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EXECUTIVE SUMMARY

Arenewed discharge consent (DIS60331146) was granted in December 2019 that includes a receiving en-
vironment monitoring plan (REMP), detailing protocols for a long-term environmental monitoring pro-
gramme in the Whangaparaoa Passage to detect adverse effects caused by the discharge from the
wastewater treatment plant on habitat quality, marine life, and shellfish beds.

This report presents the sixth annual monitoring of the subtidal benthic ecology, and the sediment quality
in the vicinity of the new outfall since its first use (April 2019). Data were collected in autumn and winter
between 6™ of May and the 24™ of July 2025. Stations for sediment quality and benthic sampling were
located at 100m, 250m and 1000m to the north, east and south of the discharge outfall, and 100m, 250m
to the west (11 stations in total) to provide information of the spatial extent of any impact of the discharge
on the benthic ecosystem.

Sediment quality

This sixth year of monitoring shows good sediment quality: all contaminants were well below guideline
levels, so adverse effects on benthic life are not expected. Cadmium was generally undetectable. Mud
content has shown an increasing trend at the Control sites (1000m distance from the outfall) since the
first year of monitoring. Nitrogen and phosphorus were lower than last year; the spikes seen in 2024 were
not repeated, and current values align with the pre-2023 record. There was no clear pattern with distance
from the outfall, indicating no measurable enrichment from the discharge; the earlier nutrient peaks likely
reflected storm-driven runoff and coastal erosion rather than outfall effects.

Overall, results are consistent with previous years, some mild, system-wide lifts occurred in 2021 and
2024 but still stayed within thresholds. Compared with the pre-outfall baseline, concentrations are mod-
estly higher as expected in areceiving environmentyet remain below levels linked to effects; far-field sites
tracked with the rest, suggesting broadscale variability rather than distance-driven change. In sum, the
system appears stable, the outfall is not causing measurable seabed enrichment, and occasional nutrient
spikes are more plausibly tied to catchment inputs during major rain events.

Biogenic habitat
A combination of drop camera photographs and video footage were deployed at different distances and
directions around the new outfall in order to map the biogenic features of the Whangaparaoa Passage.

Biogenic features detected by drop camera and video transects were the sediment texture, and the pres-
ence of horse mussels, sponges, and fan worms. Scallops are easily missed when buried in substrate
and were not determined with the current methodology. Substrate with shell can be found west of a north-
south line that passes through the outfall position, towards the Whangaparaoa shore. East of this line, in
deeper waters (> 25m deep), the sediment has rarely any shell and is mostly devoid of any epibiota.

The most important biogenic habitat reported in the passage in previous studies was horse mussel beds
around the outfall. Video transects of the south and south-west in 2025 revealed a degraded habitat for
horse mussels, like in the previous year. The typical epibiota assemblage of horse mussels, colonial as-
cidians, finger sponges, and fan worms was covered by a layer of silt. The smothering of epibiota by
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sediment was observed in the whole monitored area. This phenomenon is likely to occur at a larger scale
in the Hauraki Gulf.

Benthic biota

Overall, a total of 119 taxa were identified from the benthic samples with a total of 3,569 sorted inverte-
brates. Polychaetes dominated (~52%) with notable taxa Myriochele sp., Aglaophamus sp., Prionospio
yuriel, Cirratulidae; crustaceans included Tanaids (~11%). The invasive bivalve Theora lubrica occurred
(~4%). Significant regional differences were identified. West had the highest richness and density (but
patchy). South had the lowest richness/abundance yet the most even assemblages. East/North were in-
termediate and more consistent. Overall, distance effects were weaker than regional effects.

Multivariate analyses showed moderate separation by region and weak by distance. BIO-ENV correlations
(testing link between contaminants and biota distributions) were low to moderate (max ~0.48). Best
matches involved the combination of As, Zn, P, N (by region) and Cr, Zn, P or %mud (by distance). This
indicates sediment chemistry explained only a small fraction of biological pattern.

There was a marked interannual variability in the polychaete species without a consistent direction.
North-East was dominated early by tube-builders (Myriochele sp., Ampharetidae), shifting later toward
small deposit feeders (e.g., Cossura consimilis, Paraonidae, Cirratulidae). South-West showed larger
swings with pulses of Polydora sp. and strong peaks of Heteromastus filiformis in 2023. Across all six
years, contaminants were below effects guidelines; with consistent methods/season/taxonomy, ob-
served changes most likely reflect natural variability, not contaminant pressure.

In conclusion, because regional differences exceed distance-from-outfall effects, and sediment chemis-
try explains little variation, there is no clear, consistent footprint of the discharge on infaunal communities
to date. Benthic composition is dynamic and may be a low-signal indicator at this site without long time
series; continued, standardised monitoring is warranted to define natural variability and detect subtle
shifts.

Intertidal macroalgae
To assess the potential effect of the outfall effluent onto the closest intertidal habitat (Outfall Bay), macroalgal
communities were identified and mapped by photography drone survey and ground survey in March 2025.

The algae patches recorded during the intertidal survey (possible Ulva and Lyngbya) were very localised in
rock pools and depressions, as previously observed during the 2021 and 2023 intertidal surveys. Oppor-
tunistic algae bloom rapidly when conditions of temperature, nutrients and light are optimal. The blooms
disappear when the water temperature drops in autumn.

The consecutive series of mapped macroalgae (and green-blue algae) data could be used to show
changes in the extent of natural and nuisance macroalgae beds around the outfall site over time. None-
theless, due to the emplacement of the outfall in the Passage and the strong currents North-South, it is
unlikely that the nutrients from the outfall would influence Outfall Bay.
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1 INTRODUCTION
1.1 Background

The Army Bay wastewater treatment plant (WWTP) is Watercare’s third largest WWTP and services
Whangaparaoa Peninsula, Orewa, Hatfields Beach and Silverdale. To allow for the expansion of the
WWTP needed to service the population growth in the area, a new discharge outfall was completed in
April 2019 in the Whangaparaoa Passage next to the previous outfall, approximately 1 km out into the
Passage (Figure 1). A discharge consent (DIS60331146) was granted in December 2019 that includes
a receiving environment monitoring plan (REMP, Condition 34), detailing protocols for a long-term en-
vironmental monitoring programme in the Whangaparaoa Passage to detect any adverse effects
caused by the discharge from the WWTP on habitat quality, marine life, and shellfish beds.

Existing pipeline and outfall

Army Bay Wastewater
Treatment Plant -

Figure 1. Map representing the route of the old (labelled existing) and new pipeline and outfall.
From Watercare Services.

This report presents the sixth annual monitoring of the subtidal benthic ecology, and the sediment
quality in the vicinity of the new outfall since its first use (April 2019). Data were collected in autumn
and winter between the 6™ of May and the 24" of July 2025.

The assessment of effects from a discharge point is typically based on comparison of potentially af-
fected samples and samples representing an ecosystem out of reach of the contaminants (geograph-
ical variation with control) or before and after discharges started (temporal variation with control). The
environment surrounding the outfall has been under the influence of treated wastewater from the
WWTP since 1982. Therefore, the comparison of samples over time with the new outfallaims to detect
the influence of the new flow regime of discharge on the environment rather than the influence of the
discharge itself (this requires a temporal control that is not available).
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1.2 Previous data collected in the area

The subtidal benthic communities within 2 km of the outfall were surveyed in 2018 (Kelly et al., 2018).
The drop camera and video survey showed that the Whangaparaoa Passage supported a diverse range
of species and habitats, including a variety of species that form sensitive biogenic habitats (macroal-
gae, sponges, scallops and horse mussels). Grain size, total organic carbon, nutrients and heavy met-
als were reported for samples taken near the outfall and for samples approximately 1.5 km away. This
survey formed the principal background information used to design the REMP.

The first monitoring of the new outfall was carried out in May-June 2020 (Bioresearches 2020). The
sediment collected in the Whangaparaoa passage showed contaminant concentrations well below
the guideline concentrations and a significant variation with distance from the outfall and regions in
the Whangaparaoa Passage. Benthic habitat and infauna assessments showed only a sporadic horse
mussel distribution. The variation in the infauna distribution at the sampling sites was higher between
regions in the Passage than with distance from outfall, and it was hypothesized that the main factors
of influence were physical parameters (i.e. substrate, current, depth), and not chemical (from effluent
effect).

The second monitoring of the new outfall was carried out in April-June 2021 (Bioresearches 2021). The
conclusions from this study were similar to the first monitoring with sediment contaminant concen-
tration well below the guideline concentrations and no clear pattern among the different contaminants
loads. Benthic habitat assessment showed a larger horse mussel bed than in the previous year, likely
due to a bettervideo quality, thus a higher detection on the video image. Infauna distribution was likely
influenced by the sediment grain size composition and other physical parameters.

The third monitoring and the fourth monitoring of the new outfall were carried out in April-May 2022
(Bioresearches 2022) and in May-July 2023 (Bioresearches 2023) respectively. Similar to previous re-
sults, contaminant concentrations were below the guidelines and there was no indication of an efflu-
ent effect on the environment. Horse mussel beds persisted around the outfall and to the west and
south. Benthic biota showed strong differences between regions with East and North on one hand,
and West and South on the other. This was likely influenced by physical parameters such as depth,
grain size and current.

The fifth monitoring was carried out in April-July 2024 (Bioresearches 2025). Sediment contaminant
concentrations remained low, with elevated nitrogen and phosphorus compared to earlier years (ex-
cept 2023), but no evidence of effluent-related enrichment. Metal levels varied by site, being lower in
the West and North and higher at 100 m from the outfall. Video transects showed degraded horse
mussel habitat in the South and Southwest, while epibiota assemblages were covered by silt and/or a
red alga. Benthic biota again differed strongly between East-North and West-South, with a weaker
gradient between 100 m and 250 m, reflecting underlying physical factors such as depth, grain size,
and current.

Results of the past five monitoring surveys were compared with the 2025 monitoring in each section.
As in previous years, Bioresearches aimed to restrict sampling to the autumn months in line with the
REMP. However, unfavourable weather and poor underwater visibility during autumn 2025 prevented
fieldwork at-sea. As a result, photographic and video surveys were undertaken later than the required
sampling period, anticipating better weather conditions at the start of winter.
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1.3 Overview of adverse effects of wastewater discharge.

As per section 3.2 (Subtidal benthic ecology) of the REMP, wastewater discharges have the potential
to affect benthic communities through:

e the organic enrichment of sediments that increases diversity and abundance of benthic infauna
(low levels of enrichment) or reduces diversity and abundance (high levels of enrichment).

e increasing benthic algal productivity by adding nutrients.

e altering the benthic light regime with increasing water turbidity due to particulate substances in
wastewater.

e the effects of toxic contaminants (REMP 2019).

To assess the extent of potential effects highlighted above, monitoring of benthic communities af-
fected by wastewater outfalls involves the measurement of, as stated in the REMP:

¢ epibiota—abundance and diversity of animals and plants that live on top of the seabed, particu-
larly biogenic habitat forming species such as macroalgae, horse mussels and sponges.

¢ benthic infauna—abundance and diversity of animals that live in the sediment.

¢ sediment quality parameters—grain size, total phosphorus, total nitrogen, total organic carbon,
total organic matter; and,

¢ toxic contaminants—e.g. heavy metals.

