
Summer (Observed x multiplier)• 24,990 3.5% 875
Winter (Observed x multiplier)• 46,163 8.0% 3,693

Average Daily Activity
Summer (SUM to date / 4.5 weeks)• 34,128 1,083
Winter (SUM to date / 7 weeks)• 58,027 1,184

Missed migration period
Summer 2 week tail• 14 400 5,600
Winter 2 weeks tail• 14 400 5,600

TOTALS 39,728 63,627
% Scale up from Observed 191% 2,840%
% West Coast Migrants 70,000 57% 91%

It is notable that in summer, the period of greatest observational accuracy, the scale-ups result in an estimate of 57% 
of the estimated migrating population of SIPO passing within 6 NM of Taharoa. In winter, the period with the poorest 
observational accuracy, the scale-ups result in an estimate of 91% of the migratory population passing within 6 NMs 
of Taharoa. It cannot be determined without further study to what degree this difference is a refl ection of different 
behaviours during the two migrations, unaccounted sampling error or inaccuracies in the scale-ups used.

 STAGE 3: PROPORTION OF POPULATION AT RISK8.4

The second stage in the analysis is the estimate of the proportion of the total migrant population that is at risk of 
turbine strike. Firstly the percentage crossing the footprint is estimated. Secondly the percentage of those crossing 
the footprint within the rotor swept height is estimated.

 Inland / offshore8.4.1
For the estimation of total birds fl ying over the wind farm footprint all radar trails (both confi rmed and unconfi rmed) 
were used. Any trail that crossed the coast at any point was “inland”. Inland trails were separated into those which 
touched or crossed the wind farm footprint and those which passed inland of the proposed wind farm site. The 
summer result was 25% crossing the footprint. The winter result was 21%.
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Table 27 Proportion of radar trails crossing the footprint in summer and winter

SUMMER Radar Trails (SIPO + Unknown) Flocks %
Offshore 386 49%
Inland – missed wind farm 212 26%
Inland – over wind farm 203 25%
Total trails 801 100%

WINTER Radar Trails (SIPO + Unknown) Flocks %
Offshore 464 41%
Inland – missed wind farm 426 38%
Inland – over wind farm 241 21%
Total trails 1,132 100%

 Rotor swept area (RSA)8.4.2
For the estimation of fl ocks moving at RSA all verifi ed SIPO fl ocks seen over land were used. For summer there was 
a large data set of 264 observations where height data were available. Of these 137 were recorded as fl ying at RSA. 
The percentage at RSA averaged across the four observation sites was 52% (Table 28).

Table 28 Proportion of SIPO fl ocks crossing footprint that fl ew at RSA – summer 2008

Summer All Flocks Crossing Footprint Total @ RSA RSA %
Parahaki 78 57 73%
Radar container 111 49 44%
Paparoa 39 10 26%
Ted’s 36 21 58%

Combined Totals 264 137 52%

In contrast there were relatively few observations in winter, scattered over more sites, and made in more diffi cult 
conditions of poor weather and low light (Table 26). The percentage of observations at RSA in winter was 46% but 
varied from 0% to 100% due to variation in the small sample size.

Table 29 Proportion of SIPO fl ocks crossing footprint that fl ew at RSA – winter 2008

All SIPO Observed Total @ RSA RSA %
Beach 2 0 0%
C8 10 6 60%
Paparoa (including 5 offshore) 6 5 83%
Radar container 33 12 36%
Te Koroha 1 1 100%
Combined Totals 52 24 46%

It was agreed to use the summer mean of 52% for both periods in recognition of the poor data available for winter. 
It is recognised that the actual percentage of fl ights at RSA during winter could be greater or less than this fi gure, 
however.

It should be noted that if a fl ock was observed at RSA at any one observation site it is modelled as if it remains at RSA 
for the full traverse of the site. This is likely to over-estimate risk as many fl ocks were observed to change altitude 
during their traverse of the site. Table 30 shows that during the summer migration 73% of fl ocks were travelling at 
RSA when seen at Parahaki, when they passed the Radar this had reduced to 44%, and at Paparoa this reduced 
again to 26% as fl ocks climbed to cross the northern ridgeline. There would also have been some fl ocks that were 
recorded fl ying outside RSA but which moved into the RSA zone once out of view. There are no equivalent data from 
the winter migration.
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Table 30 Changes in fl ight height across the wind farm footprint – summer 2008

Parahaki Radar Paparoa
<20m 5 6% 7 6% 0 0%
20–150m (RSA) 57 73% 49 44% 10 26%
150–200m 10 13% 23 21% 5 13%
200m + 6 8% 32 29% 24 62%

Combined 78 100% 111 100% 39 100%

 Summary8.4.3
The preceding section is summarised in Table 31. The overall effect of these adjustments is that number of at risk 
birds in summer is reduced from 39,728 to 5,165 birds. The number of at risk birds in winter is reduced from 63,627 
to 6,948.

Table 31 Summary of calculations for at risk birds

  Summer Winter
Population  39,728 63,627
Proportion crossing footprint    

Summer• 25% 9,932  
Winter• 21%  13,362

Proportion fl ying within Rotor Swept Area    
Summer• 52% 5,165  
Winter• 52%  6,948

% of migrating population @ risk 7.38% 9.93%

 STAGE 4: MODELLING SCENARIOS8.5

 Basic Band model8.5.1
The advisory group agreed to model four scenarios. They are as follows:

SCENARIO 1 (Observed data): This scenario uses the data that was collected in the fi eld, appropriate scaling,  •
as described in the previous sections.

SCENARIO 2: This scenario presents a conservative case where 100% of West Coast migrants pass or cross the  •
Taharoa study area. It then applies the SIPO data to determine the percent of the population that will cross the 
wind farm at RSA. The purpose of this is to model a worst case scenario for species such as wrybill and banded 
dotterel, which proved diffi cult to observe and were not detected by radar.

SCENARIO 3: This scenario assumes that 100% of West Coast migrants use the Kawhia approach and 100%  •
of these birds pass through the wind farm footprint at rotor swept height. While this model is unrealistic it was 
incorporated on the basis that if potential mortalities of any or all species was insignifi cant at the species-specifi c 
population level extended over time, then no further assessment would be required.

 Monte Carlo analysis8.5.2
Four scenarios were modelled using a Monte Carlo simulation.  See Appendix 3 for details.

MC1 – uses values for these variables observed during monitoring in 2008 up to a reasonable worst case,  •
assuming a uniform distribution between these values (using the same principle as above to select the simplest 
distribution to describe the data).

MC2 - uses mean input values as observed during 2008. •
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MC3 - uses the same input data as MC2 but increase the percentage of fl ights through the risk window to include  •
all inland fl ights. The specifi c purpose of this scenario is to address the question of how much risk would increase 
if there was a slight shift in movements to the north and hence more birds fl ying through the risk zone.

MC4 - as MC2 but with the % of fl ights through the risk window run with a uniform distribution between 48% (all  •
‘inland’ birds fl ying through wind farm) and 100% (maximum possible).

 STAGE 4: SIPO scenario applied to other species8.5.3
This section applies the SIPO estimates for population and percentage at risk to the fi rst three scenarios above.

Table 32 Band model scenarios for the six species assessed.

