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Executive summary

Winstone Aggregates Group Ltd and Mt Rex Shipping Ltd have been granted Coastal Permits (No.
29202 and 29193, respectively) that authorise the dredging and removal of sand and to disturb the
seabed for the purpose of sand extraction in the entrance to the Kaipara Harbour. To meet resource
consent monitoring conditions, NIWA was contracted to undertake the “Kaipara Harbour sand
extraction monitoring programme” for 2024-25. The main purpose of the monitoring programme is
to identify and quantify changes or trends of change in coastal morphology in parts of the Kaipara
Inlet in the vicinity of sand extraction, by regularly measuring and comparing coastline and
bathymetric features and to assess whether any changes are causatively related to sand extraction.

The 2025 sand extraction monitoring programme collected aerial survey and photographic records of
Pouto Point, South Head and Manukapua Island. The latest surveys show that the study sites
continue to evolve in a way that is consistent with morphological changes observed in past reports
(e.g., Hume et al. 2003, Allis et al. 2017a, 2017b, 2019, Reeve et al. 2020, 2023, 2024).

As observed during the Kaipara Sand Study (Hume et al. 2003), Manukapua Island is highly mobile
and there have been very large changes in island morphology over the last 150 years which are
typical of a barrier island with little permanent vegetation adjacent to a tidal flood-delta with large
sediment fluxes. The observed changes in 2025 include sand dune recession, dune migration,
migration of nearshore channels, and change in extent of vegetation associated with the gradual
movement of sediment.

The detailed analysis of Manukapua Island shows that sand is being lost from the western side of the
island and is accumulating on the eastern side. This trend has been observed since the surveys began
in 2008 —suggesting that the island body is slowly migrating east with the prevailing aeolian (wind)
transport of sand.

It will always be difficult to link morphological changes to sand extraction given the large sand
movement volumes within the Kaipara Harbour, and the large natural changes in Manukapua Island
which have been observed in the past and may be expected in future. The aerial and seabed survey
programme has provided a considerable increase in coverage compared to previous ground-based
beach profiling, and over time, will continue to gather robust information about changes in planform
and sand storage volumes on Manukapua Island, and the sand banks within the Kaipara Harbour.

A memory drive supplied to the clients contains all survey information.

Kaipara Harbour sand extraction monitoring programme 7



1 Introduction

Winstone Aggregates Group Ltd and Mt Rex Shipping Ltd have been granted Coastal Permits (No.
29202 and 29193, respectively) to authorise the dredging and removal of sand and to disturb the
seabed for the purpose of sand extraction in the entrance to the Kaipara Harbour (Figure 1-1).

The extraction of sand from the inlet has the potential to result in a decrease in sand supply to
nearby beaches. Hence the main purpose of the monitoring programme is to identify and where
possible quantify changes or trends of change in coastal morphology in parts of the Kaipara Inlet in
the vicinity of the sand extraction. The changes are investigated by regularly measuring and
comparing coastline and bathymetric features and to assess whether any changes are causatively
related to sand extraction.

The monitoring relates to the areas indicated in Figure 1-1:

=  Manukapua Island (also known as Taporapora Island), which includes Tauhoa Channel
and Tauhoa sandbank, immediately south of the island.

=  Kaipara South Head, which includes Ocean beach, Papakanui Spit and Waionui Inlet.

=  Pouto Point, extending north to Maori Bay and the outlet of South Tauhara Creek.

North Head

au 3 REE ek -
e ‘Omoko{h Flats®e

Figure 1-1: Layout of Kaipara Harbour entrance with monitoring areas. Shaded areas indicate approximate
orthophoto coverage (grey) and consented sand extraction area (red). Scale: 10 km grid. [Source: LINZ
1:250,000 series].

8 Kaipara Harbour sand extraction monitoring programme



During the Kaipara Sand Study, Hume et al. (2003) observed that Kaipara Harbour is a highly dynamic
tidal inlet, which is characterised by large movements of sand on the seabed as shoals migrate and
change shape. There are also large accompanying changes along the shorelines as beaches erode and
accrete in response to local changes in tide and wave conditions and the effects on hydraulic
processes as sand banks shift about. Manukapua Island is a barrier island that has been built entirely
in the last 150 years from sand coming ashore by a combination of two process. Firstly, at high tide
the water over the ebb-tidal delta is deep enough to allow ocean swell to drive in to Manukapua
Island and move sand landward (Hume et al. 2003). Secondly, westerly winds blow sand up from the
beach to form dunes.

Survey plans show vast changes in the Manukapua Island shoreline in historical times. In 1858
Manukapua Island was charted as a small 700 x 350 m sized feature. The 1914 cadastral surveys
show the island comprised low sand hills and was 1200 x 600 m in size. Manukapua Island has built
southward some 2 km since 1914 and in 2003 comprised about 16 million cubic metres of sand
(Hume et al. 2003). This is strong evidence that large amounts of sand have come ashore in the
vicinity of Manukapua Island (to build the island). This could be coming from the open coast.
Alternatively, it could be a redistribution of sand within the harbour, perhaps, for instance, sand
moving south from the eastern edge of Lady Franklin Bank or the Waikiri Creek shore (the inlet just
north of Manukapua Island) (Hume et al. 2003).

Earlier beach-profiling studies show that the beach and seabed morphology around Manukapua
Island is highly mobile, with large volumes of sand moving on an annual basis (Green et al. 2002,
Edhouse et al. 2012, Kench et al. 2014). Sand accumulation (equivalent to net sand transport) of 1.5—
2.1 M m3/yr (1,500,000-2,100,000 cubic meters per year) is expected on the Manukapua Banks
(Stephens and Reeve, 2010). Gross sand transport over the Manukapua Banks was estimated as 1.9—
4.1 M m3/yr (1,900,000-4,100,000 cubic meters per year). This compares to gross sand transport
through the inlet entrance of 72 M m3/yr (72,000,000 cubic meters per year), which is about 20-40
times that over the Manukapua Banks (Stephens and Reeve, 2010).

Stephens and Reeve (2010), modelled net sand accumulation in an area consented sand extraction
area was in the range 1.0-1.8 M m3/yr. Sustainable sand extraction rates were calculated based on
the net sand accumulation in the practical extraction area. The volume of sustainable sand extraction
was estimated to be 600,000 cubic metres per year (600,000 m3/yr) (Stephens and Reeve, 2010). The
consented maximum volume permitted for extraction for all consent holders in the first 5-years was
400,000 m3/yr. The average volume extracted over the remaining 15 years of the consent cannot
exceed 600,000 m3/yr (sum of Winstone’s 264,000 m3/yr (Permit No. 29202) and Mt Rex’s 336,000
m3/yr (Permit No. 29193)). The consented maximum volume in any given year cannot exceed
700,000 m3/yr (sum of Winstone’s 308,000 m3/yr and Mt Rex’s 392,000 m3/yr).

1.1 Background to monitoring programme

The work programme outlined herein is designed to meet the request for services specified in
document “Kaipara Harbour sand extraction monitoring programme for resource consents —
Auckland Council 41662 and 41663, November 2013”, by Winstone Aggregates and Mt Rex Shipping
Ltd.

The resource consent monitoring conditions that are the subject of this programme are:

20. The Consent Holder shall undertake an annual monitoring programme that provides remote
sensing images and a digital topographic model for measuring and comparing changes in

Kaipara Harbour sand extraction monitoring programme 9



21.

22A.

22B.

23.

24.

25.

26.

coastal morphology of Taporapora (Manukapua Island). The monitoring programme shall
produce beach profiles and topography that is appropriate for comparison with existing data
collected using Differential GPS survey of the high tide line, the dune line and the low tide
line and shall be approved by the Team Leader. The monitoring report shall provide an
account of the net gain or loss of sand from areas of accretion and erosion on the western
side of Taporapora Island.

The Consent Holder shall undertake aerial photography or other remote sensing imaging
annually of an area comprising Kaipara South Head (Waionui Inlet, Ti Tree Island to mouth)
and Papakanui Spit extending south to the ocean beach and also of an area of Pouto
shoreline to Maori Bay (South Tauhara Creek). The aerial imaging record shall be assessed
annually for changes in morphology by a suitably qualified person approved by Council and
the assessment and findings shall be included in the annual coastal monitoring programme
report provided to Auckland Council.

The Consent Holder shall undertake a monitoring programme that will measure changes in
seabed profiles on the Tapora Banks. This programme shall include at least 10 profiles,
extending from low tide to 10 m water depth, 5 of which connect with beach Profiles 1 to 5
that have been established on the western shore of Taporapora Island (Manukapua Island) as
described in condition 20 above and monitored at least two-yearly intervals. The monitoring
programme shall be developed in consultation with the Team Leader and shall be approved
by the Team Leader.

The Consent Holder shall undertake a monitoring programme that will measure changes in
seabed profiles on the western end of the Tauhoa Bank at least two-yearly intervals. This
programme shall include at least three profiles, and shall be developed in consultation with
the Team Leader and shall be approved by the Team Leader.

The monitoring programmes described in Conditions 20 and 21, above shall establish
reference datum points for long-term consistency in survey. The number of profiles may
need to be increased at some stage to take account of future shoreline and landform
changes. Prior to commencement, the monitoring programmes shall be submitted to the
Team Leader for approval.

The programmes shall be established by the Consent Holder and managed, analysed and
reported upon by persons possessing appropriate expertise in the assessment of physical
processes and beach behaviour.

Analysed results of the monitoring programmes shall be forwarded to the Minister, the Team
Leader, the Department of Conservation, Oruawharo Marae, Royal Forest and Bird
Protection Society and Ngati Whatua (Ngati Whatua o Kaipara and Te Uri o Hau), or
alternatively the Kaipara Harbour Sand Extraction Monitoring Group annually.

The Consent Holder may comply with Conditions 18 to 21, by participating in, and
contributing to a Kaipara Harbour Entrance Monitoring programme established on the
following basis:

a) A working party being formed within one month of the date of commencement of
consent consisting of representatives from the Consent Holder, the Auckland Council

10
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and Northland Regional Council, and any other party prepared to financially contribute
to the monitoring programme.

b) The monitoring programme shall include, but not be limited to, the monitoring
activities described in the Numerical Modelling conditions above (conditions 14 and 15)
and the monitoring activities described in the Coastal and Seabed Monitoring Conditions
above (conditions 20 to 23).

c) The working party shall engage the necessary experts to carry out the monitoring
programme and in consultation with the experts will define the precise parameters of
the monitoring.

d) The monitoring programme will be funded by the Consent Holder and any other party
represented as shall be agreed between the parties.

1.2  Monitoring Programme

The primary objective of the sand extraction monitoring program is to collect monitoring data in a
format suitable for analysis and comparison with historical data. This program also involves expert
assessment and reporting of monitoring results. Surveys are conducted on both land and the
adjacent seabed in the vicinity of where sand extraction occurs in the entrance of the Kaipara
Harbour.

This report contains the results from the 2025 monitoring programme which collected orthorectified
aerial photographs and beach transects within the required areas of Kaipara Harbour (see Figure 1-
1).

NIWA was contracted to complete the following tasks for the 2025 monitoring:

1. Survey by aerial photogrammetry to produce fully orthorectified images of Manukapua
Island, and approximately ortho-rectified images of Kaipara South Head, Ocean Beach
and Pouto Point.

2. Compilation of 10 beach transects and topography on Manukapua Island for
comparison with existing data (e.g., surface elevation profiles, dune line, high tide line
and low tide line) and including some measurements for ground-truthing of aerial
photogrammetry.

3. Subtidal profiling of 13 transects on the Tapora and Tauhoa Banks in and adjacent to
the sand extraction area, which is to be integrated with the beach profiling.

4. Expert assessment and reporting of monitoring results, including identification of any
significant changes in coastal morphology on Manukapua Island, Kaipara South Head
and Pouto Point (North Head).

5. Presentation of the results to the Kaipara Harbour Sand Extraction Management Group
(KHSEMG). Presentation location and time to be confirmed but prior to 30 June 2025.

6. An assessment of the satellite-derived bathymetry (SDB) and digital elevation model
(DEM) trial was undertaken to evaluate the viability of these remote sensing products
as alternatives to traditional survey methods.

Kaipara Harbour sand extraction monitoring programme 11



NIWA managed the monitoring programme, completed tasks 4-5 and sub-contracted Interpine
Innovation to undertake tasks 1 — 3.

The structure of this report is to outline the background to the monitoring in Section 1.1, and outline
the method for aerial surveys in Section 2. The results of the monitoring programme are presented in
Section 3 including the aerial orthophotos, beach transects, satellite data and seabed surveys.
Section 4 discusses the results and provides a summary.

12 Kaipara Harbour sand extraction monitoring programme



2 Monitoring methodology

2.1 Transect notation

The notation for the 13 transects surveyed on Manukapua Island are shown in Figure 2-1.

=  Transects 1-10 are integrated beach-seabed transects lines extending from the eastern
flank of the Manukapua Island, across the island body, and continuing approximately 5
km into the Kaipara Harbour entrance.

=  Transects 11-13 are seabed-only surveys which traverse the Tauhoa Channel and
Tauhoa Banks to the south of Manukapua Island.

Figure 2-1 also illustrates several no-longer surveyed seabed transects. See Allis et al. (2017a) for
description of the transect surveys positions. Table A-1, Appendix A contains the coordinates for all
shown transects.

Kaipara Harbour sand extraction monitoring programme 13
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Figure 2-1: Location of beach and seabed survey transects. Transects 1-13 were surveyed in 2019,
transects with subscript ‘a” or ‘b’ refer to prior surveys. [Sources: LINZ hydrograph chart 4265 Kaipara Harbour,

2016 aerial photograph].
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2.2 Aerial photography and LiDAR Survey

The aerial surveying for Manukapua Island was conducted on 11*" January 2025. All data from the
aerial LiDAR survey were processed into Mt Eden 2000 coordinates and New Zealand vertical datum
2016 (NZVD2016), and later converted into Auckland Vertical Datum 1946 (AVD-46)™.

The survey flights were performed by Interpine as follows:

1. An aerial LiDAR (light detection and ranging) survey of Manukapua Island, undertaken
using UAV LiDAR system flown 110 m above the island.

2. Ten beach transect lines (Figure 2-1) were mapped on Manukapua Island for
comparison to historic monitoring using coordinates in Table A-1, Appendix A.

3. Manukapua Island aerial image was flown by drone at 110 m, while high-resolution
satellite images were obtained for Kaipara South Head and Pouto Point.

4. Adigital terrain model (DTM) was created from the LiDAR data covering the
Manukapua Island utilising the ground control points which were established as part of
the survey. Interpine have fixed the location of nine ground control points (GCP) on
Manukapua Island using a survey grade decimetre GNSS (Trimble Geo6000XH). This
was for the purposes of validation for subsequent LiDAR analysis (Figure 2-2).

Figure 2-2: Interpine have fixed the location of nine ground control points on Manukapua Island. [Credit
Left: Susana Gonzalez (Interpine Group), Right: 0.25 m Aerial photo].

2.3 Digital Terrain Model Processing

Although a full analysis of the Digital Terrain Model (DTM) was not required for this monitoring
round, a high-resolution LiDAR DTM was still collected. The use of LiDAR allows for data capture
across the entire island with minimal disturbance—particularly important given limited access to the
vegetated portions of Manukapua Island during the bird nesting season.

! Conversion from One Tree Point Vertical Datum 1964 to Auckland Vertical Datum 1946 = +0.24m

Kaipara Harbour sand extraction monitoring programme 15



Prior to 2022, DTMs were obtained using plane-based aerial photogrammetry. From 2022 onwards, a
drone-based LiDAR method has been adopted, providing improved spatial resolution and the ability
to penetrate vegetation to measure the underlying ground surface.

While full DTM analyses were carried out for the 2014, 2015, 2017, 2019, and 2022 datasets, only the
beach transect extraction was performed for the 2025 DTM dataset. Full geomorphic analysis of the
DTM is planned for the 2025-2026 monitoring programme.

Key DTM collection and processing steps for previous years (2015, 2017, 2019, 2022, 2024) include:

= Acquisition of approximately 300 million individual ground points per survey at 0.1 m
ground sample distance.

=  Ground-truth validation with handheld GPS devices, confirming high vertical and
horizontal accuracy.

=  Manual filtering to remove vegetation artefacts, ensuring only bare-earth surfaces are
retained.

= Interpolation of the filtered DTM to a 2 m resolution grid (~0.7 million points) to
streamline data handling.

Estimated accuracy for these DTMs is £0.15 m vertically and £0.1 m horizontally. The largest errors
typically occur in densely vegetated areas (Gonzalez, 2023).

Bi-annual DTM surveys now alternate with subtidal seabed mapping. The next full DTM analysis is
scheduled for the 2025-2026 monitoring period.

2.4 Beach transects survey

The beach transect analysis is a continuation of the prior coastal monitoring programmes (e.g., Kench
et al. 2013, 2014, Allis et al. 2014, 2015, 2017a, 2017b, 2019, Reeve 2023). Beach survey data were
manually collected by the University of Auckland either once or twice per year ending in 2013, and
beach surveying has been performed annually from 2014 with a change to aerial photogrammetry
survey techniques?. While manual surveys were previously conducted up to 2013, and
photogrammetry was used from 2014 onward, current transect data are now extracted directly from
LiDAR-derived DTMs

For the 2025 monitoring round, although a full DTM analysis was not completed, the DTM dataset
was used specifically to extract updated beach transects. This approach reduces the need for on-
ground survey activity, particularly important given seasonal restrictions on accessing the vegetated
areas of the island during bird nesting.

The on-land portion of Transects 4-7 and 9 have beach survey data from 1998 to present, while
Transects 1-3, 8 and 10 have beach survey data from 2008 to present.

The following processing steps are adopted for each transect dataset:

2 Allis et al. (2015) details a comparison of the two survey beach-profile techniques and adjusts the older surveys (1998-2008) to modern
coordinate systems.
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1. The complete profile set is presented to provide an overview of the range of profile
positions since surveying began. These are shown as elevations and cross-shore
positions for each survey date.

2. The datum ‘zero’ (0 m AVD-46) and the mean high water perigean springs tide level
(MHWPS) is shown to indicate the upper range of the intertidal beach for Manukapua
Island. A MHWPS elevation of 1.90 m AVD-46 was calculated from the 1.67 m MHWPS
amplitude in Tauhoa channel (Stephens and Wadhwa 2012) plus the recent mean sea
level (MSL) offset to AVD—46 = +0.23 m (Stephens et al. 2016).

3. An excursion distance plot is presented to show the beach position changing with time,
which helps identify trends in erosion/accretion over the beach profile. This is shown
as the cross-shore position of various elevations through time. For example, it shows
how the position of the 2 m contour retreats/advances along the transect through
time. See Kench et al. (2014, p.6) for further description of the excursion analysis.

4. The volume of sand contained under each profile is calculated for the area seaward of
the zero-horizontal position (e.g., 0 m) and above a nominated vertical elevation (e.g.,
-1.5 m AVD-46). The nominated vertical elevation for each profile is the elevation
selected by Kench et al. (2014) relative to AVD-46. The volume analysis is limited to the
nominated part of the beach profile only and does not necessarily reflect island-wide
changes in sand volume or distribution. At some transects, the profile has changed
substantially since the original zero horizontal position was established by the
University of Auckland, e.g., the erosion of an entire foredune.