In the intertidal zone, macroalgae’s growth and species composition can change with the influence of
high levels of nutrients. This can come from discharged wastewater that is not properly treated.
Blooms of nuisance macroalgae (Ulva and Gracilaria) and cyanobacteria (Lyngbya) may appear on the
shore. Monitoring of algae and cyanobacteria on the closest shore from the outfall is also assessed in
this report, as described in section 3.3 (Intertidal macroalgae) of the REMP.
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1.4 Structure of the report

The REMP details the requirements of the environmental monitoring of the benthos which are defined
in points Il and IV of the objectives such as:

“11. Subtidal benthic ecology, including the mapping of biogenic habitats, abundance, and diversity
of the benthic community and the spatial and temporal extent of macroalgae (including any potential
nuisance macroalgal blooms detected); .........

IV. Sediment quality (texture, total organic carbon, total nitrogen, and total phosphorus annually,
and metals biennially); ”

Chapter 2 describes the subtidal sediment quality (grain size, organic content and pollutant concen-
trations) from grab samples. Chapter 3 describes the subtidal biogenic habitat recorded from pho-
tographs and videos of the benthos. Chapter 4 describes the composition and abundance of the sub-
tidal benthic infauna from grab samples. The subtidal monitoring occurred between the 6™ of May
and the 24" of July 2025. Chapter 5 of the report describes the assessment of algae distribution on
the intertidal zone of Whangaparaoa Bay in March 2025.
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2 SUBTIDAL SEDIMENT QUALITY MONITORING

2.1 Surveys prior to the new outfall

Kelly and colleagues (2018) collected sediment in November 2017 with a 2 L Van Veen grab sampler at
four sites.

* within 100 m of the old outfall,
e 1.5 km north of the old outfall,
e 1.5 km east of the old outfall,

* 1.5 km south of the old outfall.

At each of the four sites, 10 samples were taken and analysed for grain size, total organic matter and total
organic carbon. Five samples were analysed for total nitrogen, total phosphorus, and heavy metals (re-
coverable cadmium, chromium, copper, lead, mercury, nickel, and zinc) on the total sediment fraction.

They found that sediment grain size around the outfall had a high percentage of mud with approximately
50% by mass, similar to the east and south remote sites. The northernremote site had higher mud content
with 80% average. The total organic carbon in the east of the outfall was more than double that at the
outfall. Most of the concentrations of nutrients and heavy metals were higher at the north site than at the
other sites, probably due to a higher mud percentage in the sediment. The outfall did not show higher
concentrations of contaminants than the east and the south. Heavy metals were well below the threshold
effects levels (TEL) (MacDonald et al. 1996). From these results, Kelly et al. (2018) concluded that the
discharge from the old outfall had no influence on the contaminants found at the sampled sites.

2.2 Methodology

2.2.1 Sampling protocol

The REMP specified four radii from the outfall with sampling stations for surficial sediment samples lo-
cated at 100m, 250m and 1000m to the north, east, south and west of the discharge outfall, except 1000m
in the west as rocky substrate (11 stations in total), to provide information on the spatial extent of any
impact of the discharge on the sediment quality (Figure 1, coordinates in Appendix A). At each station the
REMP specified that three replicate grabs were taken with a Petite Ponar grab sampler. The Petite Ponar
grab samples a surface area of 0.023 m? (152 x 152 mm) with a bite depth of 7Z0mm. An additional 4 kg of
weights were added to the sides of the Petite Ponar to aid bite depth along with an additional 2 kg of
weights to the top of the Petite Ponar to aid grab triggering due to strong currents in the Passage. ORP
(Oxidation-reduction potential in mV) was not measured as the previous surveys showed the inadequacy
of the methodology (see Appendix 3 in Bioresearches 2022).

The petite Ponar was lowered down to the seafloor from a boat. When the Ponar was retrieved on the
boat, the sediment sample was transferred into a clean bucket. The content was mixed with an untreated
clean wooden stick. A sub-sample of 100 g was retained for the analysis of grain particle size. A second
sub-sample of 500 g was retained for the analysis of % dry weight, total organic carbon, total nitrogen,
total phosphorus, total recoverable metals (arsenic, cadmium, chromium, copper, lead, nickel and zinc)
on the whole sediment fraction, and bioavailable metals on the mud fraction.
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The sediment samples were placed in a clean polyethylene ‘zip lock’ bag, then placed in a chilly bin. Sed-
iment chemistry samples were frozen prior to transportation to the laboratory, while grain size samples
were chilled. Metal testing was conducted by Watercare Services Laboratories, and grain size testing was
conducted by Hill Laboratories using accredited testing methods.
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Benthic sites W250 W100 Outfall £100 E250 1000
Distance from the outfall 5100
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@ 1000
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Figure 2. Benthic biota sampling locations in the Whangaparaoa Passage compared to the outfall
(coordinates in Appendix A).

2.2.2 Analytical procedures
The analytical methods are described in the REMP as follows:

e Grain size method: determined by wet sieving, 5 fractions (> 2, 2 - 0.5, 0.5 -0.25, 0.25-0.063 and <
0.063 mm).

» total organic carbon (TOC)—determined from the 500 um sieved fraction on a dry weight basis using
non-dispersive infrared detection (modified USEPA NCEA-C-1282)

» total nitrogen—determined in accordance with the Soil Sampling and Methods of Analysis by Color-
imetry/Discrete Analyser (Carter & Gregorich, 2008)

e total phosphorus—determined using method US EPA 200.2 digestion ICP-MS
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¢ totalrecoverable metals/metalloids (arsenic, cadmium, chromium, copper, lead, nickel and zinc) us-
ing HNOG/HCL extraction from the <500 pm fraction followed by ICP-MS (modified US EPA Method
200.2 or 200.8).

The bioavailable metals/metalloids (arsenic, cadmium, chromium, copper, lead, nickel and zinc) were
added to the array of tests from the second survey to dissociate the influence of the sediment texture from
the potential discharge effect on the contaminant loads. The tests used weak acid extraction (2M HCl for
24h) from the <63 pm fraction followed by ICP-MS (ARC 2004).

2.2.3 Sediment Quality Guidelines

There are three main sediment quality guidelines (SQGs) providing threshold values for a range of contam-
inants:

o the US NOAA guidelines presented in Long et al. (1995),
» the Canadian guidelines presented in CCME (2007), and

» the Australian and New Zealand guidelines presented in ANZECC (2000), revised in 2013 (Simpson et
al. 2013) which were adopted in 2018 (ANZG 2018). These guidelines combine threshold values from
the first two references, with additional data.

The National Oceanic and Atmospheric Administration (NOAA) developed the Effects Range Low ERL, and
the Effects Range Median ERM concentrations based on toxicity tests (Long et al. 1995). ERL indicates
the concentrations below which adverse effects are unlikely to occur, and ERM indicates the concentra-
tions above which adverse effects are likely to occur (Table 1).

The Canadian guidelines use another set of threshold values, namely the Threshold Effect Level (TEL) be-
low which adverse effects rarely occur, and the Probable Effect Level (PEL) above which adverse effects
frequently occur (Table 1). Concentrations ranging between PEL and TEL indicate values where there are
possible adverse effects (MacDonald et al. 1996, CCME 2007).

The Auckland Council developed the Environmental Response Criteria based on the NOAA and the Cana-
dian thresholds with a three-color system: green (healthy), amber and red (polluted) (ARC 2004). Con-
taminant levels in the “green” are below the TEL. Contaminant levels in the “amber” are between the TEL
and the ERL. Contaminant levels in the “Red” are above the ERL (Table 1). The heavy metal results from
the 2024 survey were compared with the Auckland Council guidelines (ARC 2004).

2.2.4 Normalisation procedures

To assess the anthropogenic effects from a potential pollution source such as a WWTP outfall, under-
standing the importance of natural variability is fundamental to differentiate contaminants originating
from natural processes and contaminants originating from anthropogenic processes.
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Table 1. Sediment quality guidelines (SQG).

Aukland Council

categories

Types of SQG Acronym ‘ Description Level of contamination

Threshold effect level TEL No adverse effects below Green Low
Effect range-low ERL Rare adverse effects below Amber
Probable effect level PEL Possible adverse effects below

. Expected adverse effects below, )
Effect range-median ERM Frequent adverse effects above High

Contaminant loads in sediment are highly dependent on the grain size distribution and the geological
origin of the substrate (Clark et al. 2008). Normalisation of contaminant concentrations allows to com-
pensate for some natural processes and gives a better visibility of anthropogenic effects. Metals tend to
concentrate in the mud fraction of sediments; therefore, a common normalisation is based on the con-
sideration of the mud fraction (granulometry approach; Ho et al. 2012). Two procedures can be followed:
The first relies on the separation of the mud fraction (particle size <63um) prior to chemical analysis
(weak-acid extractable fraction). The second normalises total recoverable metal concentrations by the
percentage of the mud fraction. This last procedure assumes that there is a linear relationship between
the total metal contents and the mud percentage (Ho et al. 2012).

The mud fraction showed good relationships with metals (Pearson correlation coefficients R > 0.7) except
for copper (R = 0.59) (Appendix C; Figure 26), therefore this method was retained for the assessment of
effects along with the total metal loads (also called the recoverable concentrations) and the weak-acid
extractable loads (also called bioavailable concentrations).

2.2.5 Statistical procedures

Statistical differences on percentages are commonly tested with a chi-square test of homogeneity. This
is however not recommended with a small sample size; therefore, no statistical test was run on the grain
size percentages. Instead, notable percentage differences between sites were visually assessed from the
figures.

An exploratory analysis was performed with a Principal Component Analysis (PCA) on PRIMER-E (version
8 beta 2.0 36, Quest Research Ltd). It allowed to visualise in a multivariable space (all contaminants at
once) the similarity between sites based on the concentration of metals/metalloids (environmental vari-
ables). Metal values were normalised beforehand to have them on a common scale (the mean is sub-
tracted from each metal value, and the result is divided by the standard deviation). One-way analysis of
similarities ANOSIM (maximum permutations = 999) were performed on the Euclidean distance similarity
matrix to test the null hypothesis “no difference between groups”. The ANOSIM test is the multivariate
analogue of the univariate ANOVA test.

Concentrations of metals and nutrients were compared among regions (west, north, east, and south of
the outfall) and distances (100, 250, and 1000 m from the outfall) using ANOVA tests, followed by pairwise
Tukey tests. Data normality (Shapiro-Wilk test) and homogeneity of variance (Levene’s test) were as-
sessed for total metals, bioavailable fractions, and mud-adjusted datasets, but assumptions were met
only for some metals and nutrients. To ensure consistency across contaminants, the non-parametric
Kruskal-Wallis test was applied to all datasets, with subsequent pairwise comparison Dunn’s tests. All
univariate tests were performed in R (version R 4.4.1, R Core Team 2024) with an alpha value of 0.05.
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2.3 Results and Interpretation

Sediment samples were collected during two boat trips: the 6" of May and the 24" of July 2025. Samples
collected at site W250 contained a large quantity of shell with little sediment content. There was not
enough material for testing both total metals and the bioavailable fraction, therefore, priority was given to
the total metal analyses.

2.3.1 Grain size

Three replicates of substrates for each of the 11 sites around the outfall were collected for grain size. The
grain size percentages are summarised in Table 2 and compared visually between regions and distances
from the outfall in Figure 3. Raw results are available in Appendix B and show seven fractions as this is the
standard procedure by Hill laboratories. Fractions [<2mm, >/=1mm]and [<1Tmm, >/=500um] were pulled
together as well as fractions [<250um, >/=125pum] and [<125um, >/=63um] to match the five fractions in
the REMP.

Table 2. Grain size summary percentages by mass in 2025 (means + 95%ClI).