SCENARIO 1 (observed)

% of migrants at Taharoa  SIPO Godwit Wrybill
Banded 
dotterel Pied stilt Black stilt

Summer• 57% 39,728 8,513 2,554 3,405 8,513 0.57
Winter• 91% 63,627 13,634 4,090 5,454 13,634 0.91

% over wind farm footprint        
Summer• 25% 9,932 2,128 638 851 2,128 0.14
Winter• 21% 13,362 2,863 859 1,145 2,863 0.19

% fl ying within RSA  
Summer• 52% 5,165 1,107 332 443 1,107 0.07
Winter• 52% 6,948 1,489 447 596 1,489 0.10

Annual 12,113 2,596 779 1,038 2,596 0.17
% Migrant Population 17% 17% 17% 17% 17% 17%

SCENARIO 2 

% of migrants at Taharoa  SIPO Godwit Wrybill
Banded 
dotterel Pied stilt Black stilt

Summer• 100% 70,000 15,000 4,500 6,000 15,000 1.00
Winter• 100% 70,000 15,000 4,500 6,000 15,000 1.00

% over wind farm footprint        
Summer• 25% 17,500 3,750 1,125 1,500 3,750 0.25
Winter• 21% 14,700 3,150 945 1,260 3,150 0.21

% fl ying within RSA
Summer• 52% 9,100 1,950 585 780 1,950 0.13
Winter• 52% 7,644 1,638 491 655 1,638 0.11

Annual 16,744 3,588 1,076 1,435 3,588 0.24
% Migrant Population 24% 24% 24% 24% 24% 24%

SCENARIO 3

% of migrants at Taharoa  SIPO Godwit Wrybill
Banded 
dotterel Pied stilt Black stilt

Summer• 100% 70,000 15,000 4,500 6,000 15,000 1.00
Winter• 100% 70,000 15,000 4,500 6,000 15,000 1.00

% over wind farm footprint        
Summer• 100% 70,000 15,000 4,500 6,000 15,000 1.00
Winter• 100% 70,000 15,000 4,500 6,000 15,000 1.00

% fl ying within RSA        
Summer• 100% 70,000 15,000 4,500 6,000 15,000 1.00
Winter• 100% 70,000 15,000 4,500 6,000 15,000 1.00

Annual  140,000 30,000 9,000 12,000 30,000 2.00
% Migrant Population  200% 200% 200% 200% 200% 200%
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 STAGE 5: COLLISION MODELLING8.6

Three additional metrics are required for the calculation of collision risk

 Turbine downtime8.6.1
Turbine downtime relates to the period when there is either insuffi cient wind for the turbines to operate, or the wind 
velocity exceeds a cut-off level and the turbines are “feathered”.

Its calculation depends on the cut in wind speed, which for most turbines is around the 3-4 m/s range. A typical 
algorithm for low wind speed start up of a wind turbine might be something like;

<2 m/s – no movement.− 
Between 2 – 3 m/s activate yaw system and begin tracking the wind.− 
> 3 m/s activate pitch system, bring the rotor up to speed and generate where possible.− 
3.5 m/s turbines should be (on average) rotating and generating.− 

Wind speed data from four years was used to determine the extent of turbine downtime over the two migration seasons 
(Table 33). Note that the data presented is based on 4,468 observations per month taken every 10 minutes.

Table 33 Calculation of turbine downtime calculations for summer and winter

Wind speed < 3m/s  2004/05  2005/06  2006/07  2007/08
Four Years 
Combined

n % n % n % n % %

Dec 267 6.0% 379 8.5% 599 13.4% 619 13.9% 10.4%
Jan 772 17.3% 737 16.5% 604 13.5% 975 21.8% 17.3%
Feb 863 21.4% 689 17.1% 858 21.3% 560 13.4% 18.3%
Mar 954 21.4% 1063 23.8% 759 17.0% 921 20.6% 20.7%

Average for period 16.7%

Jun 852 19.7% 738 17.1% 429 9.9% 717 16.6% 15.8%
Jul 333 7.5% - - 508 11.4% 640 14.3% 11.1%
Aug 1052 23.6% 582 18.0% 495 11.1% 521 11.7% 16.1%
Sep 886 20.5% 948 21.9% 810 18.8% - - 20.4%

Average for period 15.8%

Assuming a cut in wind speed of 3 m/s the turbines modelled for Taharoa wouldn’t be running 16.7% of the time in 
summer, and 15.8% of the time in winter.

 Risk corridor width8.6.2
The Band model creates a two dimensional “wall” or risk corridor area based upon the collision risk height (equivalent 
to blade diameter) and the risk corridor width. This value has a large effect on the collision risk model, the wider the 
corridor, the greater the spacing between turbines and the lower the risk of collision.

To determine the corridor width the average fl ight direction (vector) was obtained from all radar trails and applied over 
both migrations to determine the angle of approach to the wind farm. The corridor width was calculated from this as 
3,794m for the northward migration and 4,018m for the southward migration.
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Figure 23: Calculation of risk corridor width (north & south migrations)

 Avoidance rates8.6.3
As discussed in the methodology avoidance rates have the greatest effect on the fi nal collision rate. It was agreed 
to use a conservative and precautionary approach to determining avoidance rates. The accepted value used by 
Scottish Natural Heritage in the absence of empirical data is 95% and this was used for the summer (daytime) 
migration. In recognition of the uncertainties in analysis of the winter data and the potential of increased collision risk 
at night, an avoidance rate of 90% was used for the southward (night time) migration.

 Band model results8.6.4
The following is an explanation of the modelling process using Scenario 1 and the summer 2008 SIPO data.
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Table 34 Explanation of the Band Model process using summer results for SIPO

Explanation Model Headings Results
Step 1: Calculates a 2-dimensional risk corridor area for the wind farm. It is based on 

the approach width of the wind farm (calculated to be 3,794m in summer) multiplied by the 
diameter of the turbine blades (90m for a V90 turbine)

Collision risk height (m) 90
Risk corridor Width (m) 3,794
Risk corridor Area 341,460

Step 2: Takes the number of each species fl ying within RSA calculated earlier (Section 
7.5.1). For SIPO 4,577 in summer. Annual No fl ying through risk 

window 5,165

Step 3: Calculates rotor swept area as a proportion of the risk corridor that was calculated at 
Step 1. It assumes all turbines are spaced uniformly across the risk corridor.

Total rotor swept area is the rotor swept area for each turbine times the number of turbines. 
In this case the result is ± 50% of the risk corridor.

Note that this number can exceed 100% if the risk corridor is so narrow that turbines overlap. 
For example; if the risk corridor width was 1,500m the proportion of risk corridor occupied by 
rotors would be 127%

No turbines 27

Rotor diameter (m) 90

Rotor swept area per turbine 6,362

Total Rotor Swept Area 171,767

Proportion risk corridor occupied 
by rotors 50%

Step 4: calculates the number of bird passes through the RSA based on Step 2 and 3, i.e. 
4,344 birds x 50%.

It assumes a uniform distribution of bird movements through the risk corridor.
Annual no bird rotor passes 2,598

Step 5: calculates the probability of a bird passing through a turbine RSA being struck by the 
blade. This is calculated using known values of speed and size of the bird, and the speed and 
geometrics of the turbine blade. For Scenario 1, SIPO this number equates to 7.3%. That is; if 
a SIPO fl ies through the moving blades of a Vesta V90 it has a 7.3% chance of being struck, or 
alternatively a 92% chance of passing through untouched.

Band individual collision risk 7.3%

Step 6: Uses the turbine downtime, for these turbines where wind speed drops below 3 
m/s and collision risk reduces to zero or near zero. It is determined by several years of wind 
monitoring at the site. For Taharoa it equals 20% annually. Turbine downtime % 17%

Step 7: Combines results for annual bird rotor passes (Step 4), individual collision risk (Step 
5), and turbine downtime (Step 6) to calculate the number of collisions that would occur if there 
was no avoidance behaviour. Non-avoidance collisions 159

Step 8: Involves agreement on one or more avoidance rates that will be modelled.
Avoidance rate 95%

Step 9: This fi nial step determines the number of predicted collisions by multiplying non-
avoidance collisions (Step 7) by 1 minus the avoidance rate (Step 8)

Predicted collisions 8

The following tables present the annual results for the fi ve species modelled.
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Table 35 Band model results for the four scenarios tested

Scenario 1 (observed)

Sample Population Predicted Collisions

Species Summer Winter Summer Winter Total
% West Coast 

Migrants
% National 

Population
SIPO 5,165 6,948 7.95 20.42 28 0.04% 0.02%
Godwit 1,107 1,489 1.51 3.88 5 0.04% 0.01%
Wrybill 332 447 0.43 1.10 2 0.03% 0.03%a
Banded dotterel 443 596 0.57 1.46 2 0.03% 0.01%
Pied stilt 1,107 1,489 1.56 4.01 6 0.11% 0.04%