5. A summary of observed geomorphic changes to the transect is presented. This
identifies key profile features (e.g., foredune extent, dune crest, dune toe, intertidal
beach), the consistency of each feature with prior surveys, approximate dimensions,
and trend of change since the last survey and since surveying began, along with the
appearance of any new trends or features.

Note that the 2015 monitoring report (Allis et al. 2015) corrected the elevation and horizontal
position of the older University of Auckland beach surveys (1998-2008) to modern coordinate
systems by comparing overlapping on-ground survey data. However, no on-ground survey data was
available for the 2008-2013 beach profiles of Transect 8 and Transect 10. Consequently, Allis et al.
(2015) manually adjusted these to modern coordinates with careful checking of profile alignment,
profile features and trends, and comparison to previously reported volumes of Kench et al. (2014).
Volumetric changes reported here for Transect 8 and Transect 10 include this adjustment.

2.5 Seabed survey
2.5.1 Survey methodology and results

Survey Overview

A single-beam hydrographic survey was undertaken on 14 May 2025 using NIWA’s survey vessel
Whai Il. The survey followed 13 pre-defined transects, with start and end points shown in Figure 2-1
and listed in Appendix A, Table A-1. Prior to departure, transect coordinates were uploaded into the
HYPACK hydrographic survey software, and all equipment was tested.
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Equipment and Data Collection

The vessel was equipped with a Trimble R10 RTK GPS for real-time horizontal and vertical positioning,
and a Tritech PA500 echo sounder (500 kHz, 6° beam angle, 0-50 m range) for depth measurements.
Position and depth data were recorded via HYPACK. Soundings were taken at 1 Hz, with the vessel
maintaining an approximate speed of 4 knots. Data were referenced to the NZGD2000 Mount Eden
Circuit coordinate system and initially tied to NZVD2016 vertical datum, later converted to AVD-46.

HYPACK also calculated seabed elevations by integrating GPS elevation, echo sounder depth, and the
draft of the transducer. A geoid model was not applied, allowing for consistent comparison between
survey datasets.

Vertical errors associated with the use of RTK GPS are typically within £1 cm horizontally and £2 cm
vertically. However, additional factors—such as the separation between base and rover stations and
slight deviations in the vessel’s actual track between survey years—can result in a cumulative
repeatability error of up to £20 cm (Hart et al. 2009). Therefore, changes in seabed elevation are not
considered significant unless they exceed £20 cm

GPS Validation and Accuracy

Previous surveys in the area used a local RTK base station (survey mark B5RA) to provide high-
accuracy positioning. During the 2023 bathymetry survey, the Trimble “VRS now3” RTK service was
trialled to assess its suitability as an alternative. The aim was twofold: (A) to confirm whether
adequate cellular coverage existed across the survey area, and (B) to evaluate whether VRS Now
could deliver comparable vertical accuracy to the base station approach.

A check shot to survey mark B5R9 (see Appendix A Table A-2) and comparison of bathymetry along
transects T1 and T10 were used to evaluate performance. The results showed good agreement
between methods, indicating that the VRS Now service was a suitable alternative for future surveys.

Survey Conditions and Observations

Weather during the survey was generally fine, with southwesterly winds around 10 knots in the
morning easing to variable 5-knot winds in the afternoon. Patchy cloud persisted through an
otherwise sunny day.

Some challenges were encountered with maintaining survey line alignment during the morning. Swell
generated by opposing wind and tide conditions affected transects 4 and 5, and full coverage of
transect 5 was not achieved. In the afternoon, conditions improved, although light chop and residual
swell were present near the exposed southwestern end of the island and Tauhoa Bank.

3 VRS (Virtual reference station) gives access to RTK correction services using a network of permanent, continuously operating reference
stations.
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Depth AVD-46

Figure 2-3:

< -18.0
-17.9 - -16.0
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Seabed survey spatial distribution and depths (AVD-46) along the 13 surveyed transects in

2025. Coordinate grid is in NZGD2000 / Mount Eden Circuit.
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2.5.2 Bathymetric post-processing data analysis

Depth data were processed using HYPACK software and standard procedures, which included the
removal of out-of-range points and smoothing of data spikes. The cleaned data were then imported
into ArcPRO for spatial analysis.

Due to the influence of tidal currents and wind, the survey vessel occasionally deviates from the
planned transect route (e.g., Figure 2-3, Transect 5). However, these deviations are generally
constrained to within £5 m using track guidance software. To ensure consistency and enable
comparison between surveys, the ideal (planned) transect lines were digitized in ArcPRO and
subdivided into points at 5 m intervals. Perpendicular lines were drawn through these points, and the
elevation value of the nearest measured depth point was assigned to each. This process effectively
interpolates depths along the planned survey track at 5 m intervals. As the same planned transect
lines are used for all surveys, results from different dates can be directly compared.

2.6  Satellite digital elevation and bathymetry

For the 2025 monitoring programme, EOMAP (https://eomap.com) was subcontracted to undertake
a satellite-derived digital elevation model (DEM) and satellite derived bathymetry (SDB) trial for the
Manukapua Island and Tapora Banks area to evaluate its feasibility for future use within the
monitoring programme. Figure 2-4 shows the EOMAP study area. The assessment utilised very-high-
resolution (2 m) multispectral satellite datasets from Maxar’s WorldView-2 satellites. These datasets
were enhanced to a 0.5 m resolution using pansharpening algorithms that incorporate the satellite's
panchromatic band, which is natively captured at 0.5 m resolution, full technical details can be found
in Klinger,Russell (2025). Several archived optical satellite image datasets were used to derive the
bathymetry, making the output a time-averaged surface rather than an instantaneous surface, as
would be the case with a hydrographic survey. In this instance, the surface represents an average
over several months, incorporating varying tidal and weather conditions, as well as different levels of
solar illumination. From the available archive of satellite data, images were based on the following
criteria:

1. minimal atmospheric interference (e.g., cloud, haze, or dust),

2. absence of floating substances or objects such as oil films, vegetation, or ice, maximum
possible water clarity,

3. optimal illumination and sensor recording geometry to ensure radiometric consistency
and minimise water surface effects such as sunglint (when sunlight reflects directly off
the surface), and

4. minimal impact from waves or wave-breaking.
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Figure 2-4: Manukapua Island and Tapora Bank of interest for satellite bathymetry and satellite digital
elevation model. Red line represents the area of interest.
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3 Monitoring results

3.1 Orthoimages

The aerial survey captured ortho-images of the Kaipara South Head, Pouto Point and Manukapua
Island monitoring areas for qualitative morphodynamic analysis. Representative high water (2.034
m), low water (-0.79 m) and vegetation lines were also mapped for Manukapua Island.

Orthophotos were captured of the monitoring areas at several horizontal resolutions (Table 3-1). Full
resolution orthophotos are included on the appended reference memory drive.

Table3-1:  Orthophoto resolution for monitored areas. The resolution shows the on-ground size of a pixel
in each image, i.e., lower resolution value shows more detail in the orthophoto.

Location Resolution
Manukapua Island 0.25m
Pouto Point 0.5m
Kaipara South Head 0.5m

The aerial orthophotos of Manukapua Island, Pouto Point and Kaipara South Head are shown in
Figure 3-1, Figure 3-2 and Figure 3-3 respectively. These are the eighth iteration of annual aerial
orthophotos in these locations, all prior aerial photos are included on the appended reference
memory drive.

A visual comparison of the high-resolution photos from 2014 to 2025 there are no major changes
observed. At the scale of these photographs only large or abrupt morphological changes are
expected to be visible when comparing prior years. The most notable features are:

=  Minor changes in the position and shape of the nearshore channels, runnels and
bedforms, vegetation extents and density, sand dune and valley extents, on Pouto
Point, South Head and Manukapua Island.

=  On Manukapua Island, there has been a continued slow easterly retreat of both the
vegetation line and the high-water line. Vegetation retreat is most pronounced along
the narrower southern half of the island. The sand spits extending eastward from the
northern and southern tips of the island have remained consistent in size and
orientation, aligning with the prevailing eastward littoral drift around the island's tips.

=  OnSouth Head, the pre-2012 breach—located approximately 4 km along the 6 km-
long Papakanui Spit near the Waionui Inlet—has narrowed and shallowed, and the
original channel now appears to have re-established as the primary flow path. The
breach itself has been slowly migrating eastward. A small ebb tidal delta (less than
100 m in radius) has formed at the mouth of the breach and continues to extend
northward into the harbour entrance.

=  The wide sandy beach south of Pouto Point shows little change in the extent of sand
and vegetation cover. The inner-harbour shoreline north of Pouto Point also appears
stable, as does the stretch between Pouto Point and the mouth of Tauhara Creek. The
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narrow barrier separating the Tauhara Creek estuary from Kaipara Harbour remains
stable. A slight build-out of the beach at Pouto Point is evident when compared to
2023, returning to a similar extent observed in 2021.

The visual analysis of the aerial photographs indicates that the beaches and island are primarily
shaped by natural sedimentation and transport processes. The observed patterns and changes have

remained generally consistent over time, with no significant shifts in behaviour evident in the most
recent data.
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Figure 3-1: Manukapua Island aerial orthophoto. Line of high water = 2.034 m and low water =-0.79 m
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Figure 3-3: Kaipara South Head aerial orthophoto.
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3.2 Beach transect surveys

The results from the beach portion of the LiDAR extracted survey transects along the western flank of
Manukapua Island (see Figure 2-1) are shown in Figure 3-4 to Figure 3-12 in a north to south
sequential order. Vertical elevations are specified relative to AVD-46 and horizontal distances are
calculated as along-transect distance from the origin point (established by the University of Auckland
when surveying began, see Appendix A Table A-1. Distances along-transect are presented as negative
distances if they extend inland beyond the origin point.

Note that volumetric tables are only relative to the zero datum and due to migration of the sand
dunes, the location of the beach profile over which the volume changes are calculated has changed
over the years. Therefore, the volumetric changes are only relevant when comparing profiles
sequentially i.e., when comparing the incremental or cumulative year-on-year change rather than
comparing the first and last profile volumes.
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Figure 3-4:  Beach profiles and excursion plots at Transect 1. Top: Beach profiles of distance along transect
elevations for each survey date (colours), with MHWPS (dotted line) and 0 m elevation (thin solid line). Bottom:
Excursion plot showing trend of distance along transect for various elevations through time (colours). Beach
profile locations are shown in Figure 2-1.
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Table 3-2: Beach volumes under Transect 1. Calculated as volume seaward of 0 m cross-shore distance
and above -1.496 m elevation for each surveyed profile.

Survey ID Volaume Volume change Cumulative volume change
m3/m m3/m m3/m
2008/1 23714 0.0 0.0
2008/2 2348.4 -23.0 -23.0
2009/1 2372.7 243 1.3
2009/2 2395.3 22.6 23.9
2010/1 2454.2 59.0 82.8
2010/2 2467.8 13.6 96.4
2011/1 2428.4 -39.4 57.0
2011/2 2503.7 75.3 132.3
2012/1 2538.2 345 166.8
2012/2 2577.0 38.8 205.6
2013/1 2615.7 38.7 244.3
2013/2 2634.4 18.7 263.0
2014 2490.8 -143.6 119.4
2015 2524.2 334 152.8
2016 2550.4 26.3 179.0
2017 2330.5 -219.9 -40.9
2018 2503.2 172.7 131.8
2019 2487.5 -15.7 116.1
2020 2585.3 97.8 213.9
2022 2657.7 72.4 286.3
2023 2795.3 137.7 423.9
2025 2843.7 48.3 472.3

Extending north from the northern tip of Manukapua Island (see Figure 2-1), the 2025 survey of
Transect 1 (Figure 3-4) shows an increase in sand volume of 48.3 m3/m compared to 2023 (Table 3-2)
which contributes to a total gain in volume of 472.3 m3/m since 2008. The shape and elevation of the
large foredune and secondary dune are consistent in shape to prior surveys, and the small (3 m
height) incipient dune continues to develop at the toe of the foredune indicating the profile is
prograding (advancing). The incipient dune has grown in height by 0.5 m since 2018 but remains
relatively small (5 m high by 30 m wide) compared to the main foredune and may be short-lived like
the small incipient dunes which formed and disappeared on Transect 3 and Transect 7. The elevation
of the 300 m wide intertidal sandflat is consistent to 2018, but has gained approximately 0.7 m in
elevation compared to 2020-2023 surveys. The edge of the channel remains stable at chainage

520 m, some 70 m inland from the 2008-2013 position. The excursion plot shows the transect has
slow rates of progradation (4 m/year) in the +2 m to +7 m elevation and unsteady retreat of the -1 m
to +1 m elevation.
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3.2.2 Transect 2
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Figure 3-5:  Beach profiles and excursion plots at Transect 2.Top: Beach profiles of distance along transect
elevations for each survey date (colours), with MHWPS (dotted line) and 0 m elevation (thin solid line). Bottom:
Excursion plot showing trend of distance along transect for various elevations through time (colours). Beach
profile locations are shown in Figure 2-1.
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Table 3-3: Beach volumes under Transect 2. Calculated as volume seaward of 0 m cross-shore distance
and above -1.531 m for each surveyed profile.

Survey ID Volsume Volumg change  Cumulative \/30Iume change
m3/m m3/m m3/m
2008/1 1340.4 0.0 0.0
2008/2 1320.2 -20.2 -20.2
2009/1 1332.3 121 -8.1
2009/2 13524 20.1 12.0
2010/1 1389.7 37.3 49.3
2010/2 1339.5 -50.2 -0.9
2011/1 1322.6 -16.8 -17.7
2011/2 1231.6 -91.0 -108.8
2012/1 1174.2 -57.3 -166.1
2012/2 1135.6 -38.6 -204.7
2013/1 1089.7 -46.0 -250.7
2013/2 1048.5 -41.2 -291.9
2014 861.4 -109.0 -411.6
2015 7723 -89.0 -500.6
2016 956.6 184.3 -314.9
2017 932.0 -24.6 -339.5
2018 955.0 63.0 -276.5
2019 813.0 -182.0 -458.5
2020 892.6 79.5 -378.9
2022 900.5 7.9 -371
2023 1154.7 254.1 -116.9
2025 1216.5 61.9 -55

Aligned northwest-southeast on the northern tip of Manukapua Island (see Figure 2-1), the 2025
survey of Transect 2 (Figure 3-5) shows the sand dunes, sandflats and intertidal beach are consistent
in shape and height to prior surveys. The survey shows the transect increased in volume by 61.9
m3/m (Table 3-3). This gain is a result of accumulation of the upper intertidal channel bank (located
between 0 m and MHWPS elevation). The excursion plots show a similar pattern occurred in 2014-
2015 (Figure 3-5) and review of aerial and satellite photos® confirm this pattern is associated with
large scale sand waves migrating northeast along the channel edge. The cumulative volume change is
-55 m3/m since surveying began in 2008 and Figure 3-5 shows this loss is primarily results from the
change in the width of the intertidal beach rather than from within the sand dunes which have
retreated landward at a rate of 1 m/year from 2008 to 2014. Since 2014 there has been a reversal,
and the intertidal beach has start to prograde (advancing seaward).

3.2.3 Transect 3

Aligned approximately east-west on the northwestern side of Manukapua Island (see Figure 2-1), the
2025 survey of Transect 3 (Figure 3-6) shows the sand dunes, sandflats and intertidal beach are
consistent in shape and height to prior surveys. The 2025 survey shows a volume loss of 82.6 m3/m

4 https://earthengine.google.com/timelapsettv=-
36.39096,174.22186,11.599,latLng&t=3.03&ps=50&bt=19840101&et=20181231&startDwell=0&endDwell=0

Kaipara Harbour sand extraction monitoring programme 31


https://earthengine.google.com/timelapse#v=-36.39096,174.22186,11.599,latLng&t=3.03&ps=50&bt=19840101&et=20181231&startDwell=0&endDwell=0
https://earthengine.google.com/timelapse#v=-36.39096,174.22186,11.599,latLng&t=3.03&ps=50&bt=19840101&et=20181231&startDwell=0&endDwell=0

contributing to a cumulative loss of 784.9 m3/m. Notably, there is evidence of recession in the upper
intertidal beach and dune toe. Some of this loss is offset by deposition on the landward (lee) side, as
sand is transported inland by prevailing winds, leading to year-on-year increases in transect volume
between the 0-100 m distance along the transect.

The excursion analysis indicates the rate of foredune recession (above MHWPS) has continued at 1-2
m/year since 2014 (Figure 3-6). The intertidal beach has remained nearly stationary (+/- 10 m
change) throughout 2016—2025 which is a significant change from the -18 m/year average
throughout 1998-2016. This slowing in the overall rate of shoreline (0 m contour) is attributed to
erosion now undercutting 10 m high dunes, as opposed to earlier phases where retreat was primarily
confined to the intertidal beach.

32 Kaipara Harbour sand extraction monitoring programme



1998/1 2005/2 2013/1
1998/2 2006/1 2013/2
1999/1 2006/2 2014 |
1999/2 2007/1 2015
2000/1 2007/2 2016
2000/2 2008/1 2017
2001/1 2008/2 2018
© 2001/2 2009/1 2019
¥ 2002/1 2009/2 2020 ]
g 2002/2 2010/1 2022
< 2003/1 2010/2 2023
é 2003/2 2011/1 2025
g 2004/1 2011/2 e MHWPS
5 2004/2 2012/1 om
i>> v 2.005/1 ............... 20,1 2/2 .......................... -
w
\ >/ d—. \
3 N, =
4 | | | | | I
0 100 200 300 400 500 600 700
Distance along transect (m)
700 7 T T T T T T T T T T T
—_—2m 45m
—_—-15m 5m
—_—-1m 55m
600 - ———.05m 6m
—0m 6.5m
7m
= 7.5m
%,’ 500 - 8m
2 grSn m
o
- 9.5m
2 400 |- \/\— — 10m
Le)
©
8
s
@ 300 - n
o
200 - -
100 | | | | | | | | | | | |

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028
Date

Figure 3-6:  Beach profiles and excursion plots at Transect 3. Top: Beach profiles of distance along transect
elevations for each survey date (colours), with MHWPS (dotted line) and 0 m elevation (thin solid line). Bottom:
Excursion plot showing trend of distance along transect for various elevations through time (colours). Beach
profile locations are shown in Figure 2-1.
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Table 3-4: Beach volumes under Transect 3. Calculated as volume seaward of 0 m cross-shore distance
and above -1.440 m for each surveyed profile.