\ Grain size | North | East | South | West
(mm) Class N1000 | N250 N100 | E1000| E250 E100 | S1000 | S250 S100 | W250 | W100
>2.000 Géf;’ﬁhfe“sd 1:2 | 8+23 [23:14 |12+8| 1+2 |21%25|27+33|36+27 | 21+2 |50+13 |31+13
2.000-0.500 | Coarse Sand 1+0 3:6 62 | 67 11 6+6 64 92 81 15+6 |11x4
0.500-0.250 | MediumSand | 0.3x0 | 11 11 35 | 1£0.2 | 11 10 20 2+1 3+x1 | 2%1
0.250-0.063 Fine Sand 154 | 10+3 8+1 |13x6| 73 [11+x11| 9%4 84 | 9+x04 | 72 (104
<0.063 Silt and Clay 836 |78+31 |62+16 (66+10| 90+3 | 61+22 |57+34 |45+26| 602 | 26+15 4723
Sample size 3 3 3 3 3 3 3 3 3 3 3
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Figure 3. Comparison of grain size percentages between sampled sites - 2025.

Silt and clay (mud) and granules and gravel were the dominant substrate components across the study
area. At 100 m from the outfall, the grain size profile was generally consistent, with 60-62% silt and clay
and 21-23% granules and gravel, except in the west where gravel dominated the substrate (Figure 3, Ap-
pendix B). Elevated proportions of granules and gravel were also recorded at S1000 (21-36%). In contrast,
mud comprised more than 80% of the substrate in the North (N250 and N1000) and at E250.

Mud percentages were compared between years to observe any potential grain size change over the years
(Figure 4). In the north, N250 mud percentage remained high and stable, while N1000 was moderately high
with a steady increase. N100 revealed lower mud percentage and more variable, with a marked reduction
in 2024. In the south, S100 showed the greatest fluctuations, while S250 and S1000 remained moderate
with limited variability. In the west, W250 mud percentage stayed consistently low, and W100 was simi-
larly low without a clear trend. In the east, E250 remained the highest and most stable, E100 was lower
and variable with a decrease in 2024, and E1000 was mid-high and steady.

Over the last five monitoring surveys, the percentage of mud content has increased at the 1000m sites
(South, East and North), and at E250.
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Figure 4. Mud content (% dry weight) box plots per site compared between monitoring surveys.

2.3.2

Total organic carbon and nutrients in sediments

The Total Organic Carbon (TOC) and nutrients levels were analysed from three sample replicates for each
of the 11 sites, and are summarised in Table 3 with raw data presented in Appendix C (Table 14,Table 16).

The TOC % showed low values across the sites with less than 2% dry weight (Table 3).

Table 3. Means (* 95%CI) of Total Organic Carbon (% d. w.) and Nutrients (mg/kg d. w.) 2025

Region ‘ Samples ‘ % dry weight | TOC (% d.w.) ‘ Nitrogen (mg/kg d.w.) ‘ Phosphorus (mg/kg d.w.)

East E100 49.8+10.4 1.44+0.0 1433 = 236 467 =148
E250 40.0+1.5 1.60+0.0 1767 + 364 597 +17.3
E1000 39.1+7.1 1.45+0.2 2133 + 346 707 £64.3
North N100 33.1+1.8 1.46+0.0 2267 131 643 £69.0
N250 35.6+4.3 1.43+0.1 2267 173 577 £193
N1000 34.0+£5.8 1.25+0.0 2500 + 299 733 £ 157
South $100 53.9+2.1 1.50+0.0 1263 + 462 407 +23.6
$250 51.9+£5.8 1.50+0.1 1280 + 431 353 =157
$1000 53.0+£6.3 1.44+0.0 1273 = 545 430 =129
West W100 44.6+9.3 1.40+0.1 1733 +261 457 =141
w250 60.2+8.8 1.14+0.2 983 £ 213 347 £42.8

Min 33.1 1.1 983 347

Max 60.2 1.6 2500 733

Total Nitrogen concentrations in the sediment ranged from 720 to 2800 mg/kg (Appendix C; Table 14), with
significant variation of nitrogen between regions (Appendix D; Table 23). The northern sites recorded the
highest nitrogen concentrations overall, forming a uniformly nitrogen-rich area, with N1000 showing the
highest values (median ~2,450-2,600). Southern sites had lower concentrations, with a clear increase
with distance from the outfall. On the western sites, the pattern was reversed: W100 was enriched relative
to W250, which in 2025 had the lowest concentrations (median ~900-1,000). Eastern sites consistently
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showed high nitrogen concentrations that increased with distance, with E1000 among the highest overall
(median ~2,150-2,300).

When comparing among years, across most sites, nitrogen concentrations in 2025 were lower than in
2024, except at the northern sites (Appendix C; Figure 27). In 2024, localised high-nitrogen events oc-
curred at E250, E1000, S250, and S1000; in 2025 these sites showed lower and steadier concentrations.
2024 peaks >3,000 mg/kg at E250, S250, and S1000 and remain the highest records in the area (Biore-
searches 2020, 2021, 2022, 2023, 2025).
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Figure 5. Nitrogen (mg/kg dry weight) boxplots for each site.

Total Phosphorus concentrations in the sediment ranged from 200 to 850 mg/kg (Appendix C; Table 14),
with significant variation between regions (Appendix D, Table 23). Phosphorus concentrations were high-
est in the North and East (especially at 1000 m) and lowest in the South and West. Near-outfall sites (100
m) had lower, more variable values than the 1000 m sites (Figure 6), consistent with a mixing zone at the
discharge and preferential deposition to the East and North.

The phosphorus values in 2025 were significantly lower than the 2024 loads in most of the sites exceptin
the north where similar values were measured between the last two monitoring surveys (Figure 28Figure
28in Appendix C). Inthe North, levels remained high, with N1000 increasing from about 700 mg/kg in 2024
to nearly 800 mg/kg in 2025. By contrast, the southern sites dropped markedly in 2025, with medians fall-
ing to ~400-500 mg/kg compared to ~600 mg/kg the previous year. The western sites also declined, most
notably W250, which dropped from ~600 to ~350 mg/kg. The eastern sites remained the strongest phos-
phorus sinks, with consistently high concentrations at E250 and E1000, though slightly reduced in 2025
compared to 2024. Overall, 2025 reinforced the long-term pattern with North and East accumulating the
most phosphorus, while South and West remain relatively depleted, with the South showing the sharpest
declines in the last five years (Bioresearches 2020, 2021, 2022, 2023, 2025).
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Figure 6. Phosphorus (mg/kg dry weight) boxplots for each site.

2.3.3 Heavy metals and metalloid in sediments

The total recoverable heavy metals and arsenic were analysed from three sample replicates for each of
the 11 sites and are summarised in Table 4 (raw data are presented in Appendix C). Concentrations were
compared with the previous surveys and Kelly et al. (2018) in Table 5. Since the 2021 survey, the weak
acid extractable heavy metals from the mud fraction (bioavailable metal concentrations) were measured
from the same site locations to complement the interpretation of the differences between sites with dis-
tinct grain size composition. In addition, the normalised metal concentrations called “mud-adjusted con-
centrations” were examined, following the condition that mud concentrations were, for the most part,
correlated with the contaminants (Appendix C, Figure 26).

2.3.3.1 2025 metal/metalloid pattern in sediment

All heavy metals and Arsenic concentrations measured in the sediments in the Whangaparaoa Passage
were well below the standard thresholds for adverse effects (Table 4).

The PCAs integrated the variation of five heavy metals and arsenic (Figure 7). Cadmium was excluded
from the analyses as levels were under the detection limit of the laboratory method (Table 4). When metal
total recoverable concentrations were assessed with PCA (Figure 7 top), the West region showed mark-
edly higher values compared to North, South, and East (ANOSIM R =0.274 p = 0.0002; Appendix D; Table
17). The analysis clearly distinguished a subset of West 250 m samples from the others. These samples
were strongly aligned with the contaminant vectors, indicating overall enrichment, particularly for arsenic,
lead, chromium, and nickel (Figure 7 top). Most North, South, and East sites grouped on the positive side
of PC1, reflecting lower concentrations. Variation between distance groups was present but less pro-
nounced than the regional effect.
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When the extractable fraction was considered (Figure 7 middle), regional patterns were less distinct, with
samples from North, South, East, and West largely overlapping (ANOSIM R =0.051, p = 0.1673; Appendix
D, Table 19). The PCA did not clearly separate sites by region, although some 100 m samples plotted
closer to the contaminant vectors, suggesting a weak association with higher extractable metals (arsenic,
chromium, nickel, lead, copper). Most sites at 250 m and 1000 m clustered toward the positive side of
PC1, reflecting lower metal influence. Variation between regions was therefore minor, and differences
with distance groups were even less pronounced.

In the mud fraction (Figure 7 bottom), regional and distance patterns were more clearly separated than in
the REC and EXT fractions. The PCA explained 95% of variation on PC1, with South and West sites (notably
at 100 m and 250 m) plotting on the positive side of the axis and strongly distinguished from North and
East (ANOSIM R =0.334, p = 0.0001; Appendix D, Table 21). These South and West samples were aligned
with the contaminant vectors, indicating greater enrichment in arsenic, lead, and associated metals. In
contrast, most North and East sites grouped negatively on PC1, reflecting comparatively lower concen-
trations. Variation between distance groups was also significant but less pronounced (ANOSIM R = 0.090,
p = 0.0494), with 100 m and 250 m sites more closely associated with contaminant vectors than the 1000
m group.

Elevated contaminant loads were observed at sites closest to the outfall (100 m) and, to a lesser extent,
at 250 m in the South and West, particularly when recoverable concentrations were normalised by mud
content. PCA highlighted stronger enrichment in South and West compared to North and East, with the
clearest separation observed in the mud fraction and a subset of enriched West 250 m samples in the
recoverable fraction. In contrast, regional patterns were weak in the extractable fraction, although some
100 m sites showed a minor association with contaminant vectors. Together, these results indicate that
fine sediments act as a key sink for contaminants, with localized accumulation strongest near the outfall.
Despite these spatial differences, overall concentrations remained below guideline thresholds, suggest-
ing limited risk to biota.