Scenario 2 

Sample Population Predicted Collisions

Species Summer Winter Summer Winter Total
% West Coast 

Migrants
% National 

Population
SIPO 9,100 7,644 14.01 22.46 36 0.05% 0.03%
Godwit 1,950 1,638 2.66 4.27 7 0.05% 0.01%
Wrybill 585 491 0.75 1.21 2 0.04% 0.04%
Banded dotterel 780 655 1.00 1.61 3 0.04% 0.01%
Pied stilt 1,950 1,638 2.75 4.41 7 0.05% 0.02%

Scenario 3 

Sample Population Predicted Collisions

Species Summer Winter Summer Winter Total
% West Coast 

Migrants
% National 

Population
SIPO 70,000 70,000 107.76 205.70 313 0.45% 0.26%
Godwit 15,000 15,000 20.47 39.08 60 0.40% 0.06%
Wrybill 4,500 4,500 5.79 11.06 17 0.37% 0.34%
Banded dotterel 6,000 6,000 7.73 14.75 22 0.37% 0.10%
Pied stilt 15,000 15,000 21.15 40.37 62 0.41% 0.21%

 ESTIMATING VARIANCE BY MONTE CARLO SIMULATION8.7

In order to generate an estimate of variance for the Observed Case, Dr Steve Percival was engaged by DOC. 
His full methodology and results are detailed in Appendix 3. In his Scenario MC2, he took the observed data and 
generated likely variance around the biological data by assuming a normal distribution. He then ran the data for 5000 
simulations.

This produced for SIPO a mean annual mortality of 26 bounded by 95% confi dence intervals from 4 to 60 with a range 
of 0 – 104. For wrybill, the mean of 1.4 has 95% confi dence limits of 0.2 to 3.4 and a range of 0.0 to 5.7. Because 
of the greater uncertainty around using SIPO data as a proxy for wrybill data we assessed the risk to wrybill as lying 
between the upper 95% confi dence interval of MC2 and the mean value of MC4, i.e., 5.0.

Dr Percival was instructed by the DOC members of the Advisory Group to model three other alternatives as detailed 
in Appendix 3. These scenarios were an attempt to compensate for uncertainty around inter-annual variation, 
especially in relation to the high concentration of fl ight paths immediately adjacent to the southern boundary. They 
also attempted to account for the use of SIPO data as a proxy in the absence of data for wrybill.
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 POPULATION MODELLING8.8

 Methods8.8.1
Mortality rates for different age classes of wrybills (1st year and adult) and pied oystercatchers (1st year, 2nd year, and 
adult) were calculated for the three scenarios for which collision risk has been assessed:

the Baseline scenario gives background mortality in the absence of the wind farm, •

the Intermediate scenario calculated mortality using the proportion of pied oystercatchers (POC) estimated to  •
have passed over the footprint at rotor-swept height, and

the Worst-case scenario calculated mortality assuming that the entire migrating population passed over the wind  •
farm footprint at rotor-swept height.

These different mortality rates were used with a standard (i.e. unvarying) set of other demographic data (productivity 
and sub-adult survival) to determine values of r (the innate capacity of a population to increase or decrease) using 
three different models.

PopTools
PopTools 3.0.6 is a widely-used add-in to Microsoft Excel designed to aid analysis of matrix population models 
(CSIRO 2008).

Vortex
Vortex 9.72 is another widely-used model; it is an individual-based simulation model for PVA, which calculates 
deterministic and stochastic values of r, allowing for inclusion of demographic and environmental stochasticity, 
harvest, supplementation, and catastrophes (Lacy et al. 2003). However, no actual data are available on variability of 
demographic rates for wrybills (and there are few for pied oystercatchers); guesses at these were used in preliminary 
stochastic simulations, but the results were clearly unrealistic, and Vortex was subsequently used only to calculate 
deterministic values of r.

Lotka equation
The equation derived by Lotka can be used to calculate r. It takes the form:

Σ lxmxe
-rx = 1

where lx is age-specifi c survival (the proportion of the population surviving to age x), and mx is age-specifi c fertility 
(number of female offspring per adult female) (Krebs 1994).

Values of r were converted to fi nite rates λ (λ = er) and these were used to graph projected rates of population decline 
over a 50-year period. Percentage declines in population size over 50 years were also calculated to allow simple 
comparisons of the impacts the different scenarios might have on the two species.

 Results8.8.2

Wrybills
Demographic data used, assumptions, and mortality rates calculated under the three scenarios are shown in  Figure 
24. 
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WRYBILL SCENARIOS & INPUT DATA

All assume 20% turbine downtime, 95% avoidance northwards, 90% avoidance southwards
All based on vector-calculated risk corridor widths (3545 m summer, 4888 m winter)

Summary
prod (per 

pair) age 1st br max age  1st yr surv/mort adult surv/mort

extra birds 
killed by 

WF

Baseline 0.79 2 25 0.500/0.500 0.832/0.168 0
Intermediate 0.79 2 25 0.4996/0.5004 0.8316/0.1684 2
Worst case 0.79 2 25 0.497/0.503 0.829/0.171 15

Total population 5000, of which 500 are 1st years, 4500 are adults
4500 birds (90% of population) migrate along west coast

Baseline No WF, background mortality

Start no
1st years 500 of which 0.500 die annually = 250
Adults 4500 of which 0.168 die annually = 756

Intermediate Actual numbers  over footprint  within RSA, based on POC observations
Band says WF kills 2 birds/yr; assume 0.2 are 1st years, 1.8 are adults

Start no
1st years 500 of which 0.5004 die annually = 250.2
Adults 4500 of which 0.1684 die annually = 757.8

Worst-case Whole migrating population of 4500 passes over WF footprint within RSA
Band says WF kills 15 birds/yr; assume 1.5 are 1st years, 13.5 are adults

Start no
1st years 500 of which 0.503 die annually = 251.5
Adults 4500 of which 0.171 die annually = 769.5

1006

1021

1008

Ann deaths

Ann deaths

Ann deaths

 Figure 24: Demographic data & mortality estimates for wrybills

These mortality rates were used in the three models to project population trends (Figure 25). In all cases, blue, green 
and red lines indicate the Baseline, Intermediate, and Worst-case scenarios respectively.
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Projections for WRYBILL
PopTools Lotka Vortex

baseline
r -0.00445 -0.00511 -0.005
l 0.995557 0.994903 0.995012

intermediate
r -0.00491 -0.00565 -0.006
l 0.995099 0.994366 0.994018

worst case
r -0.00791 -0.00908 -0.009
l 0.992121 0.990961 0.99104

baseline intermed worst-case baseline intermed worst-case baseline intermed worst-case
0.995557 0.995099 0.992121 0.994903 0.994366 0.9910 0.9950 0.9940 0.9910

0 5000 5000 5000 0 5000 5000 5000 0 5000 5000 5000
10 4782 4760 4620 10 4751 4725 4566 10 4756 4709 4570
20 4574 4532 4268 20 4514 4466 4170 20 4524 4435 4176
30 4375 4315 3944 30 4289 4220 3808 30 4304 4176 3817
40 4184 4108 3644 40 4076 3989 3477 40 4094 3933 3488
50 4002 3911 3367 50 3873 3769 3175 50 3894 3704 3188