Survey ID VoLume Volume change  Cumulative volume change

m3/m m3/m m3/m

1998/1 1995.8 0.0 0.0
1998/2 1935.5 -60.3 -60.3
1999/1 1971.4 35.9 -24.4
1999/2 1945.2 -26.2 -50.6
2000/1 1927.0 -18.2 -68.8
2000/2 1923.5 -3.5 -72.3
2001/1 1901.8 -21.8 -94.0
2001/2 1817.3 -84.5 -178.5
2002/1 1723.3 -94.0 -272.5
2002/2 1657.0 -66.3 -338.8
2003/1 1783.3 126.3 -212.5
2003/2 1800.3 17.0 -195.5
2004/1 1757.1 -43.2 -238.7
2004/2 1754.8 -2.3 -241.0
2005/1 1711.3 -43.5 -284.5
2005/2 1660.4 -50.9 -335.4
2006/1 1622.2 -38.2 -373.7
2006/2 1665.7 43.6 -330.1
2007/1 1612.7 -53.1 -383.2
2007/2 1573.4 -39.3 -422.4
2008/1 1549.3 -24.1 -446.5
2008/2 1550.6 1.3 -445.2
2009/1 1582.3 31.7 -413.6
2009/2 1596.6 14.3 -399.3
2010/1 1577.0 -19.5 -418.8
2010/2 1578.4 1.3 -417.5
2011/1 1562.4 -15.9 -433.4
2011/2 1541.8 -20.6 -454.0
2012/1 1577.6 35.8 -418.2
2012/2 1540.3 -37.3 -455.5
2013/1 1532.2 -8.1 -463.7
2013/2 1557.9 25.8 -437.9
2014 1585.0 27.1 -410.8
2015 1537.7 -47.3 -458.1
2016 1328.5 -209.2 -667.4
2017 1292.0 -36.4 -703.8
2018 1393.5 101.4 -602.3
2019 1418.5 25.0 -577.3
2020 1341.1 -77.4 -654.7
2022 1403.7 62.6 -592.1
2023 1293.6 -110.2 -702.3
2025 1210.9 -82.6 -784.9
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Figure 3-7:  Beach profiles and excursion plots at Transect 4. Top: Beach profiles of distance along transect
elevations for each survey date (colours), with MHWPS (dotted line) and 0 m elevation (thin solid line). Bottom:
Excursion plot showing trend of distance along transect for various elevations through time (colours). Beach
profile locations are shown in Figure 2-1.
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Table 3-5: Beach volumes under Transect 4. Calculated as volume seaward of 0 m cross-shore distance
and above -2.337 m elevation for each surveyed profile.

Survey ID vOLume Volume change Cumulative volume change
m3/m m3/m m3/m
2008/1 1536.4 0.0 0.0
2008/2 1468.3 -68.2 -68.2
2009/1 1452.8 -15.5 -83.6
2009/2 1376.6 -76.3 -159.9
2010/1 1390.0 13.5 -146.4
2010/2 1385.9 -4.1 -150.6
2011/1 1363.8 -22.0 -172.6
2011/2 1285.2 -78.7 -251.3
2012/1 1294.1 8.9 -242.3
2012/2 1269.9 -24.3 -266.6
2013/1 1240.0 -29.8 -296.4
2013/2 1239.7 -0.3 -296.7
2014 1174.8 -64.9 -361.6
2015 1039.5 -135.3 -496.9
2016 820.4 -219.1 -716.1
2017 670.6 -149.7 -865.8
2018 615.2 -55.4 -921.2
2019 707.1 91.9 -829.3
2020 569.0 -138.1 -967.4
2022 455.1 -114 -1081.4
2023 530.6 75.6 -1005.8
2025 412.3 -188.4 -1124.2

Aligned east-west on the north western side of Manukapua Island (200 m south of Transect 3, see
Figure 2-1), the 2025 survey of Transect 4 (Figure 3-7) shows the foredune has continued to retreat
landward and lower, with lesser changes to the intertidal beach elevation (located between 0 m and
MHWPS). This survey shows that the ongoing recession of the dune (above MHWPS) continues at
about 15 m/year but retreat of the intertidal beach has been <5 m/year since 2012. The steady
inland migration of the foredune is characteristic of dune migration due to prevailing winds
transporting sand from the stoss (front) face and deposition it on the lee (rear) face.

The calculated volumes show large cumulative losses of 1,124 m3/m since 2008 (Table 3-5). However
the volume changes are approximate as calculations are seaward of the nominated 0 m horizontal
position (note how the 1998-2013 profiles stop at cross-shore distance of -80 m in Figure 3-7, when
the dune crest and body have migrated landward but with small changes to shape.
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3.2.5 Transect5
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Figure 3-8:  Beach profiles and excursion plots at Transect 5. Top: Beach profiles of distance along transect

elevations for each survey date (colours), with MHWPS (dotted line) and 0 m elevation (thin solid line). Bottom:
Excursion plot showing trend of distance along transect for various elevations through time (colours). Beach
profile locations are shown in Figure 2-1.
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Table 3-6: Beach volumes under Transect 5. Calculated as volume seaward of 0 m cross-shore distance
and above -1.536 m elevation for each surveyed profile.

Survey ID VoLume Volume change Cumulative volume change

m3/m m3/m m3/m

1998/1 1307.2 0.0 0.0
1998/2 1238.7 -68.5 -68.5
1999/1 1140.4 -98.3 -166.8
1999/2 1064.9 -75.6 -242.4
2000/1 1006.5 -58.3 -300.7
2000/2 951.6 -55.0 -355.7
2001/1 877.3 -74.3 -430.0
2001/2 859.2 -18.1 -448.0
2002/1 832.0 -27.2 -475.2
2002/2 876.4 44.4 -430.8
2003/1 1030.0 153.6 -277.3
2003/2 966.4 -63.6 -340.9
2004/1 1001.3 35.0 -305.9
2004/2 1180.5 179.2 -126.7
2005/1 1203.1 22.6 -104.1
2005/2 1193.0 -10.1 -114.2
2006/1 1205.3 12.3 -101.9
2006/2 1195.8 -9.5 -111.4
2007/1 1151.2 -44.6 -156.0
2007/2 1135.9 -15.3 -171.3
2008/1 1147.5 11.6 -159.7
2008/2 1118.6 -28.9 -188.7
2009/1 1115.2 -3.4 -192.1
2009/2 1104.4 -10.7 -202.8
2010/1 1170.5 66.0 -136.8
2010/2 1146.6 -23.9 -160.6
2011/1 1163.2 16.6 -144.0
2011/2 1101.6 -61.6 -205.6
2012/1 1070.8 -30.8 -236.5
2012/2 1023.6 -47.2 -283.7
2013/1 959.2 -64.4 -348.1
2013/2 899.4 -59.8 -407.8
2014 849.2 -50.2 -458.0
2015 709.2 -140.0 -598.0
2016 659.4 -49.8 -647.8
2017 576.7 -82.7 -730.5
2018 581.5 4.8 -725.7
2019 615.1 335 -692.2
2020 500.8 -114.3 -806.5
2022 407.3 -93.5 -899.9
2023 464.8 57.6 -842.4
2025 467.7 2.9 -839.5
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Aligned approximately east-west on the central-western side of Manukapua Island (see Figure 2-1),
the 2025 survey of Transect 5 (Figure 3-8) shows steady continuation of trends from prior surveys.
The large foredune has consistently receded at about 18 m/year since profiling started in 1998 with
the crest of the foredune now over 300 m inland of the 1998 location. Similar to the 2023 survey, this
year, the foredune migrated ~10 m landward. The incipient dune (at distances of 50-100 m) has
decreased in height by ~0.75 m since the 2022 survey and remains relatively small (3—3.5 m high by
50 m wide) compared to the main foredune and may be short-lived like the small incipient dunes
which formed and disappeared on Transect 3 and Transect 7. The excursion plot shows the surveyed
foredunes are receding, and that the 2013-2025 surveys have captured a subtle reactivation of the
intertidal beach retreat (located between 0 m and MHWPS elevation) which had stalled from 2005-
2012.

The transect volume remained essentially unchanged from 2017-2025 (Table 3-6) but the cumulative
trend is for a loss of 839.5m3/m since 1998.

3.2.6 Transect 6

Aligned approximately east-west on the central-western side of Manukapua Island (see Figure 2-1),
the 2025 survey of Transect 6 (Figure 3-9) generally shows similar trends to previous surveys, with
gradual retreat of both the dunes and the intertidal beach (between the 0 m contour and MHWPS).

Notable morphological change has occurred in the foredune, which has undergone landward crest
migration of approximately 150 m and a reduction in elevation of 3 m, indicating significant aeolian
deflation and erosion. The foredune has now largely coalesced with the adjacent backdune system,
resulting in a single, broader dune ridge rather than distinct fore- and backdune features.

Some of the sediment loss from the foredune appears to have been redistributed and deposited in
the lee, leading to minor accretion behind the dune crest. Despite this localised reworking, the net
volume change for 2025 shows a loss of 77.1 m3/m in 2025.

Inland of the foredune, the secondary dune ridges and associated interdunal swales are undergoing
gradual reshaping due to inland transport of wind-blown sand. The rearmost dune, located
approximately 400 m inland, has remained relatively stable since the beginning of monitoring.

Despite the foredune losses, the cumulative volume change along this transect indicates an overall
loss of -292.6 m3/m of shoreline sediment (as indicated in Table 3-7), suggesting that while foredune
retreat dominates the seaward edge, it is partially offset by sediment deposition further inland.
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Figure 3-9:

Beach profiles and excursion plots at Transect 6. Top: Beach profiles of distance along transect

elevations for each survey date (colours), with MHWPS (dotted line) and 0 m elevation (thin solid line). Bottom:
Excursion plot showing trend of distance along transect for various elevations through time (colours). Beach

profile locations are shown in Figure 2-1.
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Table 3-7: Beach volumes under Transect 6. Calculated as volume seaward of 0 m cross-shore distance
and above -2.157 m elevation for each surveyed profile.

survey ID VoLume Volume change ~ Cumulative volume change
m3/m m3/m m3/m
1998/1 2920.6 0.0 0.0
1998/2 2955.4 34.9 349
1999/1 2969.2 13.8 48.7
1999/2 3011.7 42.5 91.1
2000/1 2962.2 -49.4 41.7
2000/2 2978.4 16.2 57.9
2001/1 2972.9 -5.5 52.4
2001/2 3020.7 47.8 100.2
2002/1 2996.1 -24.6 75.6
2002/2 2988.0 -8.2 67.4
2003/1 3007.9 19.9 87.3
2003/2 3047.5 39.6 127.0
2004/1 3058.2 10.7 137.6
2004/2 3033.2 -25.0 112.7
2005/1 3002.7 -30.5 82.2
2005/2 3014.2 11.5 93.7
2006/1 3002.0 -12.3 81.4
2006/2 3014.5 12.6 94.0
2007/1 2957.3 -57.3 36.7
2007/2 2978.0 20.7 57.4
2008/1 2974.1 -3.9 53.6
2008/2 2997.6 235 77.1
2009/1 3029.1 314 108.5
2009/2 3024.2 -4.8 103.7
2010/1 2377.5 -646.7 -543.1
2010/2 3073.2 695.7 152.7
2011/1 3101.3 28.1 180.7
2011/2 3355.0 253.7 434.4
2012/1 2872.7 -482.3 -47.9
2012/2 3117.0 244.3 196.4
2013/1 2909.5 -207.4 -11.0
2013/2 3046.6 137.1 126.1
2014 3169.8 1231 249.2
2015 3103.6 -66.1 183.1
2016 3080.1 -23.5 159.5
2017 3063.5 -16.6 142.9
2018 2891.2 -172.2 -29.31
2019 2899.3 8.1 -21.2
2020 2826.1 -73.2 -94.5
2022 2672.9 -153.1 -247.6
2023 2705.058 321 -215.5
2025 2628 -77.1 -292.6
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3.2.7 Transect 7

Aligned approximately east-west on the central-western side of Manukapua Island (see Figure 2-1),
the 2025 survey of Transect 7 (Figure 3-10) shows further recession of the intertidal beach (located
between 0 m and MHWPS elevation) and backshore/dune toe (below 4 m elevation) continues at
about 5 m/year, contributing to a total of ~200 m of landward retreat since 1998.

In 2025, the upper foredune (above 6 m elevation) continues to erode, having lost ~4 m in crest
elevation between the 2022 and 2023 surveys, a following 1 m of elevation has been lost since 2023.

Since 2010 the toe of the foredune (3 m elevation) has receded by 110 m. The onset of this recession
began in 2010 as the intertidal beach had retreated sufficiently to allow waves to undercut the dune
toe at high tide, thereby destabilising the foredune face and exposing more sediment to winds and
currents to transport away from the beach face. Since the last survey this undermining led to
oversteepening and collapse of foredune face. This collapse has allowed the retreat to accelerate,
similar to that seen at Transects 4 and 6. The net loss for the 2025 survey was 182 m3/m (Table 3-8),
this has contributing to the overall loss of 1183.9 m3*/m from 1998-2025.
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Figure 3-10: Beach profiles and excursion plots at Transect 7. Top: Beach profiles of distance along transect
elevations for each survey date (colours), with MHWPS (dotted line) and 0 m elevation (thin solid line). Bottom:
Excursion plot showing trend of distance along transect for various elevations through time (colours). Beach
profile locations are shown in Figure 2-1.
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Table 3-8: Beach volumes under Transect 7. Calculated as volume seaward of 0 m cross-shore distance
and above -1.682 m elevation for each surveyed profile.

survey ID VoLume Volume change ~ Cumulative volume change
m3/m m3/m m3/m
1998/1 2129.1 0.0 0.0
1998/2 2107.9 -21.3 -21.3
1999/1 2080.1 -27.8 -49.1
1999/2 2090.8 10.7 -38.4
2000/1 2089.1 -1.7 -40.1
2000/2 2112.9 23.8 -16.2
2001/1 2103.8 -9.1 -25.4
2001/2 2097.5 -6.2 -31.6
2002/1 2099.3 1.7 -29.9
2002/2 2091.3 -8.0 -37.8
2003/1 2090.0 -1.3 -39.1
2003/2 2079.0 -11.1 -50.2
2004/1 2145.8 66.8 16.7
2004/2 2064.4 -81.4 -64.8
2005/1 2073.5 9.1 -55.7
2005/2 2072.3 -1.1 -56.8
2006/1 2068.2 -4.1 -60.9
2006/2 2077.4 9.2 -51.7
2007/1 2046.8 -30.7 -82.4
2007/2 2039.1 -7.7 -90.1
2008/1 2004.7 -34.3 -124.4
2008/2 1982.6 -22.2 -146.6
2009/1 1984.7 2.2 -144.4
2009/2 1969.5 -15.2 -159.6
2010/1 1935.0 -34.4 -194.1
2010/2 1938.2 3.1 -191.0
2011/1 1994.0 55.9 -135.1
2011/2 1933.9 -60.2 -195.2
2012/1 1935.5 1.6 -193.6
2012/2 1840.7 -94.9 -288.5
2013/1 1962.4 121.7 -166.7
2013/2 1962.1 -0.3 -167.0
2014 1908.0 -54.1 -221.2
2015 1884.9 -23.1 -244.2
2016 1865.3 -19.6 -242.8
2017 1843.4 -21.9 -264.7
2018 1747.3 -96.1 -360.7
2019 1661.8 -85.5 -446.3
2020 1494.7 -167.1 -613.4
2022 1306.1 -188.5 -801.9
2023 1106.3 -199.8 -1001.8
2025 924.2 -182 -1183.9
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3.2.8 Transect 8

Aligned southwest-northeast approximately 1 km from the southern tip of Manukapua Island (see
Figure 2-1), the 2025 survey of Transect 8 (Figure 3-11) shows that there is erosion of the intertidal
beach (located between 0 m and MHWPS elevation) and building of the dune. The differential
recession rates have created a widening backshore area above the high-tide mark (2.5-3 m
elevation) which has slowly widened at 5 m/year since 2012 and is now 100 m wide. The excursion
plot shows that the latest observations are consistent with the recessional trends previously
observed at this transect. The incipient dune which developed (at distances of 50-100 m) following
the 2020 survey, is now ~6 m high by ~65 m wide. The beach ridge with a beach runnel (shallow
depression usually filled with water at higher tides) between the incipient dune and foredune.
Surprisingly, the ridge and runnel combination, which generally would prevent waves break further
offshore and therefore less able to undermine the toe of the dune, has not slowed the foredune
retreat.

The calculated volumes show a decrease in volume of 23.2 m3/m in 2025 contributing to a total
volume loss of 1192.5 m*/m (Table 3-9) since 2008. However, this is a consequence of calculating
changes seaward of the nominated 0 m horizontal datum, when the dune crest and body have
migrated landward but with little change in shape or volume (see Figure 3-11).
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Figure 3-11: Beach profiles and excursion plots at Transect 8. Top: Beach profiles of distance along transect
elevations for each survey date (colours), with MHWPS (dotted line) and 0 m elevation (thin solid line). Bottom:
Excursion plot showing trend of distance along transect for various elevations through time (colours). Beach
profile locations are shown in Figure 2-1. Note Allis et al. (2015) manually adjusted the elevation data of the
2008-2013 beach profiles to be consistent with the 2014-2022 data.
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Table 3-9: Beach volumes under Transect 8. Calculated as volume seaward of 0 m cross-shore distance
and above -2.0 m elevation for each surveyed profile.

Survey ID Volume Volume change Cumulative volume change
m3/m m3/m m3/m
2008/1 1929.3 0.0 0.0
2008/2 1901.9 -27.4 -27.4
2009/1 1920.3 18.4 -9.0
2009/2 1876.7 -43.6 -52.6
2010/1 1957.4 80.7 28.1
2010/2 1938.9 -18.5 9.6
2011/1 1909.7 -29.3 -19.7
2011/2 1863.1 -46.6 -66.3
2012/1 1843.8 -19.3 -85.6
2012/2 1668.8 -175.0 -260.5
2013/1 1878.7 209.9 -50.7
2013/2 1666.1 -212.6 -263.2
2014 1453.4 -212.7 -475.9
2015 1279.1 -174.3 -650.2
2016 1001.0 -278.1 -928.3
2017 901.0 -100.0 -1028.3
2018 753.0 -148.0 -1176.3
2019 743.3 -9.7 -1186.0
2020 659.8 -83.5 -1269.5
2022 650.3 -9.5 -1279.0
2023 760 109.7 -1169.4
2025 736.8 -23.2 -1192.5

3.2.9 Transect9

Aligned southwest-northeast at approximately 500 m from the southern tip of Manukapua Island
(see Figure 2-1), the 2025 survey of Transect 9 (Figure 3-12) indicates a continuation of the long-term
beach and dune recession at rates similar to recent years.

The period of rapid foredune retreat between 2013 and 2017 —where the crest receded at rates of
up to 40 m/year—has slowed markedly to 0-5 m/year in the years since. This deceleration, along
with the stabilisation of the upper intertidal beach (between the 0 m and MHWPS elevations), has
created an expanding backshore platform between elevations of 2—3 m. By 2025, this feature has
widened to approximately 120 m and now supports the early development of a new foredune.

The historic foredune crest, which reached a height of ~14 m in 2005, has migrated landward by
approximately 280 m and now stands at just 9.5 m elevation. However, the 2025 survey shows
development of an incipient foredune approximately 50 m seaward of the current dune crest,
reaching ~4.5 m elevation—suggesting renewed aeolian deposition and dune formation processes.