Across all three fractions, the PCA showed weaker separation in the total recoverable and extractable
fraction phases, where most regions overlapped, but a clear spatial pattern in the MUD fraction. The mud
results revealed stronger regional structuring, with South and West sites enriched in metals, while North
and East remained comparatively lower.
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Table 4. Means (x 95%CI) of heavy metals in sediments (mg/kg dry weight) 2025

\ Region | Samples \ Arsenic Cadmium\ Chromium \ Copper \ Lead \ Nickel Zinc
E100 Total 5.9+0.7 <0.11 3324 9.1£0.7 | 13+1.3 | 12+0.7 | 66+5.3
Bio 2.7%0.2 <0.064 2111 6.3+0.2 | 16+0.7 |7.1£0.2] 6317
East E250 Total 7.3%0.2 <0.11 38=+1.1 10+0.0 16+0.0 | 13+0.0 | 7524
Bio 2.6x0.2 <0.063 19+1.3 5602 | 14+0.0 |6.3*0.5] 56=1.7
£1000 Total 7213 <0.070 31=7.7 6.9+20 | 13+3.6 | 10+x2.7 | 58+15.4
Bio 2.2+0.3 <0.055 18+0.7 46=0.7 | 13+x0.7 ]5.5+0.2] 52+2.0
N100 Total 6.0+0.9 <0.068 30=3.0 8510 | 1420 | 1111 ] 62+7.5
Bio 2104 <0.054 19+2.0 5908 | 14=+11 |6.1£0.8] 57+6.2
North N250 Tojcal 6.2+0.6 <0.068 30=2.6 87+0.7 | 14+0.7 |11+x0.7 ] 65+5.3
Bio 2.2+0.3 <0.056 19+1.3 5705 | 15+0.7 |6.0£0.6] 574.1
N1000 Total 8.0£0.5 <0.062 34+2.6 9.2+0.8 | 1713 | 13+x1.1 | 72+6.2
Bio 2.2%0.6 <0.048 18+2.4 5.0+06 | 13+x1.7 |57*09] 52+5.8
5100 Total 6.2+x0.4 <0.10 34=1.1 9504 | 14=0.0 | 12+0.0 | 75=16.7
Bio 2.5%0.2 <0.056 2117 6.5+06 | 1517 |6.9+0.6] 62+6.9
Total 6.0+0.5 <0.1 34=0.0 9.3+0.1 | 14+0.7 | 12+x0.0| 67=1.1
South S250 5
Bio 2.1+0.1 <0.050 19+1.3 6.0£0.3 | 15+0.7 |6.1£0.5] 59%4.0
$1000 Total 6.5+0.3 <0.098 34=1.7 9.2+0.5 | 13+x1.3 | 12+x1.1 ] 67+3.5
Bio 2.3%0.3 <0.050 19+1.3 6.004 | 15=1.1 |6.2+0.4] 60=3.6
W100 Total 5.7+0.9 <0.0674 26+3.5 7811 | 1317 |9.9+14| 56=+8.6
West Bio 2.2%0.3 <0.049 19+1.3 6.0£0.5 | 15+0.7 |6.1£0.6] 57+4.0
Total 4.2+1.0 <0.061 17+4.9 5314 | 8623 |6.7x1.7| 37+9.8
W250 -
Bio - - - - - - -
ER-L 8.2 1.5 80 65 50 21 200
ER-M 70 10 370 270 220 52 410
Standard ARC green <7.2 <0.7 <52 <19 <30 s <124
thresholds ARC Amber = 0.7<x<1.2 | 52<x<80 19<x<34 | 30<x<50 = 124<x<150
ARC Red = >1.2 >80 >34 >50 > >150
ANZECC Low 20 1.5 80 65 50 21 200
ANZECC High 70 10 370 270 220 52 410
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Figure 7. Principal Component Analyses based on metal concentrations. REC for total recovera-
ble (top), EXT for weak acid extractable (middle) and Mud-adjusted metals (bottom).
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2.3.3.2 Comparison of metal concentrations between monitoring surveys

The 2025 survey matched the same range of concentrations to that of the previous monitoring surveys
since the installation of the new outfall (Table 5) but are higher than the levels of contaminants found in

the preliminary study by Kelly and colleagues (2018).

Table 5. Comparison of levels of total heavy metals in sediments (mean mg/kg dry weight with range)

between surveys in the Whangaparaoa Passage

2025 2024 2023 2022 2021 2020 Kelly et al. (2018)
As | 6(4.9-6.9) |5.4(4.6-6.3) | 5.5(4.8-6.5) | 5.5(3.7-8.3) | 5.3(3.7-7.9) | 5.1(4.5-5.7) -

Cd <0.10 <0.10 <0.10 <0.10 <0.17 <0.11 <0.09

Cr | 31(23-35) | 29(25-32) | 28(24-31) | 30(26-34) | 31(26-34) | 29(28-30) 18 (12-24)

Cu | 9(6.8-9.8) | 9(8-11) 8(7-9) 9 (6-15) 9(7-11) 9(8-11) 5.3(3.5-7.1)
Pb | 14(11-16) | 14(11-19) | 14(12-15) | 15(12-25) | 15(12-25) | 14(13-14) 9 (6-12.5)

Ni | 11(8.6-12) | 11(9.7-12) | 11(10-11) | 12(10-14) | 12(10-14) 11 7(4-9)

Zn | 65(48-92) | 63(58-70) | 61(52-66) | 64(54-72) | 64(54-72) | 62(60-64) 41 (26 -56)

Note: mean values calculated from 3 samples during the monitoring surveys, and from 5 samples in Kelly et al.’s study. Data from
2020 to 2025 were collected at 100 m from the outfall. Data form Kelly et al. (2018) was collected within 100m from the outfall.

A principal component analysis of yearly mean metals shows a broad overlap among years with most
points forming a single cloud (Figure 10). Scores to the right on PC1 align with higher metal concentrations
of Arsenic and Chromium (and some Copper), and these are dominated by East sites, whereas West sites
lie mainly to the left (lower metal concentrations). Year-to-year, the colour clouds intermingle: some 2025
points extend far right (strong Arsenic/Chromium signal) while several 2022 points occur on the left, but
no year forms a distinct cluster. Along PC2, Copper separates upward from Arsenic/Chromium down-
ward, indicating changes in metal mix rather than discrete temporal shifts. The 1000 m sites (filled circles)
are dispersed within the main cloud rather than forming a separate group, indicating no clear distance-
driven separation at this scale. Overall, the pattern is stable through time, shows an east-west gradientin
total metals, and indicates mix differences (Copper vs Arsenic/Chromium) along the vertical axis.

2.4 Summary of Subtidal Sediment Quality

This sixth year of monitoring shows good sediment quality: all contaminants were well below guideline
levels, so adverse effects on benthic life are not expected. Cadmium was generally undetectable. Mud
content has shown an increasing trend at the Control sites (1000m distance from the outfall) since the
first year of monitoring. Nitrogen and phosphorus were lower than last year; the spikes seen in 2024 were
not repeated, and current values align with the pre-2023 record. There was no clear pattern with distance
from the outfall, indicating no measurable enrichment from the discharge; the earlier nutrient peaks likely
reflected storm-driven runoff and coastal erosion rather than outfall effects.

Overall, results are consistent with previous years, some mild, system-wide lifts occurred in 2021 and
2024 but still stayed within thresholds. Compared with the pre-outfall baseline, concentrations are mod-
estly higher as expected in areceiving environmentyet remain below levels linked to effects; far-field sites
tracked with the rest, suggesting broadscale variability rather than distance-driven change. In sum, the
system appears stable, the outfall is not causing measurable seabed enrichment, and occasional nutrient
spikes are more plausibly tied to catchment inputs during major rain events.
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Figure 10. Principal Component Analysis on the average metal concentrations (recoverable total)
per year. Filled circles represent the sites 1000 m away from the outfall.
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3 SUBTIDAL BIOGENIC HABITAT MONITORING

3.1 Definition of biogenic habitat

Morrison et al. (2014) defined biogenic habitats as:

a) those living species that form emergent three-dimensional structure on the seabed, and

b) non-living structure generated by living organisms, such as infaunal tubes and burrows.

Examples of these habitats include shellfish beds (e.g. horse mussels, scallops, and oysters), kelp for-
ests, sponge gardens, rhodolith beds (free-living red calcareous algae), stony coral thickets or reefs, and
calcareous tubeworms (MacDiarmid et al. 2013; Morrison et al. 2009, 2014). They provide three dimen-
sional habitats for a high diversity of benthic species, and in some cases, provide nursery for shellfish
larvae, crabs and fish.

MacDiarmid et al. (2013) defined some of the biogenic habitats found in New Zealand North Island with
details in the percentage of cover for each type, such as:

Beds of large bivalves: Living or dead clams covering 30% or more of a seabed surface of 100m? or con-
tributing 30% or more by volume in a single grab sample.

Sponge gardens: sponges covering 25% or more of a seabed surface of 100m? or contributing 25% or
more by volume in a single grab sample.

3.2 Survey prior to the new outfall

Sjardin (2015) had identified two broad subtidal habitats between Tiritiri Island and Whangaparaoa Pen-
insula: the sandstone reef which extends from the intertidal reef system, becoming patchier offshore; and
the channel with a mixture of sand, shells and mud.

Kelly et al. (2018) characterised the biogenic habitat within a 2 km radius of the outfall with a combination
of photographs and video transects recorded in November 2017 and January 2018 respectively. Photo-
graphs of the bottom sediment were taken at fifty locations within 1 km from the outfall with a drop camera
system. Video transects were 2 km long, extending from the outfall to the north, south, east, northwest
and southwest. They found that the central passage and north had little visible shell. Horse mussel beds
were present north of the outfall to about 500m, south of the outfall to about 200m and southwest of the
outfall to about 300m. South of the outfall, from 200m distance, horse mussels were recorded but in
sparse distribution. Sponges were found all along the southern video transect and going southwest from
the outfall. Scallops were marked as probably present along the southern transect.
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3.3 Methodology

Subtidal biogenic habitats and large epibiota were monitored using a combination of underwater videos
and photographs. Video tows allow the spatial extent of biogenic habitats to be mapped, while photo-
graphs allow the abundance of epifauna to be assessed in more details (REMP 2019). The REMP specifies
this is to be repeated annually in April-May.

3.3.1 Photography methodology

The REMP stipulates that 75 randomly located georeferenced underwater photographs should be rec-
orded, such that 25 samples are to be located within a radius of 250m from the outfall, 25 are to be located
between 250m and 500m radius from the outfall and 25 are to be located between 500m and 750m radius
of the outfall. In addition, the 25 samples from each distance zone were equally distributed in five 72°
arcs to ensure even distribution of sample points in the study area. Seventy-five locations were generated
randomly following these criteria.

Drop camera N1000
Year 2025
within 250m
within 500m
. o ®
® within 750m

Video transect . _‘ ® [

——— Videotracks_method o | D ®
=== Transect parts with video footage = ¢ 1e @)

>>

E1000
250 7 500 m
-

Figure 11. Drop camera sites coloured with the radius from the outfall (coordinates in Appendix 5).
Coloured lines represent isobaths.

The camera system was mounted on a pyramid-shaped stainless-steel frame with a 1 m? surface square
atthe frame base. One camera was attached on top of the frame approximately one meter above the base
to have a field of view large enough to cover the 1 m frame on the sea bottom. The second camera was
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attached on the side of the frame approximately 30 cm above the base to photograph a side view (Figure
12 left photo). Side photographs allow to identify benthic features missed by the top view camera (Biore-
searches 2022).

Each camera was a Go Pro Hero12 model set on a time lapse of 2 seconds at 12MP resolution. Alightwas
attached next to the top camera to improve image quality of the seafloor. The camera frame system was
lowered by hand from the side of the boat at each predetermined photograph location. It was left on the
seafloor for 20 — 30 seconds before being pulled back into the boat.

Photographs were analysed for substrate type, and the presence of any identifiable epibiota (e.g. sponges,
macroalgae, horse mussels Atrina zelandica, scallops Pecten novaezelandiae, ascidians (like Synoicum
kuranui), macroalgae (like Ecklonia radiata, algal mat) were recorded. Maps were created in QGIS 3.34.9.
For the substrate type, we follow Kelly et al. (2018) who defined 5 types: Sediments, Sediments-low shell
content, Sediments-high shell content, Shell hash, and Reef.

Figure 12. Left: Drop camera frame with the dual camera system in position to drop to the seafloor.
Right: sled used for the video transects in surveys prior to 2023.

3.3.2 Video methodology

Fourvideo transects were originally conducted using an underwater camera attached to a bottom contact
towed sled (Figure 12 right photo). However, to avoid the damage of horse mussels by the sled, a non-
impact video method was used with a towed board (the “manta board”) manoeuvred by a diver (Figure
13). Despite ideal weather conditions during several fieldwork attempts, the visibility at the seabed was
always poor, limiting the identification of biota on the deepest parts of the transects, i.e. the northern part
of the North transect, and the eastern part of the East transect (Figure 11).
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3.3.2.1 Manta board/diver methodology

The GoPro camera was mounted on a wooden board attached to a rope towed by a boat (Figure 13). Holes
on the board acted as handles for the professional diver who was able to adjust the distance to the sea-
floor by tilting the board up or down during towing. A one-hundred-metre rope was deployed behind the
boat and towing was at a maximum speed of 3km/h. One diver can survey approximately 750m at that
speed before reaching the maximum safe dive time of 20min without decompression stops (based on the
maximum depth of 27m).