% 
decline  
in 50 yrs 19.96 21.78 32.67 22.55 24.61 36.49 22.12 25.92 36.24

~~~  PopTools  ~~~ ~~~  Vortex  ~~~~~~  Lotka  ~~~
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 Figure 25: Predicted population trends for wrybills

Pied oystercatchers
Demographic data used, assumptions, and mortality rates calculated under the three scenarios are shown in Figure 
26. Projected population trends are shown in Figure 27.
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PIED OYSTERCATCHER SCENARIOS & INPUT DATA

All assume 20% turbine downtime, 95% avoidance northwards, 90% avoidance southwards
All based on vector-calculated risk corridor widths (3545 m summer, 4888 m winter)

Summary
prod (per 

pair) age 1st br max age  1st yr surv/mort  2nd yr surv/mort adult surv/mort

extra 
birds 

killed by 
WF

Baseline 0.64 4 30 0.550/0.450 0.800/0.200 0.892/0.108 0
Intermediate 0.64 4 30 0.5499/0.4501 0.800/0.200 0.8918/0.1082 29
Worst case 0.64 4 30 0.549/0.451 0.800/0.200 0.8895/0.1105 271

Total population 120 000, of which about 40 000 remain in SI, 80 000 migrate to NI
Of NI popn, about 10 000 are sub-adults & remain in NI harbours; do not migrate
Remaining 70 000 birds migrate along west coast

Baseline

Start no Ann deaths
1st years 10000 4500
2nd years 5000 1000
Adults 105000 11340

Intermediate Actual proportion passing over WF footprint within RSA, based on POC data
Band says WF kills 29 birds/yr (13 summer, 16 winter)

Start no Ann deaths
1st years 10000 of which 0.4501 die annually = 4501.1
2nd years 5000 of which 0.200 die annually = 1000
Adults 105000 of which 0.1082 die annually = 11367.9

Worst-case Whole migrating population of 70 000 passes over WF footprint within RSA
Band says WF kills 271 birds/yr (111 summer, 160 winter)

Start no Ann deaths
1st years 10000 of which 0.451 die annually = 4509.7
2nd years 5000 of which 0.200 die annually = 1000
Adults 105000 of which 0.1105 die annually = 11601.3

Note adjustments for fact that 1st year birds only migrate N

Intermediate Proportion of Raw number Adj number
popn at risk killed killed

1st years 0.087 2.5 1.1
2nd years 0.000 0 0
Adults 0.913 26.5 27.9

Worst-case Proportion of Raw number Adj number
popn at risk killed killed

1st years 0.087 23.6 9.7
2nd years 0.000 0 0
Adults 0.913 247.4 261.3

No WF, background mortality

of which 0.450 die annually =
of which 0.200 die annually =
of which 0.108 die annually =

Figure 26: Demographic data & mortality estimates for SIPO
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Projections for PIED OYSTERCATCHER
PopTools Lotka Vortex

baseline
r -0.00085 -0.00093 -0.001
l 0.999154 0.999070 0.999000

intermedaite
r -0.00103 -0.00113 -0.001
l 0.998971 0.998876 0.999000

worst case
r -0.0031 -0.00339 -0.003
l 0.996903 0.996616 0.997004

baseline intermed worst-case baseline intermed worst-case baseline intermed worst-case
0.9992 0.9990 0.9969 0.99907 0.998876 0.996616 0.9990 0.9990 0.9970

0 120000 120000 120000 0 80000 80000 80000 0 120000 120000 120000
10 118989 118771 116334 10 79259 79105 77333 10 118806 118806 116453
20 117987 117555 112781 20 78526 78220 74756 20 117624 117624 113012
30 116993 116351 109336 30 77799 77345 72264 30 116453 116453 109672
40 116007 115159 105996 40 77079 76480 69855 40 115295 115295 106430
50 115030 113980 102758 50 76365 75624 67527 50 114148 114148 103285

% 
decline  
in 50 yrs 4.14 5.02 14.37 4.54 5.47 15.59 4.88 4.88 13.93

~~~  PopTools  ~~~ ~~~  Vortex  ~~~~~~  Lotka  ~~~
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Figure 27: Predicted population trends for SIPO
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Model
Baseline Intermediate Worst-case

PopTools 19.96 21.78 32.67
Lotka 22.55 24.61 36.49
Vortex 22.12 25.92 36.24

mean 21.5 24.1 35.1

Model
Baseline Intermediate Worst-case

PopTools 4.14 5.02 14.37
Lotka 4.54 5.47 15.59
Vortex 4.88 4.88 13.93

mean 4.5 5.1 14.6

Wrybill scenarios

Pied oystercatcher scenarios

Table 36 Summary of projected percentage population declines over a 50-year period under three scenarios using the three 
models

 Discussion8.8.3
The three models used provided consistent deterministic values of r (Table 36). They appear to produce relatively 
realistic Baseline projections, consistent with count data suggesting that both wrybills and pied oystercatchers are 
declining slowly, although the decline rate for wrybills may be somewhat high. However, whether Baseline decline 
rates are accurate projections is not the primary consideration. What is important are the differences in decline 
rates between Baseline and the other scenarios, as these demonstrate the potential impact of predicted additional 
mortality caused by the wind farm.

For wrybills, the Worst-case Band model scenario predicts relatively few individuals killed (15 per year), but over 
a 50–year period the projected population decline would increase from about 21% to about 35%. This appears to 
confi rm the premise that these long-lived, low-productivity birds are particularly susceptible to small increases in adult 
mortality.

 Caveats8.8.4
Very few fi eld data were obtained for wrybills, and Band model calculations have of necessity been based on POC 
data, with respect to proportion of fl ocks passing over the site footprint and proportion of fl ocks at rotor-swept height. 
This increases the degree of uncertainty in the risk assessment for wrybills considerably.

It should be noted that Vortex does not provide very precise deterministic values when r is close to 0; differences 
between Baseline and Intermediate scenarios may not be very accurate as a result of this imprecision, and 
comparisons between these scenarios based on PopTools and Lotka are preferred.

 Conclusions8.8.5
The overall conclusion of these analyses is that the Worst-case scenarios produce substantial increases in decline 
rates for both species over a 50–year period, but the Intermediate scenarios produce only marginal increases in 
decline rates.

Other scenarios

Given the uncertainties in the collision risk assessments (particularly for wrybills, which are threatened), projections 
for a range of mortality values between Intermediate and Worst-case where calculated for wrybills and pied 
oystercatchers.  These projections are shown in Figure 28 (wrybills) and Figure 29 (oystercatchers). Values of r for 
these projections were calculated using the Lotka equation.
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WRYBILL

Scenario

No of 
birds 
killed 
per yr 
by WF r l 0 10 20 30 40 50

50-year 
decline 
(%)

Increase 
in 50-year 
decline 
over 
Baseline 
(%)

Baseline 0 -0.005112 0.994901 5000 4750.8 4514.1 4289.1 4075.4 3872.3 22.6 0
Intermediate 2 -0.005640 0.994376 5000 4725.8 4466.6 4221.7 3990.2 3771.4 24.6 2.0

4 -0.006168 0.993851 5000 4700.9 4419.7 4155.4 3906.8 3673.1 26.5 4.0
6 -0.006697 0.993325 5000 4676.1 4373.2 4089.9 3825 3577.2 28.5 5.9
8 -0.007226 0.992800 5000 4651.4 4327.2 4025.5 3744.9 3483.8 30.3 7.8

10 -0.007755 0.992275 5000 4626.9 4281.6 3962.2 3666.5 3392.9 32.1 9.6
12 -0.008284 0.991750 5000 4602.5 4236.6 3899.8 3589.7 3304.3 33.9 11.4

Worst-case 15 -0.009079 0.990962 5000 4566 4169.8 3807.9 3477.4 3175.6 36.5 13.9

Number of WF deaths
Years 0 2 4 6 8 10 12 15

0 5000 5000 5000 5000 5000 5000 5000 5000
10 4751 4726 4700.9 4676.1 4651.4 4626.9 4602.5 4566
20 4514 4467 4419.7 4373.2 4327.2 4281.6 4236.6 4169.8
30 4289 4222 4155.4 4089.9 4025.5 3962.2 3899.8 3807.9
40 4075 3990 3906.8 3825 3744.9 3666.5 3589.7 3477.4
50 3872 3771 3673.1 3577.2 3483.8 3392.9 3304.3 3175.6

What are 50-year decline rates for deaths between 
Intermediate  (2 birds) and Worst-case  (15 birds)
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Figure 28: Predicted population trends for wrybills at mortality rates between Intermediate and Worst-Case 
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PIED OYSTERCATCHER

Scenario

No of 
birds 
killed 
per yr 
by WF r l 0 10 20 30 40 50

50 year 
decline 
(%)

Increase 
in 50-year 
decline 
over 
Baseline 
(%)