The upper intertidal beach has also retreated by ~190 m since 1998 but appears to have stabilised
since 2018. The cumulative volumetric change along this transect is =936.7 m3/m (Table 3-10),
although this value only represents the volume change seaward of the fixed 0 m horizontal datum.
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Because the entire beach and dune system has now migrated landward of this reference point (see
Figure 3-11) the 2025 survey-derived change of -6.7 m3/m underrepresents the full extent of
morphological change across the profile.
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Figure 3-12: Beach profiles and excursion plots at Transect 9. Top: Beach profiles of distance along transect
elevations for each survey date (colours), with MHWPS (dotted line) and 0 m elevation (thin solid line). Bottom:
Excursion plot showing trend of distance along transect for various elevations through time (colours). Beach
profile locations are shown in Figure 2-1.
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Table 3-10: Beach volumes under Transect 9. Calculated as volume seaward of 0 m cross-shore distance
and above -1.525 m elevation for each surveyed profile.

survey ID Vol3ume Volume change  Cumulative volume change
m*/m m’/m m3/m
1998/1 1064.3 0.0 0.0
1998/2 1027.5 -36.8 -36.8
1999/1 986.2 -41.3 -78.1
1999/1 447.1 -539.1 -617.2
1999/2 959.7 512.6 -104.6
2000/1 919.5 -40.2 -144.8
2000/2 870.1 -49.4 -194.2
2001/1 766.5 -103.6 -297.8
2001/2 784.1 17.6 -280.2
2002/1 700.6 -83.5 -363.8
2002/2 690.5 -10.1 -373.8
2003/1 641.9 -48.6 -422.4
2003/2 683.2 41.3 -381.1
2004/1 799.1 115.9 -265.2
2004/2 781.8 -17.3 -282.5
2005/1 968.1 186.3 -96.2
2005/2 996.5 28.4 -67.8
2006/1 889.7 -106.8 -174.6
2006/2 1302.9 413.2 238.5
2007/1 1196.0 -106.9 131.7
2007/2 1172.0 -24.0 107.7
2008/1 1119.8 -52.2 55.5
2008/2 996.2 -1235 -68.1
2009/1 1004.6 8.4 -59.7
2009/2 893.9 -110.7 -170.4
2010/1 842.6 -51.3 -221.7
2010/2 956.3 113.7 -108.1
2011/1 806.0 -150.3 -258.3
2011/2 735.5 -70.5 -328.8
2012/1 663.3 -72.2 -401.0
2012/2 841.6 178.2 -222.8
2013/1 803.4 -38.2 -260.9
2013/2 647.6 -155.8 -416.7
2014 312.9 -334.8 -751.5
2015 233.9 -79.0 -830.4
2016 223.7 -10.2 -840.7
2017 208.9 -14.7 -855.4
2018 137.6 -71.3 -926.7
2019 133.9 -3.8 -930.4
2020 120.0 -13.9 -944.4
2022 62.8 -57.2 -1001.6
2023 120.9 58.2 -943.4
2025 127.7 6.7 -936.7
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3.2.10 Transect 10

Extending southeast towards Tauhoa Channel from the southern tip of Manukapua Island (see Figure
2-1), the 2025 survey of Transect 10 (Figure 3-14) shows continued trends from prior surveys. The
total 2025 volume change was (-419 m3/m), contributing to a total volume loss of =572 m3/m since
surveys began.

Transect 10 lies at a highly dynamic location on the island’s southern extremity, where the land
narrows to less than 50 m in width (see Figure 2-1 This area is oriented perpendicular to the
dominant west—southwest wind, wave, and tidal current conditions in the Tauhoa Channel. These
forcing conditions promote both alongshore and cross-shore sediment transport, resulting in
frequent reworking of the beach profile and high year-to-year variability in the surveyed transect.
Volume changes of +150 m3/m between surveys are common, reflecting the inherently mobile
nature of this sandspit environment.

Historically, a foredune up to 6 m high was present in 2014 but was eroded during 2018-2019,
coinciding with a northward shift in the Tauhoa Channel. Since 1998, the southern tip of the island in
this region has receded eastward by up to 300 m (as also shown in Transect 9, Figure 3-12). The
beach and sandspit have now migrated well away from the original coordinates of Transect 10, which
no longer intersects any established dune features. The transect now effectively intersects only the
intertidal and subtidal beach profile, capturing the southern shoreline position and its interaction
with the Tauhoa Channel.

The 2025 profile shows continued low, narrow morphology with limited vertical relief and no
evidence of foredune re-establishment. These observations confirm that Transect 10, in its current
position, no longer reflects the evolving dune—beach system of the island’s southern tip.

With six biannual DTM surveys now available (from 2020-2025), we recommend repositioning
Transect 10 approximately 150 m eastward along the same orientation. This would allow the transect
to once again intersect the active shoreline and potentially capture any future foredune
development or changes associated with further channel migration. A reanalysis of the full DTM
dataset along the new transect alignment is also recommended to ensure consistency in long-term
monitoring.
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Figure 3-13: Close-up view of Transect 10 on southern tip of Manukapua Island with 2018 aerial photo.
Black line indicates transect orientation. 100 m squares for scale.
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Figure 3-14: Beach profiles and excursion plots at Transect 10. Top: Beach profiles of distance along
transect elevations for each survey date (colours), with MHWPS (dotted line) and 0 m elevation (thin solid line).
Bottom: Excursion plot showing trend of distance along transect for various elevations through time (colours).
Beach profile locations are shown in Figure 2-1.
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Table 3-11: Beach volumes under Transect 10.Calculated as volume seaward of 0 m cross-shore distance and
above -2.0 m elevation for each surveyed profile.

Survey ID Volsume Volume change  Cumulative volume change
m3/m m3/m m3/m
2008/1 1122.5 0.0 0.0
2008/2 1127.6 5.1 5.1
2009/1 1120.8 -6.8 -1.6
2009/2 1106.3 -14.5 -16.1
2010/1 1256.8 150.5 1343
2010/2 1157.1 -99.7 34.6
2011/1 1191.9 34.8 69.5
2011/2 1148.3 -43.6 25.9
2012/1 1120.0 -28.3 -2.5
2012/2 942.1 -177.9 -180.4
2013/1 978.2 36.1 -144.3
2013/2 1030.5 52.3 -91.9
2014 1104.4 73.9 -18.1
2015 1257.8 153.4 135.3
2016 1327.2 69.4 204.7
2017 1283.7 -43.5 161.2
2018 1109.6 -174.1 -12.9
2019 898.7 -210.9 -223.8
2020 920.1 21.4 -202.4
2022 868.4 -51.7 -254.0
2023 969.5 101.1 -152.9
2025 550.5 -419 -572

3.3 Island-wide trends

The data from excursion plots were converted into a timeseries of coordinates for each transect and
overlaid on the 2025 orthophoto image (Figure 3-15 to Figure 3-19). Combining the geographic
positions of the elevation contours on each transect generalises the survey results and illustrates the
changing shape of the western flank of the Island.

The elevation contours shown in Figure 3-15 to Figure 3-17 represent the intertidal beach with AVD-
46 contours of -1 m, 0 m and +2 m to approximate a low tide, MSL (0.23 m) and MHWPS (1.90 m).
These contours encompass the elevations typically used to define land area, and also represent the
part of the beach exposed to waves and nearshore currents over each tidal cycle. The results show
the ongoing trend of landward retreat of the intertidal beach along the whole western flank of the
Manukapua Island, however the northern end of the Island is migrating eastwards at the greatest
rate (Transects 2 and 3) and the southern end is also migrating eastwards but at a slower rate
(Transects 7-9), while the central section (e.g., Transects 5-6). is retreating at a rate slower than that
observed at the northern and southern ends of the island. The intertidal beach over the northern and
south tips of the Island (Transects 1 and 10) have remained relatively static over the period which
surveys have been collected. However, it is not possible from the transects to determine if the whole

Kaipara Harbour sand extraction monitoring programme 53



island has decreased in area or volume as no survey information is available for the eastern flank of
the island.

The elevation contours shown in Figure 3-18 and Figure 3-19 are +4 m and +7 m AVD-46, respectively
representing the position of the mid and upper foredune face along the western flank of the island.

These contours indicate the areal extent of the dune systems which are largely subject only to wind-
driven sand transport (i.e., above the wave-uprush limit). The figures show that dunes which grow to
an elevation of 4 m are common across the island, but dunes growing past 7 m elevation are less
common (the tallest dunes are typically 10 m elevation but have reached 14 m in the past on
Transects 6, 7 and 9). Figure 3-18 also shows a near-stationary dune toe in the north and centre of
the island (Transects 1-3, 6-7) contrasted with complete loss of a foredune in the mid-northern
(Transects 4-5) and the southern sections (Transects 8-9). As previously mentioned, it is not possible
to determine if the whole island has decreased in area or volume as no survey information is
available for the eastern flank of the island.

Erosion and retreat of the foredunes at Transects 4 and 6 has resulted in a large landward movement
of the +7 m contour in the 2022, 2023 and similarly in the recent 2025 survey. Comparing the island
shape trends from the intertidal elevations (-1 m, 0 m and +2 m) with the dune elevations (+4), there
is a contrast between the widespread intertidal beach retreat along the whole western flank and the
localised retreat of the foredunes in the mid-northern and southern areas.
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Figure 3-15: Location of the -1 m AVD-46 contour on western flank of Manukapua Island from beach profile
surveys. The distance along transect from excursion plots (see beach profile figures above) were converted to
Mt Eden 2000 coordinates and plotted for each survey date. Transects 3, 5-7 and 9 have data from 1998-2016,
others from 2008-2016 only. Background aerial image dated 11-Jan-2025. Note the points offshore from the
island are from surveyed sandbanks or shoals which have risen to above -1 m elevation. As with 2019, 2020,
2022 and 2023 the 2025 survey did not extend below -1 m elevation and is hence not plotted. Background
bathymetric chart NZ4265 [Chart credit: LINZ].
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Figure 3-16: Location of the 0 m AVD-46 contour on western flank of Manukapua Island from beach profile
surveys. The distance along transect from excursion plots (see beach profile figures above) were converted to
Mt Eden 2000 coordinates and plotted for each survey date. Transects 3, 5-7 and 9 have data from 1998-2016,
others from 2008-2016 only. Background aerial image dated 11-Jan-2025. Background bathymetric chart
NZ4265 [Chart credit: LINZ].
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Location of the 2 m AVD-46 contour on western flank of Manukapua Island from beach profile
surveys. The distance along transect from excursion plots (see beach profile figures above) were converted to
Mt Eden 2000 coordinates and plotted for each survey date. Transects 3, 5-7 and 9 have data from 1998-2016,
others from 2008-2016 only. Background aerial image dated 11-Jan-2025. Background bathymetric chart
NZ4265 [Chart credit: LINZ].
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bathymetric chart NZ4265 [Chart credit: LINZ].
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Location of the 4 m AVD-46 contour on western flank of Manukapua Island from beach profile
surveys. The distance along transect from excursion plots (see beach profile figures above) were converted to
Mt Eden 2000 coordinates and plotted for each survey date. Transects 3, 5-7 and 9 have data from 1998-2016,
others from 2008-2016 only. Note the points offshore from the island are from surveyed sandbanks or shoals
which have previously been to above 4 m elevation. Background aerial image dated 11-Jan-2025. Background
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Location of the 7 m AVD-46 contour on western flank of Manukapua Island from beach profile
surveys. The distance along transect from excursion plots (see beach profile figures above) were converted to
Mt Eden 2000 coordinates and plotted for each survey date. Transects 3, 5-7 and 9 have data from 1998-2016,
others from 2008-2016 only. Background aerial image dated 11-Jan-2025. Background bathymetric chart
NZ4265 [Chart credit: LINZ].
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3.4 Seabed transects

The 13 seabed transects surveys in 2025 are shown in Figure 3-20 to Figure 3-29. Vertical elevations
are to AVD-46 datum and horizontal distances are calculated as along-transect distance from the
each transects origin location (see Figure 2-1, coordinates of the transects are presented in Table
A-1, Appendix A).

Survey results are presented in a north to south sequential order, with analysis and interpretation for
each transect including:

1. The complete transect survey set to overview of the range of seabed positions since
surveying began. These are shown as elevations and cross-shore positions for each
survey date.

2. The volume of sand contained under each profile as calculated for the area seaward of
the zero-horizontal position (e.g., 0 m) and above a nominated vertical elevation (e.g.,
-20 m AVD-46). The table shows calculated volumes and volume changes between
survey dates, and cumulative changes over the whole survey period.

3. A descriptive evaluation of geomorphic changes to the transect. This identifies key
transect features, the consistency of each feature with prior surveys and measured
changes, along with the appearance of any new trends or features.

The seabed portion of Transects 1-10 have survey data from 2014-present, with Transects 11-13
having survey data from 2008-present. However, Transects 3-8 are closely aligned to older transects
surveyed from 2008-2014 (near Transect 4) or 2010-2014 (near Transects 3, 5-8) which were
replaced by the present transects as direct extensions to the beach transects. These older surveys
are included in the following evaluation of seabed changes as they are approximately parallel to, and
150-250 m offset from the location of the current-day transects (see Figure 2-1).

The most recent (2025) beach profile survey is also included within the seabed transect figures as a
link to the on-land portion of each transects (see Section 3.2 for the results, and Section 4.2 for the
discussion of the beach profiles). Typically, beach and seabed transects are collected in close
succession to ensure good spatial and temporal overlap. However, in this instance, weather
conditions, tidal constraints, and equipment availability resulted in the beach transects and aerial
imagery being collected in January, while the seabed surveys were conducted in May. Despite the
timing difference between surveys, the subtidal portion of the beach transects, and seabed transects
align reasonably well, indicating limited morphological change in the intervening period.
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Figure 3-20: Beach and seabed profiles at Transect 1. Profile location shown in Figure 2-1 and transect
coordinates in Table A-1.

Extending north from the northern tip of Manukapua Island (see Figure 2-1), the 2025 seabed survey
of Transect 1 (Figure 3-20) shows the subtidal channel and intertidal sand banks are consistent in
shape and depth to the 2014, 2016, 2018, 2020 and 2022 surveys. A loss of 1119 m3/m of seabed
material has occurred which corresponds to a decrease in elevation of 57.2 cm over the 2 km
transect (Table 3-12). A longer survey record would be required to explain these changes in context
to the large-scale sediment movement within Kaipara Harbour.

Table 3-12: Seabed volumetric changes for Transect 1. Average depth change and total volume change as
measured over the transect length for the specified survey interval.

Transect length Average depth  Total volume Cumulative
Survey Interval (m) change change volume change Comments
(cm) (m3/m) (m3/m)
2014-2016 1880 -13.9 -261 -261 Surveys initiated 2014
2016-2018 1980 -17.4 -345 -606
2018-2020 2260 -20.4 -461 -1067
2020-2022 1980 22.4 448 -619
2022-2025 1955 -57.2 -1119 -1738
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3.4.2 Transect 2
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Figure 3-21: Beach and seabed profiles at Transect 2. Profile location shown in Figure 2-1 and transect
coordinates in Table A-1. Aligned northwest-southeast on the northern tip of Manukapua Island (see
Figure 2-1), the 2025 survey of Transect 2 (Figure 3-21) shows the subtidal channels and intertidal
sand banks are consistent in shape and depth to the previous surveys. A loss of 699 m3/m of seabed
material has occurred since 2016 which corresponds to a decrease in elevation of 29.9 cm over the
1.7 km transect (Table 3-13). Some of the observed sediment loss may be partially attributed to a
reduction in transect length during the most recent survey period. A longer survey record would be
required to explain these changes in context to the large-scale sediment movement within Kaipara
Harbour.

Table 3-13: Seabed volumetric changes for Transect 2. Average depth change and total volume change as
measured over transect length for survey interval.

Average depth  Total volume Cumulative
Transect length 8 P

Survey Interval (m) change change volume change Comments
(cm) (m?/m) (m3/m)
2014-2016 2 005 0 0 0 Surveys initiated 2014
2016-2018 2 005 -10 -199.9 -199.9
2018-2020 2020 -29.7 -600.1 -800
2020-2022 1970 -12.4 -244.9 -1044.9
2022-2025 1420 -29.9 -424.1 -699.0 transect shortened due to sea state
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3.4.3 Transect 3
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Figure 3-22: Beach and seabed profiles at Transect 3 with comparison to prior surveys on the closely
aligned* Transect 1,. Profile location shown in Figure 2-1 and transect coordinates in Table A-1. *Surveyed on
Transect 1, as approximately parallel to and 200 m south of Transect 3.

Aligned approximately east-west from the north western side of Manukapua Island (see Figure 2-1),
the 2025 survey of Transect 3 (Figure 3-22) shows the steady continuation of seabed changes to the
subtidal channels and intertidal sand banks since 2014, and since 2010 when taking into account
prior surveys from the nearby Transect 1, (2010-2014).

Approximately 1169 m3/m of material has accumulated over 2022-2025 which corresponds to an
average of -110.8 cm erosion across the 1.7 km transect (Table 3-14). The cumulative volume change
since 2010 is -2052 m3/m. The greatest contribution to the loss of volume over 2010-2025 is driven
by the slow easterly (inshore) migration of the Otamatea Channel (chainage distance along transect
>2300m) by ~250 m. Over this time the nearshore channel (Ch. 1250-1550m) has narrowed by

~160 m by infilling from the seaward side where the deposited sand appears to have eroded from
the Otamatea Channel as it is transported by the prevailing onshore wave and current direction. The
upper intertidal banks (within 1 km of the shore) have accumulated and built out since 2016 and are
now well above MLWPS.
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Table 3-14: Seabed volumetric changes for Transect 3. Average depth change and total volume change as
measured over the transect length for the specified survey interval.

Transect length Average depth  Total volume Cumulative
Survey Interval (m) J change change volume change Comments
(cm) (m3/m) (m3/m)
2010-2011 2235 0.3 6 6
2011-Mar 2012 2135 3.0 64 71
Mar 2012-Nov 2012 2185 -3.8 -83 -13
Nov 2012-2014 2220 13.9 309 296 Alignment change from Transect 1,
2014-2016 2 065 -10.7 -221 176
2016-2018 2160 -47.4 -1024 -45
2018-2020 2225 -36.5 -813 -1882
2020-2022 1345 74.3 1000 -882
2022-2025 1055 -110.8 -1169 -2025 Too shallow to navigate full transect
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Figure 3-23: Beach and seabed profiles at Transect 4 with comparison to prior surveys on the closely
aligned* Transect 2, and 2,. Profile location shown in Figure 2-1 and transect coordinates in Table A-1.
*Surveyed on Transect 2, and 2, as approximately parallel to and 200 m north of Transect 4

Aligned east-west on the north western side of Manukapua Island (200 m south of Transect 3, see
Figure 2-1), the 2025 survey of Transect 4 (Figure 3-23) shows the steady continuation of seabed
changes to the subtidal channels and intertidal sand banks since 2014, and since 2008 if including
prior surveys from the Transect 2, and 2, (2008-2014).
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About 3,010 m*/m material eroded from 2022-2025 which corresponds to an average of 128.9 cm
elevation decrease across the 2.3 km transect (Table 3-15).

The inner subtidal channel (1,200 m) which was between the two sand shoals is now completely
infilled. The central channel (Ch. 1,500-2,000) has decreased in width by 100 m and deepened. There
is a shoreward migration of the entire profile, driven by the deposition of sand transported by the
prevailing onshore waves and current.