3.3.2.2 Video settings

The videos were recorded with a GoPro Hero12, with a 4k resolution and a frame rate of 30 f/s, with the
addition of a light for the low visibility. The video camera and portable GPS data were synced with the free
software Dashware 1.7.37 to georeference the video footage by linking the gpx file (track) recorded by the
GPS.

3.3.2.3 Video analysis

The video footage was analysed for the presence and type of biota dwelling on the seabed (particularly
sponge gardens, horse mussel beds, macroalgae forests, and nuisance macroalgae), and general habitat
characteristics. The substrate type categories described for the photographs were also used for the vid-
eos. The coordinates of major habitat features/transitions observed in the video were recorded using
Dashware and mapped using GIS. In addition to recording epibenthic features, the substrate was catego-
rised every 10 m along transects, and georeferenced.

3.4 Results and Interpretation

3.4.1 Limitations of the methodology: poor visibility

The photographs of the seabed were taken on the 19" of June, and the video footage on the 24" of July.
The REMP specifies that monitoring should be conducted in April-May. Since 2023, the total monthly rain-
fall in April and May at Army Bay has been higher than the average historical data (230mm vs. 76mm in
April and 150mm vs. 129mm in May) which affected the visibility in the Whangaparaoa Passage and re-
duced the available time for fieldwork. Therefore, the photo and video monitoring were delayed to June
and July 2025. Furthermore, it was observed that the water column in the Whangaparaoa Passage was
full of plankton resulting in poor visibility even without rain events occurring in the days prior to sampling.
Considering these factors, the 2026 photo and video monitoring could be trialled at an earlier period, i.e.
March.
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Figure 13. Left: Manta board with GoPro camera and light; Right: Diver getting ready for the descent.

3.4.2 Habitat quality around the outfall

The records of the epibiota features are listed in Appendix E Table 29 and Table 30, with photographs of
the seabed.

The substrate recorded in 2025 were consistent with the previous surveys: visual analysis of the photo-
graphs and video footage indicated that most of the locations around the outfall contained sediment with
no visible shell or with low shell (Figure 14). High shell content was present in the west towards the coast
of the peninsula. The reef was observed after 550m south-west from the outfall. The South transect was
mostly classified into the “sediment — low shell” category. The parts of the North and East transects sur-
veyed in 2025 were entirely in the “sediment” category.

Kelly et al. (2018) described horse mussel (Atrina zelandica) beds around the outfall to a distance of 200m
to 500m in all directions except east of the outfall. The monitoring surveys between 2020 and 2024 re-
vealed a similar distribution along the video transects to that described by the 2018 study (Bioresearches
2020, 2021, 2022, 2023, 2025). However, the 2025 survey showed a reduction in the density of horse mus-
sels, especially along the south transect (Figure 15). As before, horse mussels were associated with other
epibiota such as ascidians (Synoicum kuranui), finger sponges (Raspailia), and the Mediterranean fan
worm (Sabella spallanzanii) (Figure 16). With horse mussels covered with these biota assemblages com-
bined with the low visibility, it was not possible to identify live from dead specimens which are still up right
in the sediment. Moreover, the drop camera sites did not show any horse mussel.
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Figure 14 Substrate recorded from drop camera and towed video footage during the past 4 surveys

The high turbidity at the seabed and the layer of silt covering epibiota were observed at all drop camera
sites and along the video transects, suggesting an impact of sedimentation over the whole Whangaparaoa
Passage. In addition, the high plankton concentration in the water column in the Whangaparaoa Passage
is likely to have detrimental effects on the benthic biota, limiting light penetration in the water column.
The origin of high suspended particles is not known, but the consistency of high TSS in all sampling and
the visible effect on the whole monitored benthic area suggest an impact at a larger scale, possibly from
the erosion of the Hauraki Gulf coastline. There is no indication that the effluent plays a role.
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Figure 15 Horse Mussels’ distribution from drop camera and towed video footage during the past4
surveys

3.5 Summary of Subtidal Biogenic Habitat

A combination of drop camera photographs and video footage were deployed at different distances and
directions around the new outfall in order to map the biogenic features of the Whangaparaoa Passage.

Biogenic features detected by drop camera and video transects were the sediment texture, and the pres-
ence of horse mussels, sponges, and fan worms. Scallops are easily missed when buried in substrate
and were notdetermined with the current methodology. Substrate with shell can be found west of a north-
south line that passes through the outfall position, towards the Whangaparaoa shore. East of this line, in
deeper waters (> 25m deep), the sediment has rarely any shell and is mostly devoid of any epibiota.
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Figure 16 Examples of snapshots taken during the video footage with typical epibiota. More exam-
ples are displayed in Appendix E.

The most important biogenic habitat reported in the passage in previous studies was horse mussel beds
around the outfall. Video transects of the south and south-west in 2025 revealed a degraded habitat for
horse mussels, like in the previous year. The typical epibiota assemblage of horse mussels, colonial as-
cidians, finger sponges, and fan worms was covered by a layer of silt. The smothering of epibiota by sed-
iment was observed in the whole monitored area. This phenomenon is likely to occur at a larger scale in
the Hauraki Gulf.
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4 SUBTIDAL BENTHIC ECOLOGY MONITORING

4.1 Surveys prior to the new outfall

Aninspection of the old outfallin February 2000 gave some indication of the biota atthe time (White 2003).
Horse mussels (Atrina zelandica), scallops (Pecten novaezealandiae), dog cockles (Glycymeris sp.),
sponge and macroalgae beds were recorded. Sjardin (2015) found that Maldanidae (bamboo worms)
were the most abundant taxa in sediments next to the outfall.

Kelly and colleagues (2018) collected sedimentin November 2017 with a 2 L Van Veen grab sampler within
100m of the outfall, and 1.5 km north, east and south. At each of the four sites, 10 samples were analysed
for species composition. They found that polychaetes were the most diverse and abundant phylum. Near
the outfall, the most abundant taxa were the 3 polychaete taxa Cossura, Cirratulidae and Onuphis. The
Phoxocephalidae amphipods and echinoderms Ophiuroidea were also in more than 5% of individuals
counts.

4.2 Methodology

Stations for benthic sampling were located at 100, 250 and 1000m to the north, east and south of the
discharge outfall, and at 100 and 250m to the west (11 stations in total) to provide information of the spa-
tial extent of any impact of the discharge on the infauna (Figure 2). At each station, six replicate grabs
were taken with a Petite Ponar grab sampler. The sampler has a surface bite of 0.023 m” producing a
theorical sample volume of up to 2.4 L. An additional 4 kg of weights were added to the sides of the Petite
Ponar to aid bite depth along with an additional 2 kg of weights to the top of the Petite Ponar to aid grab
triggering due to strong currents in the Passage.

Sediment from the sampler was sieved through 0.5 mm mesh sieves with seawater on the boat. The ma-
terial retained on the sieves was transferred to a zip lock bag, and preserved with a 5% glyoxal, 70% etha-
nol and seawater solution to fix the animal tissues. For each sample, the bag was placed into another zip-
lock bag and stored in a plastic container to avoid any leak. In the laboratory, samples were rinsed after a
minimum of one week of fixing in glyoxal and sorted for biota. Individuals were identified to the lowest
practicable level, and enumerated, by an experienced benthic taxonomist (Rod Asher, Biolive, Nelson).

The ecological data were analysed using a mix of data plots, univariate and multivariate statistical meth-
ods to identify spatial trends in key species and indices of biodiversity and abundance. The biota matrix
was examined in relation to the sediment quality matrix, to determine if contaminants or grain size influ-
enced the benthic biota community around the outfall.

Four species diversity indices were considered: number of taxa S, number of individuals N, Margalef’s
richness d, and Pielou’s evenness J’ (calculated from the Shannon index H’). Margalef’s diversity index d
is calculated from S (number of taxa) and N (number of individuals).
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Pielou’s index is an evenness index considering dominance or rarity of species and is calculated from
Shannonindex H’ and S. If taxa are in equal numbers, J’is 1. If one species strongly dominates, J’ is close
to zero.

The Shannon index is calculated from the proportion number of a taxon i over the total number across all
taxa (pj).
s
H = - Z pilnp;
i=1

The diversity indices were compared between regions (west, north, east, and south of outfall) and dis-
tance (100, 250, 1000m from outfall) with ANOVA tests followed by pairwise comparison Tukey tests in R
(version R4.1.1, R Core Team 2023). When normality of data was not reached, Kruskal-Wallis tests were
used with subsequent pairwise comparison Dunn’s tests. All univariate tests were performed with an al-
pha value of 0.05.

A multivariate approach provides the ability to test differences in species assemblages between groups
(distances from outfall and regions). Multivariate tests were conducted with the software PRIMER-E (ver-
sion 8 beta 2.0 36, Quest Research Ltd). Bray-Curtis (B-C) similarity matrices were created on square-
root transformed density data. The data transformation down-weights the importance of abundant spe-
cies and gives more influence of the rare taxa. Non-metric multidimensional scaling (hnMDS) was used to
visualise the degree of similarity among samples of different groups on a two-dimensional plot. One-way
analysis of similarities ANOSIM (maximum permutations = 999) were performed on the B-C similarity ma-
trices to test the null hypothesis “no difference between groups”. The ANOSIM test is the multivariate
analogue of the univariate ANOVA test. In the case of significant differences between groups, a one-way
similarity percentage analysis SIMPER is needed to determine the taxa responsible for the differences be-
tween the groups. The multivariate procedure “data transform — Bray-Curtis - nMDS - ANOSIM - SIMPER”
has become a common statistical methodology for communities’ structure in the past 15 years (Clarke et
al.,2014).

The role of sediment quality on the benthic community composition was investigated by linking biological
variables on the nMDS plot with the physicochemical variables in the contaminant matrix. BIO-ENV rou-
tine in PRIMER assesses the “match” between the biota similarity matrix and the environmental variables
by calculating Spearman’s rank correlations with different subsets of environmental data.
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4.3 Results and Interpretation

4.3.1 General Biota composition

Taxa composition of benthic biota at the 11 sites around the new outfall is summarised in Table 6 for the
main taxa. Alltaxa are listed with densities for each sample in Appendix F. A total of 119 taxa were identi-
fied from the benthic samples with a total of 3,569 sorted invertebrates. Overall, the taxa with the highest
densities were polychaetes with 52% of the total number of counted individuals in the sediment samples,
and the Tanaid shrimp (11%). Polychaetes consisted of 20 species/group with Myriochele sp. (13%) being
the most abundant followed by Aglaophamus sp. (7%), Prionospio yuriel (6%) and from the Cirratulidae
(4%) family. The other significant taxon was the invasive mollusc Theora lubrica (4%) (Table 6).

Table 6. Summary of densities (hnumber/0.023 m2) and percentage densities for the main biota taxa.