Baseline 0 -0.00093 0.99907 120000 118889 117789 116698 115618 114548 4.5 0
Intermediate 29 -0.00113 0.99888 120000 118658 117330 116018 114720 113436 5.5 0.9

50 -0.00138 0.99862 120000 118355 116733 115133 113556 111999 6.7 2.1
100 -0.00183 0.99817 120000 117824 115687 113590 111530 109507 8.7 4.2
150 -0.00228 0.99772 120000 117295 114651 112066 109540 107071 10.8 6.2
200 -0.00274 0.99726 120000 116757 113601 110531 107543 104636 12.8 8.3

Worst-case 271 -0.00339 0.99662 120000 116000 112134 108396 104783 101290 15.6 11.0

Years 0 29 50 100 150 200 271
0 120000 120000 120000 120000 120000 120000 120000

10 118889 118658 118355 117824 117295 116757 116000
20 117789 117330 116733 115687 114651 113601 112134
30 116698 116018 115133 113590 112066 110531 108396
40 115618 114720 113556 111530 109540 107543 104783
50 114548 113436 111999 109507 107071 104636 101290

Number of WF deaths

What are 50-year decline rates for deaths between Intermediate  (29 
birds) and Worst-case  (271 birds)
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Figure 29: Predicted population trends for SIPO  at mortality rates between Intermediate and Worst-Case 
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CONCLUSION – MIGRATIONS9. 

Three basic Band scenarios were modelled along with four Monte Carlo simulations to assess risk to migrant 
waders.

Scenario 1 and MC2 were based on the data collected and so probably produced the most realistic results, at least 
for SIPO. They predicted that death rates are likely to be low, ranging from 1 to 5 each year for wrybill and 24 to 60 for 
SIPO based on a combination of the basic Band models and Monte Carlo simulations. Population modelling indicated 
that this level of mortality is unlikely to substantially increase decline rates for these species.

Scenario 2, which assumed the entire west coast population of migrants passed over the wind farm footprint each 
year, also predicted that the expected rates of mortality would be low and would also not substantially increase 
decline rates for these species.

The worst case scenario did produce signifi cant increases in decline rates, from 21% to 35% over a 50 year period 
for all species modelled. This scenario, however, will almost certainly never occur because it requires all migrants to 
pass through the wind farm at RSA on both the northern and southern migrations.

The modelling focused primarily on SIPO and wrybill because a high proportion of their national populations migrate 
over or near Taharoa each year. There are no data for wrybill because this species proved to be very diffi cult to 
detect. The assumption that the proportion of wrybill fl ying through the RSA each year is the same as for SIPO may 
be wrong, but the upper average mortality rate of 5 expected deaths each year was chosen to refl ect this uncertainty. 
In this species mortality is likely to be episodic and may exceed fi ve in some years. The data gives no indication of 
how fl ight paths will vary from one year to the next as most data were collected over a single year. This defi ciency 
was the main reason we modelled scenario 2 - to get some indication of what might happen in years when most 
migrants fl y over or near the site.

In summary the predicted effects are likely to be minor, however, this wind farm will have effects on the migrant 
species crossing the site and these effects will need to be monitored and mitigated.

Seasonal Variation
The group acknowledges that the analysis is based on data collected over a single year only and as such does 
not account for inter-annual variation of fl ight patterns. As such, the collision rates presented in this report may be 
different in another year and are certainly likely to show variation over the life of the wind farm. Our inability to account 
for this variation in this temporally limited data set means that our results contain a level of uncertainty over the long 
term. The Monte Carlo simulations have been undertaken to improve the estimates generated by the modelling.

Data Limitations
This study has been limited to observing migration within a zone extending 6 NM (11 km) from the centre of the 
Taharoa wind farm site (Figure 1). It could not detect activity inland or offshore of this zone and so there remains 
an un-quantifi ed proportion of each of the north and south migrations that may occur offshore or inland of the study 
area.

Limitations on the Band model
A computer model is a predictive tool and its limitations need to be recognised. Key amongst them is that model 
outputs are estimates and do not explicitly refl ect reality. They also refl ect the quality of data that are used and we 
have highlighted the limitations of the data forming this analysis. The “Band” model was chosen for this project 
because it is widely used in the UK and therefore some degree of confi dence can be placed in its use. However, it 
has not been used in New Zealand before and there is a possibility that native birds will react differently than is the 
case in the UK. We have attempted to allow for this possibility by using lower than normal avoidance rates for winter. 
The limitations of using the Band model without considering variation in the data or its ability to generate a mean 
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estimate as well as a range of possible outcomes has been discussed above. This is possibly ones of the models 
biggest limitations. We have attempted to improve the robustness and inference gained by incorporating Monte Carlo 
simulation into the analysis.

Bias
At the commencement of the analysis it was agreed that a conservative and precautionary approach would be 
taken where lack of data required estimations. It is unlikely therefore that the predicted mortality rates have been 
underestimated. Wether this is true or not requires verifi cation through collision monitoring.
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CONCLUDING COMMENTS10. 

In the past two years, considerable effort and expense has gone into monitoring bird movements over and around the 
Taharoa site, and a great deal of information has been gathered. Radar was used for the fi rst time in New Zealand 
to monitor bird movements, and the study described here is the most detailed assessment of bird interactions with a 
proposed wind farm site in this country to date.

However, there are still substantial gaps in our knowledge of the ways in which birds interact with the Taharoa site, 
and consequently in our ability to assess the risks to some species. Good information now exists on many of the 
resident bird species on the site, and for pied oystercatchers, which migrate through the area twice a year in large 
numbers. There is much less information on smaller migratory shorebirds (which were not detected by radar), on 
resident New Zealand dotterels, and on waterbirds using the Taharoa Lakes. Many of the gaps in our knowledge 
result from the limitations of both human observers and radar, and in particular from our inability to monitor the 
movements of most species at night, the time when collision risk is assumed to be highest.

Because of these and other limitations, we have had to make a number of assumptions and apply corrections to the 
observed data, particularly with respect to migrating shorebirds. As we have data from only one northward and one 
southward migration (with no estimates of inter-annual variation), we have attempted to minimize the potential bias 
in our results from this source by adding Monte Carlo simulations to our collision-risk modelling. In addition, we have 
had to assume that other species behave in the same way as pied oystercatchers, an assumption that may not be 
valid.

As a result of our experience at Taharoa, the following suggestions and observations may assist future programmes 
designed to monitor avi-fauna at potential wind farm sites in New Zealand.

Careful consideration needs to be given to radar positioning and the effect of terrain on site coverage.  At Taharoa  •
only 39% of fl ocks were detected by radar, due to terrain limitations and sea conditions, despite siting the radar 
in a position that appeared to be favourable.

Careful consideration also needs to be given to radar settings because there is a signifi cant trade-off between  •
longer range (which allows for greater site coverage) and higher sensitivity (which allows for the detection of 
smaller species of birds).

The use of vertical radar would have allowed an objective assessment of bird altitude over at least part of the site  •
and lessened reliance on observer estimates.

During summer, more fl ocks were observed by fi eld teams than by radar whereas the converse was true in winter.   •
Observers were also required to identify species and count the number of birds in fl ocks.  This highlights the 
importance of using both radar and trained observers.

Where migration routes are involved, due consideration needs to be given to inter-annual variation in both  •
numbers and fl ight paths, and the timing and duration of sampling for different species.