Lady Franklin Banks (Ch. 2.5-3 km) showed signs of progradation and widening in the 2022 survey.
This landward propagation continued in 2025 survey and was accompanied by a reduction in bank
elevation. However, this apparent reduction may not reflect true morphological change, as wave
breaking and rough sea conditions during the 2025 survey introduced significant uncertainty. These
conditions likely affected vessel positioning and transect alignment, making it difficult to reliably
capture the full elevation profile.

Table 3-15: Seabed volumetric changes for Transect 4. Average depth change and total volume change as
measured over the transect length for the specified survey interval.

Transect length Average depth Total volume Cumulative
Survey Interval (m) change change volume change Comments
(cm) (m3/m) (m3/m)
2008-2010 2300 -9.9 -227 -227
2010-2011 2,300 115 264 38
2011-Mar 2012 1840 -4.8 -89 -51
Mar 2012-Nov 2012 1515 17.7 268 217
Nov 2012-2014 1965 75 147 363 Alignment change from Transect 2,
and 2,
2014-2016 2175 24.0 523 886
2016-2018 2320 343 796 1682
2018-2020 2 240 17.0 380 2 062
2020-2022 2 240 89 1993 4 055
2022-2025 rough sea conditions over Lady
2335 -128.9 -3010 1045 Franklin Bank
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3.4.5 Transect5
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Figure 3-24: Beach and seabed profiles at Transect 5 with comparison to prior surveys on the closely
aligned* Transect 3,. Profile location shown in Figure 2-1 and transect coordinates in Table A-1.
*Surveyed on Transect 3y as approximately parallel to and 200 m south of Transect 5. Straight line in
the 2025 profile data is due to the gap illustrated in Figure 2-3.

Aligned east-west on the central western side of Manukapua Island (250 m south of Transect 4, see
Figure 2-1), the 2025 survey of Transect 5 (Figure 3-24) shows the steady continuation of seabed
changes to the subtidal channels and intertidal sand banks since 2014, and since 2010 if including
prior surveys from the nearby Transect 3, (2010-2014).

Similar to Transect 4, Transect 5 could not be safely navigated across Lady Franklin Bank due to wave
activity. As a result, no data were collected between 2000 m and 3500 m along the transect, creating
a gap over the bank crest and upper slope.

Small localised bedform movement has occurred along the transect length with a general landward
(eastward) migration of these bedform features, coinciding with the direction of the prevailing
westerly winds.

Note that the alignment change, and 150 m offset from Transect 3} to Transect 6 (2011 — 2014)
resulted in the large volume change evident in Table 3-16, however the ongoing trend is readily
apparent.
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Table 3-16: Seabed volumetric changes for Transect 5. Average depth change and total volume change as
measured over the transect length for the specified survey interval.

Transect length Average depth  Total volume Cumulative
Survey Interval (m) change change volume change Comments
(cm) (m3/m) (m3/m)
2010-2011 2 880 13.0 374 374
2011-Mar 2012 2125 9.1 -192 182
Mar 2012-Nov 2012 2125 -3.8 -80 102
Nov 2012-2014 2 445 -14.7 -360 -259 Alignment change from Transect 3,
2014-2016 2335 14.4 336 78
2016-2018 3165 -27.1 -857 -780
2018-2020 2620 -56.4 -1479 -2259
2020-2022 2550 77.4 1973 -286
2022-2025 2 465 -60.4 -1490 -1776 Too shallow to navigate full transect
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3.4.6 Transect 6
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Figure 3-25: Beach and seabed profiles at Transect 6 with comparison to prior surveys on the closely
aligned* Transect 4,. Profile locations shown in Figure 2-1 and transect coordinates in Table A-1. *Surveyed on
Transect 4y, as approximately parallel to and 150m south of Transect 6.

Aligned east-west on the central western side of Manukapua Island (400 m south of Transect 5, see
Figure 2-1), the 2025 survey of Transect 6 (Figure 3-25) shows the steady continuation of seabed
changes to the subtidal channel and intertidal sand banks since 2014, and since 2010 if including
prior surveys from the nearby Transect 4, (2010-2012).

A change in volume of -2719 m3/m was observed from 2022-2025 which corresponds to an average
change in depth of 105 cm along the 2.8 km transect (Table 3-17). The recent loss continues the
trend since 2010 associated with the gradual inshore (easterly) migration of the main offshore
channel (Ch. 2,000—3,500m) the prevailing sand transport direction. The annual migration is
typically 50 m per year for depths greater than 4 m with minor changes at shallower depths.

Note that the alignment change and 150 m offset from Transect 4, to Transect 6 (Nov 2012 — 2014)
resulted in the large volume change evident in Table 3-17, however the ongoing trend is readily
apparent.
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Table 3-17: Seabed volumetric changes for Transect 6. Average depth change and total volume change
as measured over the transect length for the specified survey interval.

Transect length Average depth  Total volume Cumulative
Survey Interval (m) g change change volume change Comments
(cm) (m3/m) (m3/m)
2010-2011 3070 -14.2 -436 -436
2011-Mar 2012 2740 -3.1 -85 -521
Mar 2012-Nov 2012 2820 -10.9 -309 -830
Nov 2012-2014 2710 -39.9 -1081 -1911 Alignment change from Transect 4,
2014-2016 3060 -24 -74 -1985
2016-2018 2 820 -8.4 -236 -2221
2018-2020 2 835 -21.7 -615 -2 836
2020-2022 2335 109.3 2552 -284
2022-2025 2575 -105.6 -2719 -3 004
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Figure 3-26: Beach and seabed profiles at Transect 7 with comparison to prior surveys on the closely
aligned* Transect 5,. Profile locations shown in Figure 2-1 and transect coordinates in Table A-1. *Surveyed

on Transect 5, as approximately parallel to and 150 m south of Transect 7.Aligned east-west on the
southern half of Manukapua Island (600 m south of Transect 6, see Figure 2-1), the 2025 survey of
Transect 7 (Figure 3-26) shows the steady continuation of seabed changes to the subtidal channel
and intertidal sand banks since 2014, and since 2010 if including prior surveys from the nearby
Transect 5, (2010-2012).
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Between 2022 and 2025, an estimated 3,981 m? of sediment was lost along the 2.9 km transect,
corresponding to an average change in the seabed elevation of approximately 133 cm (Table 3-18).
This reduction in sand volume reflects changes to the offshore channel bank at depths greater than 5
m. While the main offshore channel continues to migrate landward (eastward), the rate of migration
appears to have slowed in the most recent survey.

Note that the alignment change and 150 m offset from Transect 5, to Transect 7 resulted in the large
volume change in evident in Table 3-18.

Table 3-18: Seabed volumetric changes for Transect 7. Average depth change and total volume
change as measured over the transect length for the specified survey interval.

Transect length Average depth  Total volume Cumulative
Survey Interval (m) change change volume change Comments
(cm) (m3/m) (m3/m)
2010-2011 3250 -3.9 -127 -127
2011-Mar 2012 3010 -1.7 -51 -177
Mar 2012-Nov 2012 3020 -9.0 -271 -448
Nov 2012-2014 3020 -14.9 -449 -898 Alignment change from Transect 5,
2014-2016 2990 7.2 217 -681
2016-2018 2 845 -14.0 -398 -1078
2018-2020 2970 15.1 440 -638
2020-2022 2985 81.9 2445 1806
2022-2025 2985 -133.4 -3981 -2174
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3.4.8 Transect 8
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Figure 3-27: Beach and seabed profiles at Transect 8 with comparison to prior surveys on the closely
aligned* Transect 6,. Profile locations shown Figure 2-1 and transect coordinates in Table A-1. *Surveyed

on Transect 6y, as approximately parallel to and 150m south of Transect 8.Aligned northeast-southwest at
1 km from the southern extent of Manukapua Island (400 m south of Transect 7, see Figure 2-1), the
2025 survey of Transect 8 (Figure 3-27) shows the steady continuation of seabed changes to the
subtidal channel and intertidal sand banks since 2014, and since 2010 if including surveys from the
nearby Transect 6, (2010-2012).

A loss of 982 m3/m of sediment along the transect was observed between 2022 and 2025,
corresponding to an average increase in the water depth of approximately 51 cm along the 3.3 km
transect (Table 4.21). Similar to Transect 7, the decrease in sand volume is attributed to erosion of
the offshore channel bank at depths below 5 m. Despite this recent loss, the cumulative increase in
sand volume since 2010 remains positive, with a net gain of 843 m3/m

Note that the alignment change, and 150 m offset from Transect 6, to Transect 8 resulted in the
large volume change evident in Table 3-19.

Table 3-19: Seabed volumetric changes for Transect 8. Average depth change and total volume change as
measured over the transect length for the specified survey interval.

Average depth  Total volume Cumulative

Transect length

Survey Interval (m) change change volume change Comments
(cm) (m3/m) (m3/m)
2010-2011 3060 6.5 200 200
2011-Mar 2012 3055 -1.4 -43 156
Mar 2012-Nov 2012 3045 -7.6 -231 -75
Nov 2012-2014 2780 -9.1 -254 -329 Alignment change from Transect 6,
2014-2016 3540 17.7 625 296
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Aver h Total volum Cumulative
Transect length verage dept otal volume

Survey Interval (m) change change volume change Comments
(cm) (m3/m) (m3/m)
2016-2018 3300 -11.7 -387 -91
2018-2020 3320 -31.0 -1031 -1122
2020-2022 2 895 103.8 2938 1816
2022-2025 2 640 -51.7 -982 834
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Figure 3-28: Beach and seabed profiles at Transect 9. Profile location shown in Figure 2-1 and transect
coordinates in Table A-1. Aligned northeast—southwest and located approximately 500 m south of the
southernmost extent of Manukapua Island (500 m south of Transect 8, see Figure 2-3), the 2025
survey of Transect 9 (Figure 3-28) indicates that the subtidal channel and intertidal sand banks
remain consistent in shape and depth compared to previous surveys. A volume loss of 1,297 m?3
between 2022 and 2025 offsets the 1,180 m?3 gain recorded from 2020 to 2022, resulting in a
cumulative volume change of 1,299 m3 since 2014 over the 3.3 km transect. The 2022-2025 loss
corresponds to an average seabed elevation decrease of approximately 59 cm over the 3.44 km
length (Table 3-20). This net volume reduction is largely attributed to changes on the subtidal flats,
particularly between chainages 1,000 and 2,000 m.
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Table 3-20: Seabed volumetric changes for Transect 9. Average depth change and total volume change as
measured over the transect length for the specified survey interval.

Transect length Average depth  Total volume Cumulative
Survey Interval (m) J change change volume change Comments
(cm) (m3/m) (m3/m)
2014-2016 3440 30.9 1063 1063 Surveys initiated 2014
2016-2018 3345 -29.4 -982 81
2018-2020 2710 49.2 1334 1415
2020-2022 2 820 41.8 1180 2595
2022-2025 2175 -59.6 -1297 1299
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Figure 3-29: Beach and seabed profiles at Transect 10. Profile location shown in Figure 2-1 and transect
coordinates in Table A-1. Extending southeast from the southernmost extent of Manukapua Island (see
Figure 2-1), the 2025 survey of Transect 10 (Figure 3-29) shows that the channel and bank
morphology remain consistent in shape and depth compared to previous surveys. The deep channel
separating Manukapua Island from Tauhoa Banks has remained stable in both depth and width since
the initial survey in 2014. A small net increase in volume of 610 m® was recorded between 2022 and
2025 (Table 3-21). A longer survey record will help place these short-term changes in the context of
broader sediment dynamics and large-scale movement within Kaipara Harbour.
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Table 3-21: Seabed volumetric changes for Transect 10. Average depth change and total volume change as
measured over the transect length for the specified survey interval.

Transect length Average depth  Total volume Cumulative
Survey Interval (m) J change change volume change Comments
(cm) (m3/m) (m3/m)
2014-2016 1275 61.3 781 781 Surveys initiated 2014
2016-2018 1250 6.1 77 858
2018-2020 1320 -13.4 -176 682
2020-2022 1375 -49.7 -683 -1
2022-2025 1360 449 611 610
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Figure 3-30: Seabed profiles at Transect 11 (Tauhoa Banks). Profile location shown in Figure 2-1 and
transect coordinates in Table A-1.

To the south of Manukapua Island and crossing the Tauhoa Channel to Tauhoa Banks, the 2025
survey of Transect 11 (Figure 3-30) displays a consistent seabed profile to that of prior surveys and
nearby transects.

The 2025 survey shows an overall small amount of shallowing of the Tauhoa Channel and Tauhoa
Banks with a volume gain of 117 m3/m since 2022, an average accumulation of 6.5 cm. Since 2008
over the 1.9 km transect (Table 3-22) the net volume accumulation is 1,590 m3. The sand has
predominantly accumulated on the southern flank of Tauhoa Banks (Ch. 1,900) and within the main
channel (Ch. 750-1,550), with smaller losses on the inshore flank (Manukapua Island side) of the
main channel. Overall, the Tauhoa Channel dimensions are consistent at a maximum depth of 15 m
and the channel is approximately 1 km wide (relative to mean sea level). The Tauhoa Banks rise to -
1.0 m (AVD-46) and therefore will be exposed during spring low tides.
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Table 3-22: Seabed volumetric changes for Transect 11. Average depth change and total volume change as
measured over the transect length for the specified survey interval.

Transect length Average depth  Total volume Cumulative
Survey Interval (m) J change change volume change Comments
(cm) (m3/m) (m3/m)
2008-2010 1195 6.3 120 120 2008-2010 for depths < 10m only
2010-2011 1885 4.1 77 197
2011-Mar 2012 1885 11.3 214 411
Mar 2012-Nov 2012 1980 1.4 27 438
Nov 2012-2014 1900 -4.0 -76 361
2014-2016 1865 40.3 822 1183
2016-2018 1930 5.7 110 1226
2018-2020 1925 12.5 241 1467
2020-2022 1905 0.3 7 1473
2022-2025 1790 6.5 117 1590
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Figure 3-31: Seabed profiles at Transect 12 (Tauhoa Banks). Profile location shown in Figure 2-1 and
transect coordinates in Table A-1. To the south of Manukapua Island and crossing the Tauhoa Channel
to Tauhoa Banks, the 2025 survey of Transect 12 (Figure 3-31) displays consistent characteristics to
prior surveys and to the adjacent transects. The 2025 survey shows an overall increase in the volume
of Transect 12 of 77 m3/m which corresponds to an 8 cm increase in depth over the 1.5 km transect.
The net volume gain since 2008 is 602 m3. The main shifts in sand volume are slight reduction in
volume from the northern flank of Tauhoa Banks (Ch. 800-1,100) and an increase on the southern
flank (Ch. 1,200-1,600). These changes are also consistent with Transect 11 which also extends across
Tauhoa Banks (Table 3-23).
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The maximum width of the Tauhoa Channel of around 1 km has remained largely consistent over the
survey period, as has the maximum depth a 17 m. The small ‘step’ feature observed at a depth of 14
m (Ch. 250 m) within the channel in 2014 has since infilled. The Tauhoa Banks rise to - 1.5 m AVD-46
and therefore will be exposed during spring low tides. (while not shown here google earth image

shows Tauhoa Banks exposed at low tide).

Table 3-23: Seabed volumetric changes for Transect 12. Average depth change and total volume change as

measured over the transect length for the specified survey interval.

Transect length Average depth  Total volume Cumulative
Survey Interval (m) change change volume change Comments
(cm) (m3/m) (m3/m)
2008-2010 800 -0.9 -14 -14 2008-2010 for depths < 10m only
2010-2011 1535 -6.7 -104 -117
2011-Mar 2012 1535 2.6 40 -77
Mar 2012-Nov 2012 1535 -4.0 -61 -139
Nov 2012-2014 1535 -3.6 -56 -195
2014-2016 1510 52.8 797 602
2016-2018 1510 -8.0 -121 482
2018-2020 1515 18.9 125 768
2020-2022 1535 -15.9 -243 525
2022-2025 1005 7.7 77 602
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3.4.13 Transect 13
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Figure 3-32: Seabed profiles at Transect 13 (Tauhoa Banks). Profile location shown in Figure 2-1 and
transect coordinates in Table A-1. The variation in elevation for 2014 is due to tidal currents and winds
deflecting the survey vessel as illustrated in Figure 2-3.

South of Manukapua Island along Tauhoa Banks, the 2025 survey of Transect 13 (Figure 3-32)
indicates an overall seabed shallowing of 43 cm since the 2022 survey. Accumulation has occurred
along most of the transect, with the greatest shallowing observed at the eastern end between
chainages 1000 and 1200 m. The total volume change since 2008 is 3,352 m3, equivalent to an
average of approximately 16 cm of vertical accumulation per year if evenly distributed across the 1.2
km transect (Table 3-24). This pattern of sedimentation is also reflected at the seaward ends of
Transects 11 and 12, which intersect Transect 13 at chainages 130 m and 800 m, respectively (see
Figure 2-1).

Table 3-24: Seabed volumetric changes for Transect 13. Average depth change and total volume change as
measured over the transect length for the specified survey interval.

Transect length Average depth  Total volume Cumulative
Survey Interval (m) change change volume change Comments
(cm) (m*/m) (m3/m)
2008-2010 1215 7.5 91 91 2008-2010 for depths < 10m only
2010-2011 1215 -13.6 -165 -74
2011-Mar 2012 1215 1.9 23 -51
Mar 2012-Nov 2012 1215 3.2 38 -13
Nov 2012-2014 1175 32.4 380 368 Survey vessel influenced by
2014-2016 1175 51.1 600 968 waves/currents (2014 only)
2016-2018 1215 73.8 897 1865
2018-2020 1215 109.8 1335 3229
2020-2022 1215 -30.5 -370 2829
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Aver h Total volum Cumulative
Transect length verage dept otal volume

Survey Interval (m) change change volume change Comments
(cm) (m3/m) (m3/m)
2022-2025 1215 43 523 3352

3.5 Satellite Bathymetry and Digital Elevation Model Results

3.5.1 Satellite derived bathymetry

Satellite-derived bathymetry, shown in Figure 4-33, provides good coverage for depths less than 6
meters, however, data beyond this depth was found to be unreliable.
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Figure 3-33: Satellite derived bathymetry for the sub-tidal area around Manukapua Island. Colour scale
represents depths relative to MSL derived from the Pouto Point tide gauge.
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, shows a comparison between satellite-derived bathymetry and single-beam survey data along
Transect 1 single-beam data from both the 2022and 2025 is presented. The satellite-derived data
generally aligns well with the survey measurements in shallow areas. However, no data were
collected below depths of 3 m between the 500-800 m chainage, and similarly, no data were
available in the intertidal zone around the 1500-1750 m mark where the seabed dries at low tide.
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Figure 3-34: Satellite derived bathymetry data extracted along bathymetry transect 1. The black line
represents the satellite-derived bathymetry, while the pink and blue lines show the single-beam bathymetry
data from the 2025 and 2022 surveys, respectively.
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Figure 3-35, presents the comparison along Transect 6, covering the range from 250-2000 m. The
satellite-derived bathymetry closely aligns with the survey data in shallow areas but starts to diverge
as the depth increases.
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Figure 3-36, illustrates satellite-derived bathymetry along Transect 13. In shallow water between
500-1250 m chainage, there is close agreement between satellite-derived and single-beam
bathymetry, this is particularly evident when the satellite-derived bathymetry is compared to the
2022 single-beam survey. However, between chainages 100 and 500 m distances along the transect,
where the seafloor is deeper than -3 m, the satellite-derived data show poorer correspondence with
the surveyed bathymetry.
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Figure 3-35: Satellite derived bathymetry data extracted along bathymetry Transect 6. The black line
represents the satellite-derived bathymetry, while the pink and blue lines show the single-beam
bathymetry data from the 2025 and 2022 surveys, respectively.
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Figure 3-36: Satellite derived bathymetry data extracted along bathymetry Transect 13. The black line
represents the satellite-derived bathymetry, while the pink and blue lines show the single-beam
bathymetry data from the 2025 and 2022 surveys, respectively.