All samples % by region % by distance (m)
’Taxa LR Total No. | % Total | East | North | South | West | 100 | 250 | 1000
Nemertea Nemertea Nemertea 32 0.9 0.3 | 0.9 22 |09 |15|09 | 04
Scaphopoda Scaphopoda  |Cadulus teliger 38 1.1 25| 0.7 08 | 0.0 | 09| 1.2 1.2
WArthritica bifurca 20 0.6 04| 1.3 0.0 00 | 1.1 | 03 0.4
Mollusca Bivalvia Mysella sp. 25 0.7 09| 0.9 1.0 | 0.0 | 0.0 | 0.8 1.2
Theora lubrica 151 4.3 6.4 | 6.1 18 | 0.3 | 6.3 | 35| 33
. Oligochaeta Oligochaeta 54 1.5 22| 15 16 | 08 | 3.2 | 11 0.5
Annelida -
Paraonidae 41 1.2 02| 1.0 1.0 28 | 15| 1.7 0.2
Cossura consimilis 135 3.8 3.7 | 45 76 | 05 | 57|18 | 45
iPolydora sp. 17 0.5 0.6 | 0.2 00 |11} 07| 07| 00
iPrionospio multicristata 50 14 03| 04 08 | 48 | 1.3 | 26 0.1
IPrionospio sp. 11 0.3 0.0| 0.9 00 | 00| 11| 0.0 0.0
Prionospio yuriel 206 5.8 ]10.9| 4.0 74 | 11 | 39 | 9.0 | 37
Barantolla lepte 67 1.9 0.6 | 0.0 34 | 55|34 |17 0.7
Heteromastus filiformis 78 2.2 01| 12 0.6 74 | 16 | 45 0.0
\Armandia maculata 102 29 02| 0.8 0.2 |11.2) 54 | 3.3 0.0
Polychaeta Sigalionidae 51 1.4 17| 21 12 | 03 |14 | 14 15
Hesionidae 18 0.5 04| 0.2 12 | 06 | 09| 03| 04
Syllidae 16 0.5 0.0 | 0.1 04 | 16 | 1.0 | 0.4 | 0.0
Exogoninae 62 1.7 13| 0.9 18 | 36 | 15|29 | 06
\Aglaophamus sp. 252 7.1 55109 | 94 | 19 | 80 | 5.0 | 8.8
Onuphis pectinata 40 1.1 1.0 | 0.7 30 | 09 ] 23|10 0.3
Dorvilleidae 65 1.8 0.0 | 3.1 06 | 30|22 |31]| 00
IMyriochele sp. 451 12.7 |32.7| 9.0 12 | 03 | 0.0 | 7.0 | 314
Cirratulidae 155 4.4 28| 46 | 110 | 19 | 48 | 3.1 | 5.6
Flabelligeridae 20 0.6 0.2 | 0.2 12 |11 ) 10| 06| 02
Terebellides stroemi 10 0.3 02| 0.1 08 | 04 |06 | 03] 00
Cumacea Cumacea 96 0.7 0.1| 0.1 24 | 15|19 |04 | 00
Arthropoda Crustacea Nebalia sp. 26 2.7 13| 14 06 | 79 | 34 | 37| 08
Tanaidacea Tanaid sp. 383 108 | 42| 258 | 38 | 06 | 51| 6.0 | 22.0
Isopoda IAnthuridea 15 0.4 0.0 | 0.1 00 |18} 0.1| 10| 0.0
Amphipoda Phoxocephalidae 84 2.4 14| 0.7 18 | 65 | 46 | 21 0.6
IAmphipoda Unid. 125 3.5 02| 15 54 | 98 | 69| 39| 0.0
Decapoda Pilumnus novaezelangiae 24 0.7 0.0| 05 1.2 15| 1.0 | 1.0 0.0
Decapoda (larvae Unid.) 14 0.4 0.1| 06 04 | 05 ] 05| 05 0.2
Ostracoda Cypridinoides sp. 52 1.5 18| 2.1 12 | 03 | 09| 15| 20
Trachyleberis lytteltonsis 116 3.3 7.3 | 3.0 08 | 01|12 |48 | 34
Cirripedia Balanus decorus 84 2.4 07| 07 | 114 | 14 | 11 | 53 0.0
Echinodermata  [Echinoidea [Echinocardium cordatum 34 1.0 13| 11 16 | 0.0 | 0.3 | 0.9 1.7
Ophiuroidea  |Ophiuroidea 60 1.7 14| 15 12 | 26|12 | 20 1.8
Chaetognatha Chaetognatha |Chaetognatha 28 0.8 14| 0.5 12 | 03] 11| 09 0.4

Note: light blue for 150<x<250 total individuals and light orange for 250<x<500 total individuals
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4.3.2 Benthic community distribution with distance and region in 2024

4.3.2.1 Diversity measures

Table 7 and Figure 17 present the diversity measures between regions and distances. The results of the
statistical tests are detailed in Appendix G. There were significant differences in taxa richness S, number
of individuals N, diversity d and evenness J’ between regions (Table 7, Figure 17). Variation between dis-

tances from the outfall was significant for d and J’ only.

Table 7. Mean diversity measures (£ 95% CI) by region and distance from outfall

Diversity measures

Distance from outfall

East

100m

250m

1000m

S —No. of taxa 14.7+25| 17.4+3.5 12.8 £3.0 23.7+6.2 [16.7+3.818.6+3.5|13.7+1.6
N - No. of individuals (56.9+17.4| 68.6+17.0 | 28.1+13.0 | 67.0+31.4 |44.0+15.7/57.5+ 15.3/62.9 + 21.1
d — Margalef’s index 3.5+0.5 3.9+0.7 3.7+x0.6 55+1.0 | 42+0.7 | 45+0.6 | 3.2+0.3
)’ — Pielou’s index 0.8+0.1 0.8 0.9 0.9 0.9 0.9 0.7+0.1
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Figure 17. Diversity measures (box plots) for benthic locations grouped by region.

Across regions, benthic diversity shows clear but moderate contrasts. West sites generally had the high-
estrichness and densities, more taxa and more individuals overall, and also the widest spread, indicating
patchier conditions with a few very rich sites. East and North showed mid-values for both richness and
abundance, with relatively tight boxes suggesting more consistent communities. South had the lowest
counts of taxa and individuals, but it showed the most even communities (species were shared more
evenly across samples, high Pielou’s J'). Margalef’s index followed the same pattern as richness, highest
in the West, intermediate in East and North, and lower in the South, reinforcing these differences. A few
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outliers are present (e.g., very high richness in the West and a single low-evenness East sample), but they
do not change the overall pattern that West supports the richest, most variable assemblages, while South
is poorer in taxa and numbers but comparatively well balanced in species composition (Appendix G, Table
35).

Regarding the distance factor, taxon richness (S) and Margalef’s index were highest at 100-250 m (peaking
at 250 m) and lowest at 1000 m, indicating fewer species at the far-field sites. Total abundance (N) tended
to be lower at 100 m and higher at 250-1000 m, although a few spikes occurred at both the near and far
distances. Evenness (Pielou’s J') was high and consistent at 100-250 m but dropped and became more
variable at 1000 m, suggesting that some far-field samples were dominated by a few taxa (Appendix G,
Figure 35). Overall, communities close to the outfall were more diverse and even but contained fewer in-
dividuals, whereas farther away there were more animals overall but fewer species and, at times, uneven
assemblages (Appendix G, Table 35).

4.3.2.2 Multivariate analysis

Species represented by only one individual in the whole dataset create noise in multivariate statistical
analysis. Therefore, out of the 119 taxa, the 26 taxa which occurred only once were grouped with a higher
taxon. The nMDS plot showed that benthic communities were different between regions and distances in
the Passage, with two distinct groups, South and West, along the horizontal axis (Figure 8). The distance
plot showed two loose groups, where most 1000 m samples cluster together on the left, while 100 m and
250 m samples overlap on the right. The 100 m samples are also the most scattered, suggesting higher
variability close to the discharge. The ANOSIM tests showed a stronger differentiation between regions (R
=0.38, p =0.0001) than between distances (R=0.13, p =0.0003) (Appendix G, Table 36 and Table 37).
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Figure 18. Non-metric Multi-Dimensional Scaling (nMDS) on benthic biota numbers (square-rooted)
color-coded to represent the two factors (Region and Distance). Vectors represented are

the most relevant to variation (correlation of 0.5).

Note: Species/groups in the top nMDS are Aglaophamus sp., Armandia maculata, Barantolla lepte, Bryozoa (Bushy), Cumacea,
Eunicidae, Exogoninae, Glyceridae, Heteromastus filiformis, Paraonidae, Phoxocephalidae, Pilumnus novaezelandiae, and

Prionospio multicristata.
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Although there was a substantial overlap among regions, there was a weak spatial signal in the species
mix. Samples from South tend to lie to the left of the plot, where the only strong vector pointing that way
is Aglaophamus sp., indicating this taxon is more characteristic of South sites. Most other vectors point
toward the centre-right of the ordination, where East, North and some West samples are more common,
suggesting relatively higher occurrences there of Heteromastus filiformis, Prionospio multicristata, Par-
aonidae, Exogoninae, Eunicidae, Glyceridae, Armandia maculata, Barantolla lepte, the crustacean
groups Cumacea and Phoxocephalidae, the crab Pilumnus novaezelandiae, and bushy Bryozoa. Overall,
species associations with region are moderate, with South distinguished mainly by Aglaophamus sp. and
the other regions sharing a similar suite of common polychaetes and small crustaceans (Figure 18, Ap-
pendix G).

The Primer BIO-ENV routine aims to find the best match between the multivariate among-sample patterns
of biota assemblage and that from environmental variables associated with those samples. The extent to
which these two patterns match reflects the degree to which the chosen environmental data ‘explains’
the biotic pattern. BIO-ENV carries out a complete search of all possible combinations of variables from
the data. BIO-ENV analyses showed weak associations between contaminants and benthic assem-
blages. For total recoverable metals, the highest Spearman rank correlation was 0.483 (Table 8). By region,
the best subsetincluded three or four variables: Arsenic, Zinc, Phosphorus, and Nitrogen (Range of 0.330);
by distance, Chromium, Zinc, and Phosphorus (Range of 0.483). For bioavailable metals, maxima were
also low (Range of 0.384; Table 9). By region, Lead and Arsenic performed best (Range of 0.384); by dis-
tance, Zinc alone (Range of 0.279). Overall, contaminants and % mud showed poor correspondence with
benthic community patterns across regions and distances, consistent with generally low contaminant
levels unlikely to affect organisms (Table 4). Therefore, the distribution of benthic biota was likely influ-
enced by physical parameters such as current, depth, and grain size.

Table 8. Results from the BIO-ENV routines with the total recoverable metals, nutrients and mud per-
centage (best correlations highlighted)

‘ Number of variables | Correlation (Spearman’s rank) | Variable combination
Between REGIONS (general rank 0.330)
1 0.320 Phosphorus
2 0.320 Arsenic, Phosphorus
3 0.330 Arsenic, Zinc, Phosphorus
4 0.330 Arsenic, Zinc, Phosphorus, Nitrogen
5 0.311 Arsenic, Chromium, Phosphorus, Nitrogen, %mud
Between DISTANCES (general rank = 0.483)
1 0.451 %mud
2 0.464 Arsenic, %mud
3 0.483 Chromium, Zinc, Phosphorus
4 0.468 Chromium, Zinc, Phosphorus, %mud
5 0.469 Chromium, Nickel, Zinc, Phosphorus, %mud

Note: The variables are REC_Arsenic, REC_Chromium, REC_Copper, REC_Lead, REC_Nickel, REC_Zinc, Phosphorus, Nitrogen,
and percentage mud.
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Table 9. Results from the BIO-ENV routines with the bioavailable metals, nutrients and mud percent-
age (best correlations highlighted)

‘ Number of variables | Correlation (Spearman’s rank) | Variable combination
Between REGIONS (general rank = 0.384)
1 0.384 Lead
2 0.384 Arsenic, Lead
3 0.375 Arsenic, Chromium, Lead
4 0.375 Arsenic, Chromium, Copper, Lead
5 0.375 Arsenic, Chromium, Copper, Lead, Nickel
Between DISTANCES (general rank = 0.279)
1 0.279 Zinc
2 0.272 Copper, Zinc
3 0.247 Copper, Nickel, Zinc
4 0.221 Chromium, Lead, Nickel, Zinc
5 0.221 Chromium, Copper, Lead, Nickel, Zinc

Note: The variables are BIO_Arsenic, BIO_Chromium, BIO_Copper, BIO_Lead, BIO_Nickel, BIO_Zinc, Phosphorus, Nitrogen, and
percentage mud.