In addition to radar, other technology (e.g. transmitters or thermal imaging) may be useful in detecting bird  •
movements at night, and/or in areas not covered by observers or radar, and possibly for smaller species.
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 SAPPENDIX 3: pecies list

This following species list has been compiled from four sources. OSNZ beach wreck surveys identify a range of dead 
or injured oceanic species found during beach searches (Clifford 2008). Clifford also produced a report summarising 15 
years of observation of Taharoa Beach (Clifford 2007). The OSNZ Bird Atlas includes all birds seen within a 40 km2 area 
surrounding the site (Robertson et al 2007). The Taharoa list includes all species seen during this study by all methods. The 
species have been sorted fi rstly by general habitat preferences and then by threat status (Miskelly et al 2009).
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1 - Oceanic Mollymawk, Grey-headed NationallyCritical y

1 - Oceanic Shearwater, Flesh footed At Risk Declining y
1 - Oceanic Shearwater, Sooty At Risk Declining y y

1 - Oceanic Mollymawk, White-capped At Risk Declining y

1 - Oceanic Petrel, Giant Naturally Uncommon y

1 - Oceanic Petrel, Mottled Relict y

1 - Oceanic Petrel, White-headed Not Threatened y

1 - Oceanic Shearwater, Buller’s Naturally Uncommon y

1 - Oceanic Petrel, Blue Migrant y

1 - Oceanic Shearwater, Short-tailed Migrant y

1 - Oceanic Skua, Arctic Migrant y

1 - Oceanic Petrel, Grey-faced Not Threatened y
1 - Oceanic Petrel, White-faced Storm Relict y

1 - Oceanic Prion, Broad-billed Relict y

1 - Oceanic Prion, Fairy Not Threatened y

1 - Oceanic Shearwater, Fluttering Relict y

1 - Oceanic Cape Pigeon Migrant y

1 - Oceanic Frigate Bird, Lesser Vagrant A y
2 - Migrant Wrybill Nationally Vulnerable y y y
2 - Migrant Dotterel, Banded Nationally Vulnerable y y y
2 - Migrant Dotterel, Mongolian Vahrant A y y

2 - Migrant Bar-tailed Godwit Migrant y y y
2 - Migrant Knot, Lesser (Red) Migrant y y y
2 - Migrant Sandpiper, Pectoral Vagrant A y

2 - Migrant Stint, Red-necked Migrant y

2 - Migrant Turnstone Migrant y y
2 - Migrant Whimbrel, American Vagrant A y

2 - Migrant Whimbrel, Asiatic Migrant y y

2 - Migrant New Zealand Oystercatcher (SIPO) At Risk Declining y y y
3 - Coastal Stilt, Black Nationally Critical y

3 - Coastal Tern, Black fronted Nationally Endangered y

3 - Coastal Dotterel, New Zealand Nationally Vulnerable y y y
3 - Coastal Heron, Reef Nationally Vulnerable y y
3 - Coastal Tern, Caspian Nationally Vulnerable y y
3 - Coastal Gull, Black-billed Nationally Endangered y
3 - Coastal Blue Penguin At Risk Declining y

3 - Coastal Gull, Red billed Nationally Vulnerable y y
3 - Coastal Tern, White fronted At Risk Declining y y y
3 - Coastal Tern, Eastern Little Migrant y
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3 - Coastal Gannet, Australasian Not Threatened y y y
3 - Coastal Gull, Black backed Not Threatened y y y
3 - Coastal Oystercatcher, Variable Recovering y y y y
3 - Coastal New Zealand Pipit At Risk Declining y y
3 - Coastal Stilt, Black (Hybrid) N/A y y
3 - Coastal Stilt, Pied At Risk Declining y y y
4 - Wetland Heron, White Nationally Critical y

4 - Wetland Australasian bittern, Nationally Endangered y y
4 - Wetland Duck, Grey Nationally Critical y y y
4 - Wetland Crake, Marsh Relict y

4 - Wetland Crake, Spotless Relict y y
4 - Wetland Dabchick, NZ Nationally Vulnerable y y
4 - Wetland North Island Fernbird At Risk Declining y y
4 - Wetland Rail, Banded Naturally Uncommon y

4 - Wetland Shag, Black Naturally Uncommon y y
4 - Wetland Shag, Little Black Naturally Uncommon y y
4 - Wetland Coot, Australian Coloniser y

4 - Wetland Heron, White faced Not Threatened y y
4 - Wetland Sacred Kingfi sher Not Threatened y y
4 - Wetland Pukeko Not Threatened y y
4 - Wetland Scaup, New Zealand Not Threatened y y
4 - Wetland Shag, Little Naturally Uncommon y y
4 - Wetland Shag, Pied Nationally Vulnerable y y
4 - Wetland Shelduck, Paradise Not Threatened y y y
4 - Wetland Shoveler, New Zealand Not Threatened y y
4 - Wetland Spoonbill, Royal Naturally Uncommon y

4 - Wetland Teal, Grey Not Threatened y

4 - Wetland Duck, Muscovy N/A y

4 - Wetland Goose, Canada Introduced and Naturalised y y
4 - Wetland Goose, Domestic/Feral Introduced and Naturalised y y
4 - Wetland Mallard Introduced and Naturalised y y
4 - Wetland Mallard/Grey hybrid N/A y
4 - Wetland Swan, Black Not Threatened y y y
5 - Open country / Dune Swallow, Welcome Not Threatened y y
5 - Open country / Dune Harrier, Australasian Not Threatened y y
5 - Open country / Dune Plover, Spur-winged Not Threatened y y y
5 - Open country / Dune Blackbird Introduced and Naturalised y y
5 - Open country / Dune Chaffi nch Introduced and Naturalised y y
5 - Open country / Dune Cirl Bunting Introduced and Naturalised y
5 - Open country / Dune Goldfi nch Introduced and Naturalised y y
5 - Open country / Dune Greenfi nch Introduced and Naturalised y y y
5 - Open country / Dune Magpie, Australian Introduced and Naturalised y y
5 - Open country / Dune Myna Introduced and Naturalised y y
5 - Open country / Dune Pheasant, Ring necked Introduced and Naturalised y y
5 - Open country / Dune Pigeon, Rock Introduced and Naturalised y

5 - Open country / Dune Quail, California Introduced and Naturalised y

5 - Open country / Dune Redpoll Introduced and Naturalised y y
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5 - Open country / Dune Skylark Introduced and Naturalised y y
5 - Open country / Dune Dunnock Introduced and Naturalised y y
5 - Open country / Dune Sparrow, House Introduced and Naturalised y

5 - Open country / Dune Starling Introduced and Naturalised y y
5 - Open country / Dune Thrush, Song Introduced and Naturalised y y
5 - Open country / Dune Turkey, Feral Introduced and Naturalised y

5 - Open country / Dune Yellowhammer Introduced and Naturalised y y
5 - Open country / Dune Zebra Finch N/A y
6 - bush & scrub New Zealand Falcon, Bush Nationally Vulnerable y
6 - bush & scrub Pigeon, New Zealand Not Threatened y y
6 - bush & scrub Bellbird Not Threatened y

6 - bush & scrub Cuckoo, Shining Not Threatened y y
6 - bush & scrub North Island Fantail Not Threatened y y
6 - bush & scrub Morepork Not Threatened y y
6 - bush & scrub Silvereye Not Threatened y y
6 - bush & scrub Pied Tomtit Not Threatened y
6 - bush & scrub Tui Not Threatened y y
6 - bush & scrub Warbler, Grey Not Threatened y y
6 - bush & scrub Rosella, Eastern Introduced and Naturalised y y

TOTAL SPECIES COUNT 
BY METHOD

Combined = 105 23 13 80 69
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Estimate of the number of SIPO fl ocks not detected APPENDIX 4: 

EMAIL FROM IAN WESTBROOKE (DOC STATISTICIAN) 
6/1/2008

 At our meeting in August, I undertook to look further at the question of estimating the number of SIPO fl ocks missed by both 
radar and observers.

Taking the overall fl ock counts from the “Report on January Migrations 2008” dated August 2008, as

Count of 
fl ocks

Trailed seen 596
not seen 209

Total trailed 805
Not trailed seen 821
Total seen 1,417

Based on this, if we assumed independence of the radar (“Trailed”) and the observers (“seen”), a Lincoln-Petersen-type 
estimator gives an estimated total count of 1,913.9 (standard deviation 30.4), an increase of 17.7% on the 1,626 total count. 
However information was interchanged between the observers and the radar operators. The main impact is likely to have 
been that observers saw more fl ocks than they would have seen without the radar information. Therefore, I have calculated 
alternative estimates on the basis that a proportion of the radar trailed fl ocks were only seen because observers received 
information from the radar operator.