3.5.2 Satellite derived DEM

Figure 3-37, shows the satellite-derived DEM for Manukapua Island. Similar to the satellite

bathymetry, it provides good spatial coverage, capturing most of the intertidal area that separates
the island from the mainland.
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Figure 3-37: Satellite Digital Elevation Model (DEM) for Manukapua Island. Colour scale represents
elevation relative to NZVD2016.

Figure 3-38 illustrates the satellite-derived elevation profile for Transect 1. The satellite data
underpredicts elevation across much of the transect when compared to the 2023 and 2025 LiDAR
surveys, which are in strong agreement with each other. This suggests a systematic offset issue in the
satellite-derived elevation at this location. The largest discrepancies occur in the upper intertidal and
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dune toe zones, highlighting the need for further correction or calibration when using satellite data
in this region.
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Figure 3-38: Satellite elevation extracted from beach Transect 1. The black line represents the satellite DEM,

while the green and red lines show LiDAR-derived elevation profiles from the 2023 and 2025 surveys,
respectively.

For Transect 5 (Figure 3-39), the satellite-derived elevation performs reasonably well overall,
particularly through the intertidal beach and lower foredune. However, there is a slight
underprediction in elevation between —400 and —500 m along the transect—corresponding to the

front of the main dune. Despite this, the general shape and slope of the dune system are captured
well.
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Figure 3-39: Satellite elevation extracted from beach Transect 5. The black line represents the satellite DEM,

while the green and red lines show LiDAR-derived elevation profiles from the 2023 and 2025 surveys,
respectively.
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Figure 3-40: Satellite elevation extracted from beach Transect 10. The black line represents the satellite

DEM, while the green and red lines show LiDAR-derived elevation profiles from the 2023 and 2025 surveys,
respectively.
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Figure 3-40 illustrates the satellite-derived elevation profile for Transect 10, the satellite profile
generally falls between the two LiDAR datasets, consistent with the time-averaged nature of
satellite-derived elevation products. However, in the intertidal portion of the transect, the satellite
elevation returns zero values, likely due to water coverage or low reflectance in shallow submerged
areas limiting elevation retrieval.
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4 Discussion and summary

4.1 Aerial photographs

Consent Condition 21 requires that aerial imagery be assessed annually for morphological changes. In
accordance with this condition, aerial photography was undertaken in 2025 for Kaipara South Head
(covering Waionui Inlet, Ti Tree Island to the harbour mouth), Papakanui Spit extending to the ocean
beach, and the Pouto shoreline south to Maori Bay (South Tauhara Creek). As the 2025 images
represent the eighth in the orthophoto time series, only large or abrupt morphological changes are
readily visible, with most areas showing only minor year-to-year variation. The observed changes
include gradual migration of nearshore channels, lagoon and inlet adjustments, and vegetation shifts
at Pouto Point, South Head, and Manukapua Island. These changes are consistent with the ongoing
redistribution of sediment at the Kaipara Harbour Entrance.

4.2 Beach transects

Consent condition 20 requires comparison with existing transect data and an account of the net gain
or loss of sand from areas of accretion and erosion on the western side of Manukapua Island.

The 10 beach transects surveyed in 2025 on the western flank of Manukapua Island were compared
to the 1998-2022 surveys and show consistent morphological changes to those reported previously
(Kench et al. 2014, Allis et al. 2014, 2015, 2017a, 2017b, 2019, Reeve et al. 2020, 2023).

The 2025 analysis of surveyed beach transects shows:

=  The general trend in beach transect volume since monitoring began is for erosion, with
most transects (9 of 10) showing overall recession of the beach and foredune, and only
Transect 1 shows net sediment accumulation. The same trend was observed in
previous beach surveys.

=  With the exception of Transect 1 and 2 all others transects show some easterly
migration of the foredune (above 4 m elevation) reflecting active wind transport of
sand promoting elevation changes within the dunes across the island. The largest
observed foredune change is the 300 m retreat and gradual disappearance of a 14 m
high dune , observed at Transects 5, 7 and 9 and evident from 1998-2018. In contrast,
Transect 1 and 2 are nearly unchanged from their 2008 position.

= All profiles show changes to the intertidal beach (between the 0 and MHWPS
elevations), which are related to the inshore migration of subtidal channels adjacent to
Manukapua Island, as observed in the seabed surveys. The changes may also indicate
change in the rate of sand transported to and from the intertidal beach by wind, waves
and currents. The largest retreat of the intertidal beach was approximately 250 m since
1998 and occurred at Transect 9.

=  Several Transects (3, 4, 6 and 7) show the dune toe (2-3 m elevation) is receding at
rates between 5 to 10 m/year. The onset of this recession coincides with the timing of
intertidal beach retreat allowing waves to undercut the dune toe at high tide, thereby
destabilising the foredune face and exposing more sediment for wind and waves to
transport away from the beach face.
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Comparing the observed trends in island shape between the intertidal elevations (-1 m, 0 m and +2
m) and the dune elevations (+4, +7 m), there is a contrast between the widespread intertidal beach
retreat along the whole western flank and the localised retreat of the foredunes in the mid-northern
and southern areas. This is possibly related to the inshore migration of offshore channels adjacent to
Manukapua Island (Section 4.3), with the deeper water near to the island allowing larger waves to
reach and erode the sand on a high tide, along with increased potential for subtidal currents to
transport sand away from the shoreline.

4.3 Seabed transects

Consent condition 22A and 22B required a monitoring programme to measure changes in 13 seabed
profiles on the Tapora Banks and Tauhoa Banks at two yearly intervals.

The 13 seabed transects surveyed in 2025 surveys on Manukapua Island and Tauhoa Banks were
compared to the 2008—-2022 surveys and show consistent morphological changes to those reported
previously (e.g., Allis et al. 2014, 2017a, 2019, Reeve et al. 2021, 2023). The transects aligned east-
west (Transects 2-9) all show gradual inshore (easterly) migration of the main offshore channel with
the prevailing sand transport direction. The annual migration amount is typically 50 m per year for
depths greater than 4 m with minor changes at shallower depths.

Over the whole survey period to 2025, Transects 4 and 8-12 show net volume gain while the
remaining transects (1-3 and 5-7) show net loss of volume. The accreting transects gained an average
of ~40 cm in elevation and the eroding transects lost ~60 cm elevation from 2023-2025. Transects
across the Tauhoa Banks (Transects 11-13) consistently show accretion of sand material, generally in
excess of 30 cm elevation per unit length along the transect, and up to 103 cm (Transect 8).

The next bi-annual seabed surveys are scheduled in 2026-27.

4.4 Satellite bathymetry and digital elevation model

As part of the 2025 monitoring programme, a satellite-derived bathymetry (SDB) and digital
elevation model (DEM) trial was undertaken to evaluate the viability of these remote sensing
products as alternatives to traditional survey methods such as LiDAR and single-beam bathymetry.
This assessment was carried out with limited ground truthing, in order to evaluate the standalone
performance of satellite-derived products.

Bathymetry Performance

Satellite-derived bathymetry was evaluated against single-beam survey data along Transects 1, 6,
and 13 (
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to Figure 3-36). Results show good agreement in shallow water, particularly for depths shallower
than approximately —3 m, where satellite data captured both the general bathymetric profile and
variability well.

However, in water depth great than 3m, the accuracy of satellite bathymetry decreases significantly.
Discrepancies exceeding 1 m were common, and no usable data was returned below —6 m. These
deeper regions—where much of the sand extraction activity occurs on Tapora Banks—remain
inaccessible to this technique. Additionally, intertidal flats and areas with steep bathymetric
gradients displayed data gaps or spurious values due to limitations in optical penetration and water
clarity.

Advantages of Satellite-Derived Bathymetry
=  Good spatial coverage in shallow coastal and intertidal zones.
=  Cost-effective alternative to hydrographic surveys for baseline or reconnaissance work.

=  Reasonably accurate above —3 m, supporting initial site characterisation or model
boundary setup.

Limitations
=  No usable data beyond —6 m depth.
= Accuracy declines rapidly with depth (errors 21 m by -4 m).
= Incomplete coverage in drying flats and steep terrain transitions.

In summary, satellite-derived bathymetry is not currently suitable for bi-annual monitoring of deep
channels or extraction areas, as the depth limitations and vertical inaccuracies preclude its use in
volume change assessments or navigational analyses. However, it shows promise for long-term,
large-scale trend analysis in intertidal and shallow subtidal zones, especially where conventional
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surveys are constrained by access or cost. A 5-6 year interval may be more appropriate for using
satellite data to detect general patterns of sediment movement, erosion, or accretion.

The satellite-derived DEM was compared to LiDAR-based profiles from the 2023 and 2025 surveys
along three beach transects (Figures 4-38 to 4-40). Results were mixed:

=  Transect 1 showed a systematic underprediction of elevation across the entire profile,
suggesting a vertical offset issue in the satellite data. This undermines its use for
detecting subtle morphological change.

=  Transect 5 showed reasonable agreement, particularly through the intertidal beach
and lower foredune, although elevations were underestimated along the face of the
main dune (—400 to =500 m chainage).

=  Transect 10 performed the best, with the satellite-derived elevation falling between
the 2023 and 2025 LiDAR surveys, consistent with the time-averaged nature of satellite
products. However, zero values were returned in intertidal areas likely due to shallow
water coverage.

While spatially comprehensive, the vertical accuracy of satellite elevation data was insufficient to
quantify beach volume change at the profile scale. Consequently, it is not recommended as a
substitute for the LiDAR systems that is currently being used, particularly where accurate volume
comparisons are required.

4.5 Summary

The 2025 sand extraction monitoring programme for Kaipara Harbour included aerial LiDAR surveys
and photographic records at Pouto Point, South Head, and Manukapua Island, along with seabed
surveys near the active extraction area adjacent to Manukapua Island. In addition, the potential
application of satellite-derived data for ongoing monitoring was assessed.

The 2025 survey marks 22 years of beach profiling and 12 years of seabed surveying. Results indicate
that the three study sites continue to evolve in line with morphological changes reported in previous
assessments (e.g., Hume et al. 2003, Allis et al. 2017b, Reeve et al. 2020, 2023). These changes
include the ongoing migration of nearshore subtidal channels, shifting vegetation boundaries, and
the reconfiguration of lagoons and inlets—reflecting the dynamic redistribution of sediment within
the Kaipara Harbour entrance.

As observed during the Kaipara sand study (Hume et al. 2003), Manukapua Island remains highly
mobile, having experienced significant island and seabed morphological change over the past 150
years. This is characteristic of a barrier island with limited stabilising vegetation, situated adjacent to
a tidal flood-delta system with high sediment throughput.

It will always be difficult to link morphological changes to sand extraction given the sand movement
volumes within the Kaipara Harbour and the large natural changes in Manukapua Island which have
been observed in the past and can be expected in future. Over the monitoring period, volume
changes over the seabed transects and over the whole of Manukapua Island are a fraction of a
percentage of the background sediment supply and storage (Hume et al. 2003).

Satellite-derived bathymetry and elevation data offer useful reconnaissance-level insights,
particularly in shallow, intertidal, and hard-to-access zones. However, they are not currently robust
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enough—either in vertical accuracy or depth coverage—to replace LiDAR or single-beam survey
techniques for annual or bi-annual monitoring of sand extraction impacts in Kaipara Harbour.

These data products may be more effectively deployed for low-frequency monitoring (e.g., every 5—6
years), to identify long-term geomorphic trends such as:

=  Migration or reshaping of Manukapua Island.
=  Changes in intertidal sand flat extent.

=  General shoreline retreat or dune migration.
=  Model boundary updates in shallow zones.

When integrated alongside conventional survey methods and numerical modelling, satellite-derived
datasets can serve as a complementary layer, providing cost-effective spatial context and supporting
broader environmental assessments.

Given the significant landward retreat of the shoreline at Manutapua Island—particularly evident
where the recent transects (e.g., Transect 4 and 5) lie predominantly inland of the original 1998
Transect origins, consequently that the existing baseline may no longer be appropriate. We suggest a
revised methodology should be adopted that involves redefining the transect origins. This would
require recalculating all historical transect data relative to the new baseline to ensure consistent
analysis of shoreline change and volume trends over time.
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Appendix A Survey details

Table A-1:  Survey profile start and end points (Mount Eden 2000).

Offshore point Onshore point Origin point (0 m chainage)
Transect Transect length (m)
Northing (m) Easting (m) Northing (m) Easting (m) Northing (m) Easting (m)

Ongoing survey transects (2014 - present)

1 856434.1 353093.4 861319.5 354156.2 856433.8 856434.1 4999.6
2 855866.0 353559.5 859842.1 349341.0 856533.8 855866.0 5797.0
3 856057.1 353624.5 857062.4 348045.6 856175.0 856057.1 5668.7
4 856080.1 353621.0 854903.3 347994.2 855927.0 856080.1 5748.5
5 855583.0 353624.7 854414.0 348067.3 855443.0 855583.0 5679.0
6 854932.3 353912.2 852810.5 348720.0 854702.0 854932.3 5609.0
7 854199.6 353991.7 852933.3 348632.1 854083.0 854199.6 5507.1
8 853913.4 353889.3 851825.1 349042.1 853804.0 853913.4 5277.9
9 853474.8 354043.3 851864.7 348911.3 853362.0 853474.8 5378.6
10 853130.1 353715.3 848940.4 356489.8 853105.0 853130.1 5025.1
11 851571.6 352701.9 853440.3 353336.0 1973.4
12 851283.7 353383.6 852891.9 353624.3 1626.1
13 851764.8 352471.4 851558.4 353834.6 1378.7
Transects (2010- 2014)
1p 856305.2 350517.3 856305.2 351928.6 - - 1411.3
2 855726.5 350454.8 855818.3 352654.6 - - 2201.7
3p 855123.7 350933.0 855112.7 352147.4 - - 1214.4
4, 854370.6 350753.2 854751.4 352575.8 - - 1862.0
S5b 853713.5 350547.1 854478.5 352423.7 - - 2026.5
6p 852870.0 350429.8 854292.2 352957.0 - - 2899.9
7b 852599.5 351699.6 854014.3 353233.6 - - 2086.8
8p 851571.6 352701.9 853440.3 353336.0 - - 1973.4
9p 851283.7 353383.6 852891.9 353624.3 - - 1626.1
10, 851764.8 352471.4 851558.4 353834.6 - - 1378.7
Transects (2008)
1, 856405.7 350398.8 855996.3 352807.9 - - 2443.6
2, 855726.8 350356.5 855819.2 352651.0 - - 2296.4
3a 854451.8 349906.4 855211.1 352850.6 - - 3040.5
4, 853229.3 350121.7 854383.2 353050.4 - - 3147.8
5. 853114.1 350139.9 853836.3 353316.3 - - 3257.5
6a 852438.8 350537.8 853513.9 353393.2 - - 3051.1
7a 852516.1 352470.9 853434.5 353439.5 - - 1334.8
8a 851572.4 352691.6 853439.8 353339.7 - - 1976.7
9., 851342.2 353384.4 852856.2 353635.3 - - 1534.6
10, 851739.6 352616.6 851560.8 353827.8 - - 1224.3
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Table A-2:  Details of survey marks.

. . Orthometric height
Survey mark (Moiistt:;gefnn;)oom (Mcl)\l:r:: ?::n(r;gom (One Tree Point
datum 1964)
B5R9 347 726.15m 857 203.94 m 3.17m
B5RA 34771412 m 857 202.40 m 8.15m

Conversion from One Tree Point Vertical Datum 1964 to Auckland Vertical Datum 1946 = +0.24m.
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Executive summary

Winstone Aggregates Ltd and Mt Rex Shipping Ltd have extracted sediment from
Fitzgerald Bank (Kaipara Harbour) for many years. Two coastal permits, Permit no.
41663 and 41662, allow for disturbance of the seabed for purposes of extracting
approximately 350,000 m? of sand annually between both companies.

Among the conditions of the permits is a six-yearly benthic biological monitoring
programme. The programme aims to provide information to assist with assessing for
significant effects of sand extraction on benthic biota in the extraction area.

Benthic monitoring of the sand extraction area was conducted by Dr Roger Grace
between 1990 and 2015. In 2022, NIWA was contracted to conduct the benthic survey,
replicating the methodology of previous surveys. This report describes the benthic
sampling methodology and results of the July 2022 survey, enabling continuity of the
existing monitoring programme to allow for temporal comparisons.

Benthic macrofauna were sampled from eight extraction sites and eight control sites
using both 9 mm and 1 mm sieve sampling methodology, allowing diversity and
abundance of benthic fauna of different size classes to be assessed. Length, frequency
and mortality were calculated for Paphies subtriangulata (tuatua) and Fellaster
zelandiae (sand dollars).

In 2022, from a total of 160 replicate samples covering 484 m? of seabed (combined
control and extraction areas), 43 taxa were identified, and 2729 specimens were
collected. The benthic communities were dominated by Fellaster zelandiae (sand
dollars), Magelona dakini (palp worms), Paguridae (hermit crabs) and Amalda australis
(olive shells).

The most abundant taxa found was Magelona dakini contributing to 48.6% of the
specimens identified and contributing to 67.3% of specimens in the extraction area.

Extraction areas supported significantly higher overall taxa diversity than the control
areas.

Higher incidental pump mortality occurred in 2022 than 2015 with 14% and 30%
mortality for Paphies subtriangulata and Fellaster zelandiae respectively.

The benthic community composition remains relatively consistent with results
documented by Grace (2015). Magelona dakini densities have increased in extraction
areas. Paphies subtriangulata remain absent from the extraction zone as observed by
Grace (2015), with abundances also decreasing in the control zones from 228 in 2015
to 15in 2022.

Kaipara Harbour Sand Extraction



1 Introduction

Winstone Aggregates Ltd and Mt Rex Shipping Ltd have extracted sand from the Fitzgerald Bank area
of the Kaipara Harbour, supplying high quality sand used by building and construction companies in
New Zealand for many years.

Coastal permits were granted to Winstone Aggregates Ltd and Mt Rex Shipping Ltd (Permit no. 41663
and 41662, respectively) to disturb the seabed for the purpose of sand extraction at Fitzgerald Bank,
Kaipara Harbour. Conditions 18 and 19 of the permits require biological monitoring and must:

=  Provide information to assist an assessment of significant effects of sand extraction on
populations of benthic biota in the sand extraction zones, and control sites of
approximately similar biological habitat

=  Method of sampling shall include measuring samples with both a 1 mm and 9 mm sieve

= Surveys in accordance with the biological monitoring programme shall be undertaken
at six yearly intervals.