4.4 Changes over time in benthic community

The most obvious change between the six years of monitoring was the total number of individuals found
inthe sediment. In 2020 during the first monitoring, 7840 benthic invertebrates were found in the samples.
During the subsequent monitoring surveys, the number of biota found in the sediment was largely re-
duced, with 4688 and 2981 individuals in 2021 and 2022 respectively. The abundance has increased to
3779 during 2023 and to 5163 in 2024, dropping again to 3569 in 2025.

Changes in biota present in the sediment does not give any indication on the health of the habitat, as in-
vasive species tolerant to pollution could settle and thrive in a degraded environment. Moreover, the pol-
ychaete communities which dominate the benthic communities by number, vary in composition between
years. Forinstance, in the North-East sites, communities were dominated in 2020-2021 by tube-building
taxa, Myriochele sp. and Ampharetidae together accounting for roughly half of individuals each year. Their
contribution decreased in later years, with moderate increases in small surface-deposit feeders such as
Cossura consimilis, Paraonidae, Prionospio sp., and a marked rise of Cirratulidae in 2024; 2025 appears
more evenly shared among several groups. In the South-West sites the mix was more variable, and op-
portunistic taxa were more prominent. Polydora sp. was among the main contributors in 2020-2021, Het-
eromastus filiformis peaked strongly in 2023, becoming the dominant taxon that year, and Amphareti-
dae/Cirratulidae increased in 2024-2025. Overall, North—-East was characterised by sustained dominance
of Myriochele sp./Ampharetidae early on, whereas South-West showed larger year-to-year swings with
pulses of Polydora sp. and H. filiformis.

The same sampling methods, seasonal timing, and identification experts were used during all five years,
eliminating the sampling methods, seasonality, or identification expertise level as potential sources of
variation. The changes in benthic composition overall highlight the high variation of composition in the
benthos with no clear factors of influence. Contaminants in all five years were found in concentrations
less than the effects guidelines. This dynamic variation without the influence of a contaminant source
questions the validity of the benthic composition to assess a potential effect from contaminants. Only a
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long-term monitoring over several years will allow to clarify the amplitude of natural variation, and the
sensitivity of the benthic communities to potential contaminant factors.
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Figure 19. Contribution of polychaete species (% number) per monitoring year combined between
North and East, and between South and West.

4.5 Summary of Subtidal Benthic biota composition

Overall, a total of 119 taxa were identified from the benthic samples with a total of 3,569 sorted inverte-
brates. Polychaetes dominated (~52%) with notable taxa Myriochele sp., Aglaophamus sp., Prionospio
yuriel, Cirratulidae; crustaceans included Tanaids (~11%). The invasive bivalve Theora lubrica occurred
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(~4%). Significant regional differences were identified. West had the highest richness and density (but
patchy). South had the lowest richness/abundance yet the most even assemblages. East/North were in-
termediate and more consistent. Overall, distance effects were weaker than regional effects.

Multivariate analyses showed moderate separation by region and weak by distance. BIO-ENV correlations
(testing link between contaminants and biota distributions) were low to moderate (max ~0.48). Best
matches involved the combination of As, Zn, P, N (by region) and Cr, Zn, P or %amud (by distance). This
indicates sediment chemistry explained only a small fraction of biological pattern.

There was a marked interannual variability in the polychaete species without a consistent direction.
North-East was dominated early by tube-builders (Myriochele sp., Ampharetidae), shifting later toward
small deposit feeders (e.g., Cossura consimilis, Paraonidae, Cirratulidae). South-West showed larger
swings with pulses of Polydora sp. and strong peaks of Heteromastus filiformis in 2023. Across all six
years, contaminants were below effects guidelines; with consistent methods/season/taxonomy, ob-
served changes most likely reflect natural variability, not contaminant pressure.

In conclusion, because regional differences exceed distance-from-outfall effects, and sediment chemis-
try explains little variation, there is no clear, consistent footprint of the discharge on infaunal communities
to date. Benthic composition is dynamic and may be a low-signal indicator at this site without long time
series; continued, standardised monitoring is warranted to define natural variability and detect subtle
shifts.
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5 INTERTIDAL MACROALGAE DISTRIBUTION

5.1 Macroalgal surveys prior to the new outfall

Previous surveys were carried out during the monitoring of the old outfall’s discharge (White, 1999), for
the upgrade of the old outfall (Sjardin, 2015), and for the renewal of the discharge consent (Kelly, 2018).
Here, only the last study from Kelly (2018) is detailed regarding the macroalgal communities found in the
“Qutfall Bay”. Outfall Bay was identified in Kelly et al. (2018) as the Bay between Whangaparaoa Head
and Huaroa Point where the outfall pipe goes out to sea (Figure 1). The same name was used in this sec-
tion for consistency. Outfall Bay has an extensive intertidal zone formed by sandstone platforms extend-
ing up to 200 m east at each extremity of the Bay (Figure 20). The macroalgae (including cyanobacteria
Lyngbya asp) identified by Kelly et al. (2018) were listed in Table 10.

Table 10. List of algae species found during the intertidal survey by Kelly et al. (2018)

Algae species Occurrence

High Shore splash zone

Bostrychia arbuscula - encrusting \ Common - patches
|Upper and mid- shore

Corallina officinalis - turf Abundant
Hormosira banksia Abundant
Codium convolutum Occasionally
Lyngbya sp. (depressions) Common
|Mid to lower shore

Colpomenia sinuosa Abundant
Corallina officinalis - turf Abundant
Hormosira banksia Abundant
Lyngbya sp. (depressions) Occasionally
Splachnidium rugosum Occasionally
Scytothamnus australis Occasionally
|Low tide limit

Jania verrucosa Common
Ecklonia radiata Common
Carpophyllum spp. Common
Sargassum sinclairii Common
Cystophora torulosa Common

5.2 Methodology

The REMP described how discharged wastewater could affect macroalgae by:

e “increasing growth and abundance due to increased nutrients.
e changingthe species composition, due to the different nutrient requirements of different species.

¢ decreasing growth and abundance due to increased turbidity and total suspended solids.
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Of particular concern are blooms of nuisance macroalgae or cyanobacteria (blue-green algae), such
as those from the genus Ulva, Gracilaria and Lyngbya.”

To assess the potential effect of the outfall effluent onto the closest intertidal habitat (Outfall Bay),
macroalgal communities were identified and mapped by photography drone survey and ground survey the
11™ of March 2025. The best conditions for algal blooms are during the warmest months, i.e. January to
March. The last survey since the new outfall was conducted in March 2023 (Bioresearches 2023).
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Figure 20. Area to be surveyed by drone for aerial photography.

A DJI Phantom 4 Pro V2 model drone with a one-inch CMOS camera sensor was used for the survey (Figure
21). Several different altitudes were trialled to identify the optimal one: Flight altitude was set to 80 m
above ground level, producing a ground sampling distance of 2.18 cm/pixel which provided a high level of
accuracy while maintaining efficient speed of coverage. The flight path was programmed with Pix4D Cap-
ture to stop at each image capture location; this was done to eliminate motion blur in the captured im-
ages. Image overlap was set to 65% to allow more precise stitching of the orthomosaic.

The survey area was divided into two parts: south of Huaroa Point (Outfall Bay) and north of Huaroa Point,
to be able to keep visual contact with the drone during its flight. The flight plans and distribution of photo-
graphs are presented in Figure 22.
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After the survey, georeferenced photographs were combined using the “stitching” processing tool Agisoft
Metashape Pro. Once Processed, the two survey areas were combined and stitched together inside
Agisoft Metashape Pro to produce one overall orthomosaic, showing the full extent of the survey. The algal
blooms were mapped by tracing the outlines of visible beds/patches.
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Figure 22. Flight paths and geo-centre of each photograph taken. Whole Outfall Bay on the left;
around Huaroa Point on the right.

The areas of the shore accessible by foot were ground-truthed by visual inspection and identification just
after the drone survey. The locations of algal communities identified directly by visual identification were
matched with the composite photograph. The description of the intertidal zone was limited to algae. In-
vertebrates were not assessed.
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5.3 Results and interpretation

The drone survey was carried out in the morning of the 11 March 2023 on a sunny day, with no wind and
flat sea, two hours on either side of the low tide.

As described in previous surveys of the area (Kelly 2018, Bioresearches 2021), the Outfall Bay mid to lower
shore sandstone platform was dominated by Coraline turf (Corallina officinalis), and Neptune’s necklace
(Hormosira banksia), with occasional Codium fragile. The sublittoral fringe was bordered with brown sea-
weed Carpophyllum spp., Sargassum sinclairii and Cystophora retroflexa (vvvv). Rock depressions where wa-
ter accumulates had a more diverse algae community with the Coralline Corallina officinalis commonly
dominating.

Ridged platform south of the Bay covered with Neptune necklace and Coralline turf
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T

Sublittoral fringe with brown seaweed Carphophyllum, and Cystophora

Figure 23 Examples of typical seaweed communities of the Outfall Bay intertidal shore

Small patches of green algae, possibly Ulva compressa, were covering the coralline turf in rock pools all
along the Bay (). Cyanobacteria Lyngbya was present in the same areas in depressions along the ridges.
These patches were not dense and colour-contrasted enough to be visible on the aerial photographs. The
Neptune’s necklace has a green-brown colour, similar to the cyanobacteria bloom (). However, we are
confident that significant algae blooms would be visible by aerial photography.

The algae patches noticed during the survey were very localised. Opportunistic algae bloom rapidly when
conditions of temperature, nutrients and light are optimal. Nuisance macroalgal blooms are common in
estuaries and coastal waters all over New Zealand (Nelson et al., 2015). The blooms disappear when con-
ditions change (Bioresearches 2021). Due to the emplacement of the outfallin the Passage and the strong
currents North-South, it is unlikely that the nutrients from the outfall would influence Outfall Bay.
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Figure 24 Composite image of aerial photographs of Outfall Bay. Algal blooms are represented by the orange patches: green algae in rock pools

and Lyngbya in depressions along ridges

Job Number: 68022 52 Date of Issue: 29 September 2025



Army Bay Wastewater Treatment Plant Bioresearches "

A B:
Environmental Monitoring of the Benthos in the Whangaparaoa Passage (Autumn 2025) abbage Company

Close up —green algae Close up -Lyngbya

Figure 25 Examples of algal blooms identified at the Outfall Bay, March 2025
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5.4 Summary of intertidal macroalgal cover

To assess the potential effect of the outfall effluent onto the closest intertidal habitat (Outfall Bay), macroalgal
communities were identified and mapped by photography drone survey and ground survey in March 2025.

The algae patches recorded during the intertidal survey (possible Ulva and Lyngbya) were very localised in
rock pools and depressions, as previously observed during the 2021 and 2023 intertidal surveys. Oppor-
tunistic algae bloom rapidly when conditions of temperature, nutrients and light are optimal. The blooms
disappear when the water temperature drops in autumn.