If we assume that 10% (0.1 as a proportion) of Trailed fl ocks were moved from unseen to seen by observers due to feedback 
from the radar operator, then the estimate increases to 2087.1 (28.4% more than the total counted). And for 20% moved from 
unseen to seen, the estimate goes to 2,324.3 (42.9% more than the total counted).

I am attaching the spreadsheet including the calculations.

Note that these calculations treat the counts as one homogeneous group. I have made no attempt to allow for possible 
different characteristics in different sections of the data. It is likely there are different probabilities for detection for fl ocks in 
different situations, some of which may be identifi able from the data available. Such heterogeneity would undermine the 
quality of the estimates made here.

Note also that I have made no allowance for the time period before and after the radar and observers were in place, nor for 
any times of day when neither were operating.
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Monte Carlo Report – contributed by Dr. Steve PercivalAPPENDIX 5: 

NOTE ON MONTE CARLO COLLISION RISK MODELLING FOR THE TAHAROA C WIND FARM
January 2009

This note provides some background information on the initial Monte Carlo [MC] modelling that has been undertaken to 
inform the collision risk analysis for the proposed Taharoa C wind farm. The main purpose of undertaking this work has been 
to provide further information on the possible consequences of the uncertainty in the bird input data for the collision risk 
modelling, primarily as a result of the fact that baseline data have only been collected from a single year (so there is no fi eld 
measure of between-year variation). This is a particularly important issue as large numbers of birds were recorded passing 
in close proximity to the southern part of the proposed wind farm site during 2008 on both the northwards and southwards 
migration. A slight shift in their fl ight route in further years could bring substantially higher numbers through the collision 
risk zone. Also, whilst the fi eld data have provided a substantial amount of information for South Island Pied Oystercatcher 
[SIPO], data collected on other scarcer species were much more scant. The expert group agreed to carry out collision 
modelling using the SIPO as a surrogate for these other species, but there remains a high degree of uncertainty as to their 
actual behaviour whilst migrating through this area. The MC modelling enables this uncertainty to be explicitly considered, 
and I have run it for a range of scenarios to provide information to assist in the assessment process (as detailed in section (2) 
below). Given the lack of data from more than one year and the paucity of data on scarce species such as Wrybill, I would, 
in my professional opinion, consider it essential that consideration is given to these alternative scenarios with regard to what 
might happen if some of the key assumptions of the ‘observed data analysis’ are violated. Without data from more than one 
year and without specifi c information on the key scarcer species, it is my opinion that such a possibility cannot be precluded 
given the currently available information.

As for the standard collision modelling the analysis has been undertaken in two stages (a) calculating the collision risk for a 
single bird fl ying through one of the turbine rotors – the Band individual collision risk, and (b) using this and data on the wind 
farm design and bird numbers fl ying through the collision risk zone to predict the numbers of collisions that might occur.

1. Initial Band Model
This uses the standard Scottish Natural Heritage spreadsheet to calculate the individual probability of collision for a single 
bird fl ying through one of the turbine rotors (the Band individual collision risk). Input data for this model include turbine 
specifi cations (rotor size, rotational speed), bird size (length and wingspan) and bird fl ight speed.

The model was adapted to run as a Monte Carlo simulation by defi ning bird size and fl ight speeds as normally distributed 
variables, and the wind turbine blade pitch and rotation period as uniform distributions. The examples given here are for SIPO 
and Wrybill. The bird data are all based on assuming normally distributed data and on observed mean values and estimated 
standard deviations. The turbine data are all taken from manufacturer specifi cations and assume uniform distributions. The 
principle used throughout is to select the simplest distribution to describe the data where that distribution is unknown.

Table 1a. Monte Carlo input parameters for the estimation of the Band individual collision risk for SIPO.

Parameter Statistical 
distribution

Mean value Standard deviation Min value Max value

Bird fl ight speed Normal 14.4 m/s 1.725 9.8 20.0 
Bird length Normal 0.46 m 0.01 0.42 0.5
Bird wingspan Normal 0.83 m 0.02 0.75 0.91
Turbine blade pitch Uniform 15 º - 10 20
Turbine blade rotation period Uniform 5.35 - 4.00 6.70
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Table 1b. Monte Carlo input parameters for the estimation of the Band individual collision risk for Wrybill.

Parameter Statistical 
distribution

Mean value Standard deviation Min value Max value

Bird fl ight speed Normal 12 m/s 1 8 16 
Bird length Normal 0.2 m 0.003 0.19 0.29
Bird wingspan Normal 0.38 m 0.01 0.35 0.41
Turbine blade pitch Uniform 15 º - 10 20
Turbine blade rotation period Uniform 5.35 - 4.00 6.70

The Monte Carlo simulation was run 5,000 times, selecting individual values from each of these distributions for each run. 
For the SIPO this gave a mean value for the individual collision risk probability of 6.8%, + 0.3% standard deviation, with 
a minimum value of 6.1% and a maximum value of 9.1%.  For Wrybill the equivalent values were a mean collision risk 
probability of 5.7%, + 0.3% standard deviation, with a minimum value of 5.3% and a maximum value of 7.2%. These values 
were then used in the second part of the collision risk calculation described below.

2. Prediction of Numbers of Collisions
The second part of the modelling takes the individual collision risk and scales it up for the bird numbers and numbers of 
turbines to produce a collision risk estimate for the specifi c site and species.  At this stage there are several important 
variables that have only been measured for one season and hence have a considerable degree of uncertainty attached to 
them. The Band individual collision risk was input from the results of the fi rst stage of the Monte Carlo modelling (as a normal 
distribution, truncated to the maximum and minimum values from the MC modelling), and the width of the risk corridor was 
input as a normal distribution based on the observed mean and estimated standard deviation. The main variables with a high 
degree of uncertainty that have greatest effect on the collision risk prediction relate to the number of birds fl ying through the 
collision risk zone. These comprise:

The percentage of birds fl ying at rotor height (recorded as 52% in the 2008 baseline surveys during conditions  •
when it was possible to observe the birds);

The percentage of the total population fl ying through the whole study area (recorded as 57% for the N migration  •
and 91% for the S migration) and;

The percentage of the fl ights that were through the collision risk window (i.e. within 100m of the turbine footprint;  •
recorded as 25% in the N migration and 21% in the S migration).

Lastly turbine downtime has also been considered. This has been estimated at 16.7% during the N migration and 15.8% in 
the S migration.

The principle in dealing with all of these parameters has been to run the Monte Carlo simulation with a range of values as 
detailed in the scenarios below. The MC model runs many times (5,000) choosing from specifi ed data distributions for each 
run. The principle used in defi ning these distributions has been to make them as simple as possible where that distribution is 
unknown (mainly uniform distributions) but to include a range appropriate to each scenario. Details of the input data values 
and distributions are given in the Appendix.

MC1 – uses values for these variables from that observed in 2008 up to a reasonable worst case (see ‘Max Value’  •
column in Appendix 1 tables for details), assuming a uniform distribution between these values (using the same 
principle as above to select the simplest distribution to describe the data).

MC2 - uses mean input values as observed during 2008. •

MC3 - uses the same input data as MC2 but increase the % of fl ights through the risk window to include all inland  •
fl ights. The purpose of this scenario is to specifi cally address the question of what if there was a slight shift in 
movements to the north and hence more birds fl ying through the risk zone.
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MC4 - as MC2 but with the % of fl ights through the risk window run with a uniform distribution between 48% (all  •
‘inland’ birds fl ying through wind farm) and 100% (maximum possible).

The Monte Carlo simulation was run 5,000 times for each scenario. The resulting predictions for the annual numbers of 
collisions are summarised in Table 2 for each scenario. This gives the mean, range and upper and lower 95% values for each 
scenario for the two key species, SIPO and Wrybill.

Table 2. Monte Carlo collision risk predictions for SIPO and Wrybill for scenarios MC1-MC4 above.