=  Produce a report of the biological monitoring programme and a copy to be forwarded
to the Manager, the Minister of Conservation, Royal Forest and Bird Protection Society,
Ngati Whatua (Te Uri o Hau and Ngati Whatua o Kaipara) and Kaipara Harbour Sand
Extraction Monitoring Group.

Biological surveys of Fitzgerald Bank area have been carried out in 1990, 1991, 1995, 1998, 2003,
2009 and 2015 (Grace 1990, 1996, 2000, Grace 2004, Grace 2009, 2015).

When monitoring started in 1990 for a proposed alternative extraction site at Fitzgerald Bank,
sampling consisted of observing shellfish densities from a 6 m? area. In 1995, the objective of
monitoring changed to assess any significant effects of sand extraction on populations of benthic
biota in the sand extraction areas.

In 2006, changes to permit areas and volumes of sand extracted by Winstone Aggregates Ltd and Mt
Rex Shipping Ltd required new resource consents. The 1 mm sieve was introduced in the
methodology to meet the revised consent requirements of sampling with both 1 mm and 9 mm
sieves (Grace 2009). The biological survey conducted in July 2022, replicates the methodology
employed in Grace (2015). Despite changes in the methodology over time, all surveys have
consistently recorded larger benthic taxa present in the 9 mm samples.

This report details the results of the 2022 benthic survey carried out on the Mt Rex Shipping Ltd
barge Kaipara Karrier VI off Fitzgerald Bank, Kaipara Harbour in accordance with the approved
biological monitoring programme.

6 Kaipara Harbour Sand Extraction



2 Biological Monitoring Programme 2022 Methodology

In 2022 the National Institute of Water and Atmospheric Research (NIWA) was contracted to
undertake the collection, processing, and reporting of benthic macrofauna samples collected for the
biological monitoring programme. The late Dr Roger V. Grace developed and ran the monitoring
programme from inception in the early 1990’s. Over the years there have been alterations of
methods of sampling to comply with changing resource consent requirements. Although a 9 mm was
sufficient for quantifying the impacts of shellfish and larger deep burrowing taxa, a 1 mm sieve was
introduced in 2009 to assess smaller surface-dwelling taxa. The methodology implemented by Grace
in 2009 and revised in 2015 was replicated for the 2022 survey.

2.1 Sampling locations

Sampling of the 16 sites (eight extraction and eight control) was undertaken from the Kaipara Karrier
VI sand extraction vessel across two days in July 2022. In preparation for the survey, eight target sites
within the extraction area were randomly selected from extraction reports submitted to Auckland
Council by Winstone Aggregates Ltd and Mt Rex Shipping Ltd within the prior three months. To be
accessible by the Kaipara Karrier VI vessel, sites were required to be within a depth range of 4 -9
metres. Within the general target area, actual sampling sites (E1 — E8) were determined by the sand
mining operational limits of the vessel. As described by Grace (2009), it was not possible to randomly
select sites, as the samples were being taken from a working vessel during regular sand dredging
operations. Four control sites were located north-east (C1 — C4) and four south (C5 — C8) of the
extraction permit area (Figure 2-1). Target control sites were the same as 2015 to allow for direct
comparison of the results. It was too shallow to access the target northern sites due to natural
dynamic sand movement that had occurred near the Kaipara Harbour entrance. Consequently, in
consultation with the Kaipara Karrier VI skipper, northern control sites outside of the permit area
were relocated to where it was suitable and safe to operate on the day. Several control sites nearly
impinge on the extraction zone based on Figure 2-1. In practice they were remote from where the
extraction has been taking place, with most of the extraction occurring within a limited area inside of
the permit area constrained by water depth and sand bars.

The northern control sites are located north of the extraction area on Fitzgerald bank, while southern
control sites were located to the south on Tauhoa Bank. The extraction area was separated from the
southern control area by channels and sandbanks (Figure 2-1).

Kaipara Harbour Sand Extraction 7
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Figure 2-1: Location of 2022 sampling sites near the Kaipara Harbour entrance. E1 to E8 are
extraction sites (blue dots). Northern (C1 to C4) and southern control areas (C5 to C8) are depicted
with red dots. The grey outline represents the Winstone Aggregate Ltd permit area.
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2.2 Sieve Sampling Procedure

2.2.1 9 mm sampling

Sampling was undertaken with the Mt Rex Shipping Ltd commercial sand extraction dredge and a 9
mm sieve basket, following the methodology established by Grace (1990). This 9 mm sampling
investigated the taxa present in the oversized tailings that were discharged over the bow of the
Kaipara Karrier VI back into the water.

The procedure for the 9 mm sieve samples was as follows:

1. The barge was anchored at the sampling site and the intake snorkel lowered to the
seabed.

2. The dredge pump was operated at 1600 rpm to lift sand from the seabed at one spot
for exactly 45 seconds.

3. Biota and shell hash material passing through the tailings discharge pipe was collected
in a wire mesh basket with 9 mm openings (Figure 2-2).

4. At the end of the 45 seconds, the basket was moved out of the discharge pipe to avoid
collecting more sample.

5. The intake snorkel was lifted clear of the bottom to flush out the last of the sample
through the tailings pipe with clean water.

6. Material collected was transferred to numbered bags for later processing.

7. Avreplicate sample was taken close to the same site by letting out three to four metres
of anchor chain and repeating the sampling procedure.

8. Further replicate samples totalling five in number were taken by letting out more
anchor chain and repeating the sampling procedure.

9. Shellfish and other marine life collected were later sorted from other debris and
identified to the lowest practical taxonomic status, then counted and measured where
applicable.

No recalibration of the sampling system was required in 2022 because the dredge and pump
characteristics were the same as 2009 and 2015. Sediment was sampled to approximately 0.8 m
depth into the seabed, with a sample volume of 3 m3, which has been the same sample size since
1990. This method samples large, sparse, and deep-burrowing animals, many of which are long-lived
and potentially adversely impacted by the sand extraction process. Populations of these types of
animals are likely to be slow to recover from impacts. The method also samples surface-dwelling
animals such as the sand dollar Fellaster zelandiae.

Kaipara Harbour Sand Extraction 9



Figure 2-2: The 9 mm sieve basket placed under an outlet in the discharge chute, sampling 6 m? of
seabed.

2.2.2 1 mm sampling

Samples were collected directly into a 1 mm sieve box suspended below the first grating in the
discharge chute that would otherwise fall into the sand hopper (Figure 2-3). The grating lets through
material nominally 5 mm or less in diameter. The first 10 seconds of sand discharge are collected,
representing the top few centimetres of sand from the larger sample being collected concurrently for
the 9 mm sieve. The sample is not strictly quantitative but is estimated to represent approximately
0.05 m? of seabed (as calculated by Grace (2015)). Figure 2-3 shows the 1 mm sieve box deployed
beneath the first opening in the discharge chute into the hopper.

The methodology for the 1 mm sieve samples was as follows:
1. The sand extraction barge was anchored at the sampling site.

2. The 1 mm sieve box was suspended or manoeuvred adjacent to below the first
opening in the discharge chute into the hopper.

3. The dredge pump was run at 1600 rpm to lift sand from the seabed.
4. A careful watch was kept for the first sign of sand discharging from the chute
5. The sieve box was moved into water/sand stream and a timing count started.

6. Sand was allowed to pass through the 1 mm mesh in the sieve box while shell and
biota larger than 1 mm were collected on the mesh.

7. After exactly ten seconds the sieve box was pulled clear of the sand/water stream.
8. Material collected was transferred to numbered bags for later processing.

9. Further replicate samples totalling five in number were taken by letting out more
anchor chain as per 9 mm methods and repeating the sampling procedure.
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This method samples small animals living near the surface of the seabed. Many of these are short-
lived opportunistic taxa. Their populations are in a state of continual recovery from disturbance due
to the constantly moving seabed sand surface. They are likely to recover relatively quickly from any
sand extraction impacts.

Figure 2-3: The 1 mm sieve basket that collects the sediment surface sample from the first
discharge chute opening. Sand collection hopper on Kaipara Karrier VI in the background.

Kaipara Harbour Sand Extraction 11



2.3 Benthic fauna sample processing

2.3.1 9 mm samples

Samples collected in the 9 mm sieve basket were stored on ice or in a 1°C refrigeration facility and
processed within 48 hours of collection. Animals alive at the time of collection were identified to the
lowest taxonomic level practical and counted to enable quantitative calculations of density and
diversity estimates. Numbers of Paphies subtriangulata (tuatua) and Fellaster zelandiae (sand dollar)
damaged by the dredge, to the extent that they would not be likely to survive if released, were
recorded. Specimens were determined to be damaged if chips and breaks to the exterior exposed
the internal organs to the environment (Figure 2-4). This would likely cause mortality and/or
attraction of predators such as snapper (Pagrus auratus) that may eat the broken specimen before
they could bury back into the sand. Specimens unable to be correctly identified alive, as well as
Polychaeta, Bivalvia, Stomatopoda and Palaemonidae were preserved in 70% isopropyl alcohol (IPA)
and later identified by parataxonomist experts.

An assessment of size was made for P. subtriangulata and F. zelandiae. In 2022, all P. subtriangulata
were counted and measured regardless of whether damage had occurred. However, in previous
sampling years, damaged P. subtriangulata were counted based on the number of intact siphon pairs
but not measured. Severely damaged F. zelandiae were “re-assembled” to enable an approximate
assessment of their numbers and sizes (Figure 2-4).
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2.3.2 1 mm samples

Material (shell hash and biota) collected in the 1 mm sieve was transferred into labelled bags before
preservation in 70% IPA and adding biological stain, Rose Bengal. Samples were processed in the
laboratory by passing the samples over a 500 um sieve to remove residual sand prior to sorting
macrofaunal specimens out from shell hash dispersed in shallow trays. Specimens were identified to
the lowest taxonomic level practical and enumerated by expert parataxonomists. Only benthic biota
(i.e., those animals living and associated with the sediment) are reported on here in alignment with
consent condition 18. Planktonic macrofauna (decapoda zoea) and meiofauna were not enumerated
or reported on.

2.4  Statistical analysis

For comparison to past years, we used raw macrofauna data sheets from prior monitoring
programmes (rather than compiled values from prior reports) because of inconsistencies in prior
reported values. Temporal analysis of 1 mm samples was only performed between 2015 and 2022.
Data from the 2009 sample 1 mm collection was not included due to relatively poor and
incomparable 1 mm data collected from a small Van Veen grab, as stated by Grace (2015).

Standardisation of sample size to density per 1 m? was necessary for comparison between 9 mm and
1 mm samples, areas and years. The approximate sample volume collected for the 9 mm and 1 mm
samples was 6 m? and 0.05 m?, respectively. Densities of P. subtriangulata and F. zelandiae were
calculated as per Equation 2-1. Taxa diversity is determined, as per previous reports, as total number
of taxa.

Equation 2-1: Mean density (specimens m?).
Mean density (m?) = N/(# replicates X area sampled)

Analysis of variance (ANOVA) was used to evaluate for differences in the density and diversity of taxa
between the extraction and control areas when the 9 mm and 1 mm samples were both combined
and separate.

For comparison to prior reports, taxa presence-absence data was used to calculate percent
occurrence of taxa for each of the eight sites in the extraction and control areas for both the 9 mm
and 1 mm samples. Ranking of taxa was based on percent occurrence.

Multivariate analyses were conducted using PRIMER 7. After the transformation of taxa count data to
presence-absence, a non-metric multidimensional scaling (MDS) based on a Bray-Curtis similarity
matrix (Clarke 1993), was performed to investigate similarity in taxa community composition
between sites, areas and years. Separate analyses were performed for the 9 mm and 1 mm data due
to varying temporal scales. Within the MDS, communities are represented by points, and the closer
two or more points are, the more similar the community composition is. Likewise, if two or more
points are widely separated, then the communities represented by those points are indicatively
different and less similar.

Further, a Similarities in Percentages (SIMPER) analysis was used to calculate the contribution of each
taxon to the similarity of two groups. Eight outliers in the MDS were identified. On closer inspection
they had no taxa in them and were consequently removed from further analysis. Outlier R7b 1998
that contained a single heart urchin (Echinocardium cordatum) was also removed.
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3 Results

3.1 Benthic abundance and diversity

Across the 160 samples collected from both extraction and control areas, 43 benthic macrofaunal
taxa were identified. The total amount of sediment sampled was 484 m2. Of the 160 samples, only
eight samples were devoid of biota:

=  9mm:E2.2,E7.4,C4.2
=  1mm:C6.3,C6.4,C7.1,C7.3,C8.2

A total of 31 taxa were identified in 4 m? of surface sediments sieved through the 1 mm mesh screen,
whilst 22 taxa were identified in the 480 m? of sediment sieved across the 9 mm mesh screen (Figure
3-1).

Taxa diversity was significantly higher in extraction areas (F1,1ss = 35.6, p < 0.05) with an average of
3.48 (+ 0.21) taxa per replicate compared to 1.98 (+ 0.13) taxa in the control when combining both
the 9 mm and 1 mm sampling methods. A similar pattern was observed in the mean density of
individuals sampled from extraction areas averaging 300 (+ 50) per m?, while control areas had 83 (+
20) per m? (F1,158 = 16.2, p < 0.05) (Figure 3-2). Fellaster zelandiae and Paguridae (hermit crab) were
the two numerically dominant taxa for both 9 mm extraction and control areas (Table 3-1, Figure 3-
3). Of the samples collected using the 9 mm sieve, maximum densities of 16.5 per m? at C8.2 at and
5.5 per m? at C3.2 were collected for F. zelandiae and Paguridae, respectively. Magelona dakini was
the dominant taxa in both the extraction and control areas in the 1 mm sieve. Higher densities of M.
dakini were observed in 1 mm samples collected from the extraction area (i.e., 1940 per m?in E2.3)
and had an average range between 276 — 928 per m? per site compared to control sites with an
average range of 4 — 488 per m?,

The diversity of taxa within the 9 mm samples was not statistically different between samples
collected from the extraction versus the control areas (F1,7s = 3.28, p = 0.073), with an average
diversity of 2.73 (£ 0.25) and 2.15 (£ 0.18), respectively (Figure 3-1). The diversity in the 1 mm
samples was significantly greater in the extraction area (4.25 + 0.30) compared to control areas (1.8 +
0.18) (F1,7s=46.8, p < 0.05) (Figure 3-1).

Mean density of individuals was greater in the control areas (3.33 + 0.62) than the extraction area
(1.23 £ 0.15) when comparing the 9 mm sieve samples (F1,7s = 10.6, p < 0.05) (Figure 3-2). The
opposite was true when comparing 1 mm sieve samples, whereby, the mean density within the
extraction zone was 584 (+ 74) individuals per m? compared with 160 (+ 35) individuals per m? in the
control areas (F1,78= 27.06, p < 0.05) (Figure 3-2).
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Figure 3-1: Number of taxa present (diversity) per site in the 9 mm sieve from 6 m? sample (left)
and the 1 mm sieve from 0.05 m? sample (right) in the extraction (E) and control (C) areas.
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Figure 3-2: Mean density of individuals per m? * standard error per site in the 9 mm sieve (left)
and 1 mm sieve (right) in the extraction (E) and control (C) areas.

Photographs of the most common taxa found in the 9 mm and 1 mm samples during the 2022 survey
are illustrated in Figure 3-3 and Figure 3-4, respectively. In the 9 mm samples, F. zelandiae were
present in at least one replicate at all eight sites (Table 3-1,Table 3-2). The other top four numerically
abundant taxa found were the Paguridae (hermit crab), Amalda australis (olive shell), M. dakini and
Nemertea (Figure 3-3, Table 3-1). Paguridae occurred at 88% of both extraction and control areas,
however A. australis occurred 75% of the time in extraction sites and only 13% in control sites.
Noteworthy is the occurrence of M. dakini and juvenile F. zelandiae at 100% of sites, although
variable in abundance.

Kaipara Harbour Sand Extraction 15



Figure 3-3: Representative animals from the 9 mm samples. a) Fellaster zelandiae (sand dollar), b)
Hiatula sp., c) Paphies subtriangulata (tuatua), d) Sipunculus (Austrosiphon) mundanus (siphon
worm), e) Paguridae (hermit crab), f) Sigalion sp., g) Ovalipes catharus (paddle crab) and h) Amalda
australis (olive shell), i) Glycera sp. Taxa not to scale. Photo credit: Michal Ferries (NIWA)

Figure 3-4: Representative animals from the 1 mm sieve to scale. Top (L-R): Magelona dakini,
Fellaster zelandiae, Mysida. Bottom (L-R): Exoedicerotidae, Phoxocephalidae, Chaetognatha.
Photo credit: Michal Ferries (NIWA)
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Table 3-1: Percent occurrence of taxa retained in the 9 mm sieve, for the first 11 taxa ranked in
order of presence at all sites.

Rank Taxa % Occur:renc'e at % Occurrer'lce at % C')ccurrence.e at all
extraction sites control sites sites combined

1 Fellaster zelandiae 100 100 100

2 Paguridae 88 88 88

3= Amalda australis 75 13 44

3= Magelona dakini 63 25 44

3= Nemertea 63 25 44
6= Hiatula sp. 38 38 38
6= Ovalipes catharus 63 13 38
8= Paphies subtriangulata 0 63 31
8= Glycera sp. 25 38 31
8= Sigalion sp. 50 13 31

1 Sipunculus (Austrosiphon) 25 25 25

mundanus

Table 3-2: Percent occurrence of taxa retained in the 1 mm sieve, for the first eight taxa, ranked in
order of presence at all sites

Rank Taxa % 0ccun:renc.e at % Occurrer?ce at % (?ccurrencie at all
extraction sites control sites sites combined

1= Magelona dakini 100 100 100
1= Fellaster zelandiae 100 100 100
3 Mysida 100 25 63
4 Exoedicerotidae 88 13 50

Phoxocephalidae 88 0 44
6 Hesionidae 38 38 38
7= Chaetognatha 63 0 31
7= Lumbrineris sp. 63 0 31

Kaipara Harbour Sand Extraction 17



3.1.1 Paphies subtriangulata (tuatua)

P. subtriangulata were only found at control sites (Table 3-3, Figure 3-6a,b). In control areas,
temporal fluctuations in the abundance of P. subtriangulata exist. In 2009 and 2015, there was
evidence of a P. subtriangulata population, with 269 (2009) and 228 (2015) individuals collected. In
2022, 15 were found. Of the 15 collected, eight were juveniles (1 —5 mm) (Figure 3-5) found in the 1
mm samples, all from control sites (Figure 3-6b). This is a decline from 1.12 per m? in 2009 to 0.03
per m?in 2022 for larger (> 9 mm) individuals (Table 3-3). Between 1995 and 2003 the greatest size
class of P. subtriangulata was 60 — 70 mm. In 2003 22 individuals were found during this programmes
survey. In 2022, the dominant size class was 40 — 50 mm (Table 3-4) comprised of five individuals.