Species Scenario Mean Lower 95% Upper 95% Range
SIPO MC1 78 50 113 35-151

MC2 26 4 60 0-104

MC3 66 14 145 3-241

MC4 95 28 175 7-266

Wrybill MC1 4.2 2.7 6.0 1.9-8.5
MC2 1.4 0.2 3.4 0-5.7

MC3 3.6 0.8 8.0 0.1-12.6

MC4 5.0 1.4 9.3 0.4-13.0

The key point in interpreting these results is determining where the threshold level of additional mortality required to give 
a signifi cant impact lies in relation to this predicted distribution. This can be looked at in two ways. For the Scenario MC1 
reasonable worst-case analysis (and also scenarios MC3 and MC4), the key focus is the mean output value. If this value 
falls below the signifi cance threshold then it can be reasonably confi dently concluded that there would not be a signifi cant 
collision risk. For Scenario MC2 based primarily on observed data, the focus should be on the upper 95% value. Again if 
this value falls below the signifi cance threshold then it can be reasonably confi dently concluded that there would not be a 
signifi cant collision risk.

In conclusion this analysis has demonstrated that there is a possibility of up to about 60-80 SIPO collisions per year and up 
to 3-4 wrybill collisions per year. Whilst the MC2 scenario based on the observed data produces a lower mean estimate of 26 
SIPO and 1 wrybill collision per year, the range of output values even from that scenario indicate that a considerably higher 
mortality could occur. It is acknowledged that some of the agreed input data have been agreed as worst case precautionary 
values, particularly avoidance rates, but this does not deal with or compensate for the uncertainty in the bird numbers fl ying 
through the site at risk height in different years or for the fact that all species may not behave in the same way as SIPO. 
It would be my advice therefore that the key values on which to make any decision with regard to the acceptability of the 
potential collision mortality and to determine appropriate levels of mitigation should focus on the mean values generated 
from scenarios MC1, MC2 and MC4 (and the upper 95% from MC2), i.e. a predicted potential annual mortality of about SIPO 
60-80 and about 3-4 wrybill over the lifetime of the wind farm.
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APPENDIX – Monte Carlo modelling input data for each scenario

Table MC.1. Monte Carlo input parameters for the prediction of the annual bird collision rate for scenario MC1.

Parameter Statistical 
distribution

Mean value Standard 
deviation

Min value Max 
value

Width of risk corridor (N migration) Normal 3974 m 125 3500 4500
Width of risk corridor (S migration) Normal 4018 m 125 3500 4500
% of fl ights at rotor height (N migration) Uniform 76% - 52% 100%
% of fl ights at rotor height (S migration) Uniform 76% - 52% 100%
% total population fl ying through whole study area (N 

migration)
Uniform 79% - 57% 100%

% total population fl ying through whole study area (S 
migration)

Uniform 96% - 91% 100%

% fl ights through risk window (N migration) Uniform 38% - 25% 50%
% fl ights through risk window (S migration) Uniform 36% - 21% 50%
% time turbines not rotating (N migration) Uniform 8.4% 0% 16.7%

% time turbines not rotating (S migration) Uniform 7.9% 0% 15.8%

Table MC.2. Monte Carlo input parameters for the prediction of the annual bird collision rate for scenario MC2.

Parameter Statistical 
distribution

Mean value Standard 
deviation

Min value Max 
value

Width of risk corridor (N migration) Normal 3974 m 125 3500 4500
Width of risk corridor (S migration) Normal 4018 m 125 3500 4500
% of fl ights at rotor height (N migration) Uniform 52% - 4% 100%
% of fl ights at rotor height (S migration) Uniform 52% - 4% 100%
% total population fl ying through whole study area (N 

migration)
Uniform 57% - 14% 100%

% total population fl ying through whole study area (S 
migration)

Uniform 91% - 82% 100%

% fl ights through risk window (N migration) Uniform 25% - 0% 50%
% fl ights through risk window (S migration) Uniform 21% - 0% 42%
% time turbines not rotating (N migration) Uniform 16.7% 0% 33.4%

% time turbines not rotating (S migration) Uniform 15.8% 0% 31.6%

Table MC.3. Monte Carlo input parameters for the prediction of the annual bird collision rate for scenario MC3.

Parameter Statistical 
distribution

Mean value Standard 
deviation

Min value Max 
value

Width of risk corridor (N migration) Normal 3974 m 125 3500 4500
Width of risk corridor (S migration) Normal 4018 m 125 3500 4500
% of fl ights at rotor height (N migration) Uniform 52% - 4% 100%
% of fl ights at rotor height (S migration) Uniform 52% - 4% 100%
% total population fl ying through whole study area (N 

migration)
Uniform 57% - 14% 100%

% total population fl ying through whole study area (S 
migration)

Uniform 91% - 82% 100%

% fl ights through risk window (N migration) Uniform 48% - 0% 96%
% fl ights through risk window (S migration) Uniform 57% - 14% 100%
% time turbines not rotating (N migration) Uniform 16.7% 0% 33.4%

% time turbines not rotating (S migration) Uniform 15.8% 0% 31.6%
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Table MC.4. Monte Carlo input parameters for the prediction of the annual bird collision rate for scenario MC4.

Parameter Statistical 
distribution

Mean value Standard 
deviation

Min value Max 
value

Width of risk corridor (N migration) Normal 3974 m 125 3500 4500
Width of risk corridor (S migration) Normal 4018 m 125 3500 4500
% of fl ights at rotor height (N migration) Uniform 52% - 4% 100%
% of fl ights at rotor height (S migration) Uniform 52% - 4% 100%
% total population fl ying through whole study area (N 

migration)
Uniform 57% - 14% 100%

% total population fl ying through whole study area (S 
migration)

Uniform 91% - 82% 100%

% fl ights through risk window (N migration) Uniform 74% - 48% 100%
% fl ights through risk window (S migration) Uniform 79% - 57% 100%
% time turbines not rotating (N migration) Uniform 16.7% 0% 33.4%

% time turbines not rotating (S migration) Uniform 15.8% 0% 31.6%

.
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Site photosAPPENDIX 6: 

Photo 1: View from the southern end of the site at Parahaki Point looking north, with Waiohipa Stream mouth at centre.  
Paparoa Point lies at the other end of the beach some 8 km distant, the Northern Saddle observation site is a 
distinct notch in the most distant range of hills, top centre.

Photo 2 A view from the centre of the site, looking south past the radar container.  Parahaki Point can be seen immediately 
above the radar container 4.3 km distant.  The distant cliffs to upper right are Tirua Point. 
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Photo 3 View from the northern end of the site at Paparoa Point looking south. Parahaki Point lies at the southern end of 
the beach, some 8 km distant.

Photo 4 View looking north from Paparoa Point along the Huruhurumaku Cliffs toward Waioioi Reef.  Albatross Point lies 1 
km beyond the cliffs.
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Photo 5 Looking south-west from the Northern Saddle observation site. The hill to the right is Spot Height 196m. The saddle 
lies at an elevation of approximately 125m.  The hill to the left is Spot Height 210m.  The pine forest in the centre 
of the photo lies within the wind farm footprint.

Photo 6 Looking north-east from the Northern Saddle toward Ururoa Point at the entrance to Kawhia Harbour
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Photo 9 The radar container and generator shed.  The location was 75m inland of the seaward toe of the foredunes.

Photo 10 The radar setup.
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Photo 11 The Taharoa C Iron Sand mining operation as at July 2007.

Photo 12 An area of duneland at the south end of the site that has been historically mined, recontoured and sown with 
Marram grass.
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Photo 15 Typical lakeside vegetation and a small island in Lake Rotoroa.

Photo 16 Lake Harihari to the south of the project area, with extensive wetland margins. 
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Photo 17 A view looking east to the point at which the Taharoa Lakes discharge to Wainui Stream.  Wainui Stream fl ows 
toward the viewer through low dunes up to 35m in elevation and on to the coast which lies behind the viewer.  
Extensive wetland margins are visible..

Photo 18 A view of Matauwai Stream, the second of the two streams that fl ow across the site.  Matauwai Stream is deeply 
incised through high dunes that rise to 90m. The coast is behind the viewer.
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APPENDIX 5: MAPS

Figure 30:  Site Map used in the fi eld during migration monitoring.
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Figure 31:  Radar Map used in the fi eld during migration monitoring.



 