Figure 3-5: Juvenile Paphies subtriangulata found in northern control sites in 2022. Photo credit:
Michal Ferries, NIWA.

Table 3-3: Mean density (per m?) of Paphies subtriangulata across years within extraction and
control areas collected in the 9 mm samples.

Mean (m?) 1995 1998 2003 2009 2015 2022
Extraction 2.34 2.24 0.14 0.0 0.0 0.0
Control N/A 0.83 0.13 1.12 0.95 0.03

Table 3-4: Paphies subtriangulata length (mm) frequency (%) across monitoring surveys (1991 —
2022) from the 9 mm samples. N represents total number Paphies subtriangulata collected.

Sampling Year 1991 1995 1998 2003 2009 2015 2022
n 956 260 287 22 257 228 7
70 to 80 0.0 2.7 8.8 9.1 0.0 0.0 0.0
60 to 70 7.9 60.4* 68.5* 72.7* 1.9 0.9 0.0
50 to 60 68.8* 13.8 13.0 13.6 3.1 12.7 0.0
40to 50 10.9 7.3 14 0.0 11.1 6.6 71.5*
30to 40 4.7 9.6 2.3 0.0 58.8* 8.3 14.2
20to 30 5.0 35 2.8 0.0 15.6 29.4 14.2
10to 20 2.6 2.7 3.2 4.5 9.3 41.7* 0.0
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Figure 3-6: Average density of a,b) Paphies subtriangulata, c,d) Fellaster zelandiae, e) Paguridae
and f) Magelona dakini per m? £ SE per site (n = 5). Sites designated as extraction (E) and control (C)
areas. Left column represents taxa in the 9 mm samples, right represents the 1 mm samples.
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3.1.2 Fellaster zelandiae (sand dollar)

F. zelandiae was the second most abundant species present in 2022 representing 36.8% of all fauna
and 79% of fauna in collected from the 9 mm samples across both extraction and control areas. F.
zelandiae dominated the 9 mm fauna and was present at all sites, representing 93% (n = 452) of the
9 mm animals in the southern control area compared with 58.6% (n = 174) and 76.5% (n = 241) in the
extraction and northern control areas, respectively. Compared to 2015 when there were similar
mean densities for the extraction (13.8 per m?) and control (11.96 per m?) areas, in 2022 average
densities were 0.73 per m?and 2.88 per m?, respectively. Temporally, the abundance of F. zelandiae
increased from 1998 to 2009, however, has been in decline since 2009, reaching an average density
across all areas of 1.8 per m?in 2022 (Table 3-5).

High variability exists within and between sites (i.e., C7, C8) in the abundance of F. zelandiae. This
contributed to the differences in mean abundance of individuals between the extraction and control
areas (Figure 3-6¢,d). For example, C8.1 and C8.2 that were less than 4 m apart and had densities of
2.16 per m? and 16.5 per m?respectively.

The sizes of the F. zelandiae collected in all 1 mm and 9 mm samples across both extraction and
control areas showed a bimodal distribution. There was a peak of individuals sized between 0 — 20
mm and 70 — 80 mm, with very few individuals sized between 35 — 50 mm (Figure 3-7). The survival
of F. zelandiae through the dredge was 70%, with individuals with larger diameter more likely to be
damaged in the flume (Figure 3-7).
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Figure 3-7: Size class distribution of Fellaster zelandiae collected during July 2022 samplingin 1
mm and 9 mm sieves across extraction and control areas combined. Dead represents individuals
determined as damaged/not surviving the dredge.
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Table 3-5: Temporal change in total number of Fellaster zelandiae individuals collected per survey
and mean density of individuals per m? collected across all samples from 1995 — 2022

Sampling year 1995 1998 2003 2009 2015 2022
Number of 68 81 225 4950 2154 867
individuals
Mean density (m?2) 0.52 0.5 1.4 10.3 4.5 1.8

3.1.3 Other taxa

Paguridae (hermit crabs) were the second most common taxa in the 9 mm samples, making up 10.4%
of the fauna collected across the extraction and control areas. In the extraction area, 13.8% of 9 mm
individuals were Paguridae, while in the northern and southern control areas they comprised 16.5%
and 4.3% of the specimens (Figure 3-6e). Greater spatial distribution was observed in 2022 compared
to 2015 with Paguridae found at 88% of sites compared to 38% in 2015.

The predatory gastropod Amalda australis (olive shell) was the third most common species found in
the 9 mm sieve samples, with 17 individuals found within the extraction area representing 5.7% of
the fauna, while one individual was found in the northern control (0.3%).

M. dakini were the most common taxa within the 1 mm samples representing 82.5% of the fauna.
They were predominantly found in the extraction and northern control areas reaching densities up to
1,940 per m? (found in sample E2.3) (Figure 3-6f). Within the southern control area, densities
reached 60 per m?in C8.3 and C8.4.

Several amphipod families represented in the samples were Exoedicerotidae, Phoxocephalidae and
Hesionidae (Figure 3-4). Exoedicerotidae comprised a larger proportion of the fauna in the extraction
site with 1.6% of the animals retained in the 1 mm sieve samples. Hesionidae was the 6" ranked
taxa, present in 38% of the sites sampled in the extraction and control areas equally. Further, they
comprised a larger portion of the fauna in the southern control (4.4%) compared to 1.0% and 1.1% in
the extraction and northern control areas (Table 3-2).

3.2 Temporal and spatial changes in benthic macrofauna community
composition

3.2.1 2022 benthic macrofaunal composition

Non-metric multidimensional scaling analysis was conducted on all taxa collected from both 9 mm
and 1 mm sieved samples from all sites sampled in July 2022. Comparing the 9 mm samples, the
macrofaunal community composition at sites sampled in the control areas in 2022 were more tightly
clustered when comparing to extraction area, having an average similarity of 46.11% based on
SIMPER analysis (Figure 3-8). Of this, F. zelandiae contribute to 89.18% of the similarity. The 9 mm
sample macrofaunal community composition was greater in extraction areas with an average
similarity of 37.11%. F. zelandiae and Paguridae were the two primary taxa that contributed to this
similarity. The extraction and control areas shared 38.25% similarity in the 9 mm community
composition.

Within the 1 mm sieve samples, taxa found in the control areas were similar with an average
similarity value of 52.22% compared to 47.13% similarity between the taxa found at sites within the
extraction area. M. dakini had the largest contribution to the similarity observed in the extraction
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(56.06%) and control (71.63%) areas. Comparing the two areas, they shared an average similarity of

42.89% as indicated by the overlap in Figure 3-9.
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Figure 3-8: Non-metric multidimensional scaling plot (MDS) on presence/absence transformed
2022 9 mm sample data, using Bray Curtis similarities of macrofaunal communities collected from

extraction and control sampling areas on Fitzgerald Bank.
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Figure 3-9: Non-metric multidimensional scaling plot (MDS) on presence/absence transformed
2022 1 mm sample data, using Bray Curtis similarities of macrofaunal communities collected from

extraction and control sampling areas on Fitzgerald Bank.
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3.2.2 9 mm temporal benthic macrofaunal community composition

Non-metric multidimensional scaling analysis was also conducted on all taxa collected from the 9 mm
sieved samples from all sites sampled in 1998, 2003, 2009, 2015 and 2022. Loose clustering by year
indicates differences in the taxa composition, particularly between 2009 and 2015. In 2022, more
overlap exists with the two prior survey years (Figure 3-10). The top five taxa contributing to the
differences between control and extraction sites in 2022 were Paguridae, A. australis, M. dakini, F.
zelandiae and Hiatula sp. (formally referred to as Soletellina). There is an observable increase in the
density of Magelona dakini in the extraction area compared to 2015 in the 1 mm sieved samples with
densities in 2022 ranging from 196 — 928 per m?compared to 28 — 168 per m?in 2015. Densities of
M. dakini in the southern control area have increased but remained low between 2015 and 2022
with densities between 0 — 4 per m?in 2015 and 4 — 32 per m? in 2022 (Figure 3-6f).
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Figure 3-10: Non-metric multidimensional scaling plot (MDS) on presence/absence transformed 9
mm sample data, using Bray Curtis similarities of macrofaunal communities collected from extraction
and control sampling sites on Fitzgerald Bank in 1998, 2003, 2009, 2015 and 2022.

3.2.3 1 mm 2015 - 2022 temporal benthic macrofaunal composition

Spatially the community composition of the 1 mm samples in 2022 samples varied based on the area
(Figure 3-11). Composition of taxa at each site is more variable in southern control sites (C5 — C8)
indicated by an average similarity of 27.78%. The macrofaunal community composition of northern
control sites (C1 — C4) and extraction sites were more similar 63.36% and 47.13%, respectively.
Nearly 96% of the similarity in the southern control sites is explained by F. zelandiae and M. dakini,
while these same two species contribute 75% of similarity within the extraction area. Zooming in on
the cluster of data from Figure 3-11 in Figure 3-12, there appears to be two clusters overlapping
representing the extraction area in 2015 and 2022.
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Figure 3-11: Non-metric multidimensional scaling plot (MDS) on presence/absence transformed 1
mm sample data, using Bray Curtis similarities of macrofaunal communities collected from extraction

and control sampling sites on Fitzgerald Bank in 2015 and 2022.
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Figure 3-12 Zoomed in area of Figure 3-11 non-metric multidimensional scaling plot (MDS) on
presence/absence transformed 1 mm sample data, using Bray Curtis similarities of macrofaunal
communities collected from extraction and control sampling sites on Fitzgerald Bank in 2015 and

2022.
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3.3  Survival of dredged marine life

During the sand extraction process, the mechanical action of the sand extraction pump and passage
over the sand separation screens, can be damaging to marine life. Damage by the dredge to soft-
bodied animals such as polychaetes (e.g., M. dakini and Sipunculus (Austrosiphon) mundanus) will
either cause mortality, or increase vulnerability to predation upon expulsion of tailings through the
discharge pipe, before burrowing back into the sand (Grace 2009, 2015). It has been found previously
that small hard-shelled gastropods and Paguridae, which are in gastropod shells, survive passage
through the dredging system. Larger P. subtriangulata and F. zelandiae, often found in the 9 mm
samples however, are vulnerable to damage by the dredge (Grace 2009, 2015).

In 2003 when this monitoring programme was conducted on the Mt Rex Shipping extraction dredge
‘Kaipara Karrier’, a Warman 10/8 centrifugal pump was operated. High incidental mortality occurred
in 2003, reaching 77% and 54% for P. subtriangulata and F. zelandiae respectively. The larger dredge
‘Kaipara Karrier VI’ was used for this programme from 2009 onwards. This came with a larger
Warman 12/10 extraction pump, which had a wider internal diameter and a 12-inch diameter intake
and 10-inch outlet. This larger pump reduced incidental mortality compared to the Warman 10/8. A
summary of the percent survival for P. subtriangulata and F. zelandiae over the 9 mm sieve are given
in Table 3-6 highlighting this reduction. In 2022, the percentage of individuals mortality damaged
increased compared to 2015. Explanations for this may be, but are not limited to:

1. No standard way of determining when a F. zelandiae is damaged beyond point of
survival. In this survey, we outline our determination criteria in Section 2.3.1.

2. How the 9 mm sample is handled and bagged for processing.

3. Reduced abundances result in each individual contributing proportionally more to the
survival-mortality count. E.g., In 2022 one P. subtriangulata out of the seven died,
contributing 14% of the results compared to each P. subtriangulata in 2015
contributing to 0.43%.

The survival of smaller animals in the 1 mm sieve was not assessed, as animals less than 5 mm would
likely fall through the sand dredge screens into the hopper with the sand. Although they would likely
survive the pumping flume and some animals may get washed back off the barge with the excess
water during pumping, the others would die when taken ashore.

The probability of F. zelandiae survival when pumped through the dredge decreased with increasing
diameter (Figure 3-7). In sand extraction areas, juvenile F. zelandiae found in the 1 mm sieve make
up 28% of the F. zelandiae sampled, compared to less than 6% in the control areas. This supports the
theory of increasing size results in increased probability of getting damaged in the dredge and
consequently, altering the size frequency distribution of F. zelandiae on Fitzgerald Bank.
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Table 3-6: Percentage of Paphies subtriangulata and Fellaster zelandiae killed by the dredge
from 1995 to 2022.

1995 1998 2003 2009 2015 2022

N % killed n % killed n % killed n % killed n % killed n % killed

Paphies 309 84% 287  82% 22 77% 241 18% 228 10% 7  14%
subtriangulata

Fellast

eflaster 68  54% 78 53% 225  54% 4942  36% 2154 14% 867  30%
zelandiae
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4 Discussion

In July 2022, the benthic macrofaunal community at Fitzgerald Bank was surveyed and the taxa
composition from 160 replicate samples from 16 sites across the extraction and control areas were
analysed. A total of 43 taxa were identified. The extraction area supported higher benthic
macrofaunal diversity, with 39 taxa found compared to 25 in the control areas. As established in the
2009 and 2015 surveys, Fellaster zelandiae (sand dollar), Paguridae (hermit crab), and Magelona
dakini (polychaete) dominate the fauna in abundance. Furthermore, the 2022 survey aligns with prior
surveys results, with practically no Paphies subtriangulata (tuatua) found in the extraction area since
2003. A noteworthy difference was the large decrease of P. subtiangulata in 2022 from control areas,
where only 15 individuals including eight juveniles were found in total compared to 241 and 228 in
2009 and 2015, respectively. This reflects the general decline in abundance over the Fitzgerald Bank
since the early years of sand extraction.

Between 1995 and 2003 the greatest size class of P. subtriangulata was 60 — 70 mm. In 2022, the
dominant size class was 40 — 50 mm. In 2003, 22 P. subtriangulata were found during the
programmes survey. This decline coincided with the commercial P. subtriangulata fishery in the
Kaipara Harbour entrance, where landings reached 192 t in 1997-1998, decreasingto 4 —-76t
between 1998-99 and 2003-04 (Ministry of Fisheries 2008). Since 2004-05, no commercial catch has
been reported, thought to be due to retirement of people from the fishery (Ministry of Fisheries
2008). Grace (2015) details the historical change in P. subtriangulata on the Fitzgerald Bank.

Although F. zelandiae remain one of the dominant taxa in the area, populations have declined
compared to previous years, with a 59.7% decline since 2015. As stated in Grace (2015), the sharp
increase in population in 2009 may be due to a trophic cascade, where there was a reduction in
predators such as snapper, caused an increase in the prey population (Shears and Babcock 2003).
The bimodal size frequency distribution, with peaks between 0 -5, 10 — 20 and 70 — 80 mm, with
very few F. zelandiae sized between 35 — 50 mm, indicated the presence of multiple year cohorts.
Settlement of juveniles likely occurs during the winter period (Grace 2015). This may explain the peak in small size classes
during the July 2022 survey. The low count of 5 —10 mm F. zelandiae can be explained by the sampling
methodology. The 1 mm sieve basket captured specimens 1 —5 mm due to the grating size on the
discharge chute being nominally 5 mm. The 9 mm sieve basket captured specimens nominally
greater than 9 mm. This, leaving a size range of 5 — 10 mm not directly sampled.

Higher densities of predatory gastropod Amalda australis in the extraction area compared to the
control areas could be explained by A. australis preying upon on easily accessible discharged
material, including dead or broken taxa such as P. subtriangulata, F. zelandiae and polychaetes. A.
australis smaller size and hard calcified shell may also protect these gastropods from damage during
the pumping process, although this was not investigated. The observed increase in M. dakini
densities in the extraction area compared to 2015 was not observed to the same scale in the
southern control area. The southern control area in 2015 and 2022 appears to hold fewer animals
than the northern control when observing the 1 mm.

This survey highlights the high levels of spatial variability in benthic macrofaunal abundance and
diversity in high-energy environments such as Kaipara Harbour entrance. The seabed near the
entrance to Kaipara Harbour is exposed to strong tidal currents and orbital motions from waves, and
the communities of organisms found there are characteristic of dynamic, shifting sands. The
consented sand extraction activities in the extraction zone will also disturb the sediment
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environment and contribute to its dynamism, though the abundance and richness of the organisms
in the extraction zone was equal to or higher than control areas.
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Appendix A

2022 Survey site details

Site Location Latitude Longitude Date Time Depth (m)

E1l Extraction 36 23.51S 174 13.13E 20/07/2022 0750 7.5
E2 Extraction 36 23.35S 174 13.11E 20/07/2022 0935 8

E3 Extraction 36 23.64S 174 12.94E 21/07/2022 1120 7.3
E4 Extraction 36 23.10S 174 12.98E 21/07/2022 0855 8.3
ES Extraction 36 23.50S 174 13.0E 21/07/2022 1015 7.2
E6 Extraction 36 23.41S 174 12.91E 20/07/2022 1015 6.5
E7 Extraction 36 23.38S 174 13.19E 21/07/2022 1050 5.9
E8 Extraction 36 23.52S 174 12.77E 21/07/2022 1155 8.3
C1 Control North 36 22.82S 174 13.9E 21/07/2022 1525 7.7
Cc2 Control North 36 22.81S 174 13.8E 21/07/2022 1615 7.2
C3 Control North 36 22.75S 174 13.3E 21/07/2022 1645 7.9
Cca Control North 36 22.95S 174 13.26E 21/07/2022 1720 6.3
c5 Control South 36 24.59S 174 12.98E 21/07/2022 1240 6.3
(6} Control South 36 24.58S 174 13.29E 21/07/2022 1905 5.7
c7 Control South 36 24.57S 174 13.10E 21/07/2022 1840 5.6
c8 Control South 36 24.46S 174 13.29E 21/07/2022 1930 8.8
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Appendix B Taxa list

Taxa designated with asterisk (*) not reported on

Taxa

Magelona dakini
Fellaster zelandiae
Paguridae

Haustoriidae

Mysida

Chaetognatha
Exoedicerotidae

Amalda australis
Hesionidae

Paphies subtriangulata
Hiatula spp

Sipunculus (Austrosiphon) mundanus
Ovalipes catharus
Nemertea

Lumbrineris sp

Glycera sp

Travisia olens novaezealandiae
Sigalion sp

Euterebra tristis
Decapoda zoea *
Prionospio australiensis
Heteromastus filiformis
Cumacea

Brachyura megalopa *
Pariliacantha georgeorum
Paramoera sp

Luciferidae

Hemipodia simplex
Goniada graham
Filhollianassa filholi
Armandia maculata
Aricidea sp

Pycnogonida

Philocheras australis
Hiatula nitida
Halicarcinus spp
Pseudaega sp

Prionospio tridentata
Philine sp

Paraonides sp

Palaemon dffinis
Neohymenicus pubescens
Copepoda (Paracabinus sp.) *
Cominella adspersa
Amphiura sp
Aglaophamus macroura

Total specimens
1275
965
114
28
22
21
20
18
17
15
14
12
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Appendix C

Alive Fellaster zelandiae (sand dollar) counts and sizes
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Appendix D

Dead Fellaster zelandiae (sand dollar) counts and sizes
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Appendix E Paphies subtriangulata (tuatua) counts and sizes

Note, the asterisk indicates dead/broken Paphies subtriangulata classified as not surviving the dredge
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