The consecutive series of mapped macroalgae (and green-blue algae) data could be used to show
changes in the extent of natural and nuisance macroalgae beds around the outfall site over time. None-
theless, due to the emplacement of the outfall in the Passage and the strong currents North-South, it is
unlikely that the nutrients from the outfall would influence Outfall Bay.
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6 CONCLUSIONS

This report presents the sixth annual monitoring of the subtidal benthic ecology, and the sediment qual-
ity inthe vicinity of the new outfall since its first use (April 2019). Data were collected in autumn and winter
2025 between the 6" of May and the 24™ of July 2025. In addition, an intertidal algae survey was conducted
in the Bay west of the outfall, “Outfall Bay”.

The sixth annual monitoring indicates that the discharge is not showing measurable adverse effects on
the marine environment to date. Sediment quality remains good with contaminant levels below guideline
thresholds, and no clear enrichment from the outfall discharge is evident. Biogenic habitats such as horse
mussel beds show signs of smothering by sediment, likely reflecting broader environmental processes
rather than localized impacts. Benthic community composition exhibits natural variability with regional
differences exceeding any distance-related effects from the outfall. Intertidal macroalgal communities
near Outfall Bay remain localized and typical, suggesting minimal influence from the outfall's nutrients
due to strong ambient currents. Continued standardized monitoring is recommended to delineate natural
ecological fluctuations from potential future changes related to the discharge, ensuring long-term protec-
tion of the receiving environment.
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APPLICABILITY AND LIMITATIONS

Restrictions of Intended Purpose

This report has been prepared solely for the benefit of Watercare Services Ltd. as our client with respect
to the brief. The reliance by other parties on the information or opinions contained in the report shall, with-
out our prior review and agreement in writing, be at such party’s sole risk.

Legal Interpretation

Opinions and judgements expressed herein are based on our understanding and interpretation of current
regulatory standards and should not be construed as legal opinions. Where opinions or judgements are
to be relied on, they should be independently verified with appropriate legal advice.

Maps and Images

All maps, plans, and figures included in this report are indicative only and are not to be used or interpreted
as engineering drafts. Do not scale any of the maps, plans or figures in this report. Any information shown
here on maps, plans and figures should be independently verified on site before taking any action. Sources
for map and plan compositions include LINZ Data and Map Services and local council GIS services. For
further details regarding any maps, plans or figures in this report, please contact Bioresearches.
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Appendix A

Coordinates of benthic samples (Sediment quality
and biota)

Table 11. Coordinates of benthic samples

\ Benthic Samples | Latitude Longitude
Outfall -36.5929 174.8502
N100 -36.592 174.8501
N250 -36.5906 174.8501
N1000 -36.5838 174.8499
E100 -36.5928 174.8513
E250 -36.5928 174.8529
E1000 -36.5927 174.8613
5100 -36.5938 174.8502
$250 -36.5951 174.8502
$1000 -36.6019 174.8504
W100 -36.5929 174.849
W250 -36.5929 174.8474
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Appendix B Grain Size data and analysis

Table 12. 2025 Grain size data (%) on dry weight basis, Hill Laboratories.

Granules and Coarse sand Medium sand Fine sand SR
gravel (mud)
0.25-0.5mm (0.063-0.25 mm <0.063 mm
N100 A 17.1 5.1 0.7 8.1 69
N100B 23.6 6.7 1.2 8.7 59.8
N100C 28.2 5.5 1.1 8.2 57
E100A 25.5 5.5 0.7 6.9 61.4
E100B 28.2 8.9 14 9.5 52.1
E100C 9.4 4.3 1.1 15.3 70
S100A 14.9 4.6 0.9 9 70.7
S100B 24.3 6.5 1.2 10.9 57.1
S100C 40.8 7.9 0.9 7.4 43
W100A 26.7 9.5 1.1 9.8 53
W100B 36.8 12.8 2.1 12.3 36
W100C 28.6 10.4 1.6 8.9 50.5
N250 A 18.6 5.3 0.8 11.4 63.8
N250B 5.5 2.8 0.6 8.9 82.2
N250 C 1.2 0.7 0.4 10.2 87.4
E250 A 0.4 0.7 0.4 6.8 91.7
E250 B 1.8 1.2 0.5 6.7 89.9
E250 C 0.4 0.9 0.6 8.5 89.5
S250A 24.1 8.2 1.7 9.2 56.8
S250B 45.3 9 1.6 7.4 36.7
S250C 39.6 10 1.6 6.2 42.6
W250 A 52.5 17.3 3.3 6.7 20.2
W250 B 52.5 12.5 2.3 6.2 26.5
W250 C 43.6 14.4 2.4 7.5 32.1
N1000 A 1.9 0.3 0.3 14.7 82.8
N1000 B 0.7 0.5 0.2 13.5 85.2
N1000A 1.7 0.6 0.5 16.5 80.8
E1000A 8.4 9.6 5.3 15.3 61.5
E1000B 14.4 5.4 1.5 10.3 68.4
E1000C 12 4.3 2.2 13 68.4
S1000 A 20.5 8.1 1.8 8.5 61.2
S1000B 22 8 1.4 8.8 59.8
S1000C 21.3 8.9 1.6 8.8 59.3
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Table 13. Certificate of Analysis for 2025 grain size.

##HillLabs

R J Hill Laberataries Limitad 0508 HILL LAB (&4 555 22)
28 Duke Street Frankton 3204 b4 7858 2000
Private Bag 3205 = mail@hill-labs.conz

Hamilton 3240 Mew Zaaland

wisvehill-labs.co.nz

Sample Type: Sediment

icate of Analysis Page
Client: | Bioresearches Lab No: 30907820 5P
Centact: | Laureline Meynier Date Received: | 04-Jun-2025
G/- Bioresearches Date Reported: 14-Jul-2025
PO Box 2828 Quote No:
Auckland 1140 Order No:
Client Reference: | 68022
Submitted By: Laureline Meynier
Sample Type:
Sample Name: Sed-N100 a Sad-N100 b SedN100 © Sed-E100 a Sed E100 b
21-May-2025 21-May-2025 21-May-2025 06-May- 2025 DE-May-202%
Lab Number:; 38070291 3807TOZE.2 3807029.3 3IBOTOZE.A 38070295
7 Grain Sizes Profile as received
Dry Matier of Sieved Sampie 9/ 100 a8 rovdl & 40 45 4z £
Fraction == 2 mm /1009 dry wt 7.1 23.8 20.2 2n8 0.2
Fraclion = 2 mm, /= 1 mm /100 dry wi i3 42 33 34 55
Fracion < 1 mm, >'= 300 um o100y dry wi 1.0 1.1 53 21 am
Fraction = 500 pm, 5= 230 um G000 dry wh a7 12 11 0.7 14
Fracion < 230 pm, >'= 123 pm  g100g dry wi ar 4.1 i X1 1.3
Fracon < 125 pm, >'= &3 jsm o100y dry wi 44 Y] 40 30 1]
Fraction = 63 um 01000 dry wt £3.0 6.0 57.0 814 52.1
Sample Name:| Ss=d-E100c Sed-S100a Sed-5100 b ‘580-5100 © Sed-W100 3
06-May-2025 D8-May-2025 Of-May-2025 08-May- 20253 21-May-202%
Lab Number: 3070290 3B0TOIE.T 3807029.0 IBOTOINH 390702510
7 Grain Sizes Frofile as recefved
Dry Matier of Sieved Sample /1000 a5 rovd 2 43 44 = ]
Fraction >/= 2 mm @ 100g dry wt a4 143 243 408 207
Fraction = 2 mm, /= 1 mm /1009 dry wt 28 3z 4.1 5.1 1]
Fracton = 1 mm, /= 300um G009 drywt 1.7 14 2.4 28 28
Fracion < 300 jm, >'= 230 pm  g100g dry wi 1.1 o8 12 (E:] 11
Fraction = 230 pm, 5= 123 um 00 drywt as e 5.1 3.3 e
Fraction = 123 pm, 5= 83 am o100 drywt a5 5.2 oo 4.4 1]
Fraction < 63 pym o100y dry wi 0.0 TOT -1 X1 430 530
Sample Name: | Sed-Wiodb Sed-W100 © Sed-N230 a Sed-N250 b Sed-N230 ¢
21-May-2025 21 May-2023 21-May-2025 21-May- 2025 21-May-2025
Lab Number: | 3s07aza.14 3007028.12 3907029.13 IBOTE2E.14 390782913
7 Grain Sizes Profile 2 received
Dry Matier of Sieved Sample /100y as rovd £ an 43 a7 41
Fraction == 2 mm /1009 dry wt L 208 1me 5.3 12
Fraclion < 2 mm, /= 1 mm /100 dry wt as Ta 33 1.8 0.3
Fracion < 1 mm, >=300um  G100g drywt s 20 20 1.2 0.4
Fraction = 300 pm, 5= 230 um G100 drywt 21 1.8 o.e 0.8 0.4
Fraction < 250 pm, 5= 125 pum  oH00D drywt 3.0 27 48 28 27
Fraction < 128 pm, == 83 am 00 drywt 73 0.2 [.1.] 6.3 (2.1
Fraction = 83 um /1009 dry wt 0.0 0.3 53.0 n22 o7
Sample Name: | Sed-E250 2 Sed-EZI0 b SedEX30 ¢ Sed-5250 a Sed-5270 b
06-May-2025 D8-May-2025 Of-May-2025 08-May- 20253 DB-May-202%
Lab Number: | 3s07az3.18 3B07BZEAT 390782918 3B0TEZEAG 350725 20
7 Grain Sizes Profile as recelved
Dry Matier of Sieved Sample /1000 as rowd £ E") ar 4n 43
Fraclion == 2 mm /100 dry wt a4 1} o4 241 453
Fracion < 2 mm, >'= 1 mm o100y dry wi 03 o 04 5.0 (-5
Fracton < 1 mm, %= 300um  g/00g drywt a4 on os a2 28
Lab No:  3907829-5Pv1 Hill Labs Page 10f 3

samplg Mame: Sed-EZ30 a ‘Sed-E250 b Sad-EZ30 C Sed-S230 a Sed-S5230 b
0B-May-2028 D-May-2023 08-May-2028 Dd-May- 2023 DO-May- 2023
Lab Number:| 330782318 3BOTEIEAT 3307829.18 3B0TAZE G 3B07825.20
7 Grain Sizes Profile as received
Fracton = 500 pm, == 250 um /1000 dry wh 04 [T s 17 18
Fraction = 250 pm, == 123 um  5/'100g dry wt 24 -] a1 47 a0
Fracion = 128 pm, == 83 jsm  /100g dry wt a7 41 5.4 as 44
Fracton = 83 um 01000 dry wi 817 ang L LT 0.7
Sample Name:| =S=d-5230c Sed-WI30 a Sed W20 b Sed W20 o Sed-M1000 &
0B-May-2025 21-May-2023 21-May-2025 21-May- 2023 21-May-2025
Lab Number:| 3so7azazi IBOTOEE I 3907029.23 3BOTOZE. 24 3B07029.23
7 Grain Sizes Profile as. recetved
ey Matier of Siewed Sample  o/100g as rowd =0 o7 28 o 33
Fraction >= 2 mm 0100 dry wt 380 az.3 02.0 4380 1.8
Fracton = 2 mem, == 1 mm /100 dry wt T 107 a1 80 oz
Fracton = 1 mm, >/=500um  §/100g dry wt 29 L] 44 5.4 [X]
Fraction = 500 um, == 230 um  5/100g dry wt 18 23 23 24 o3
Fraction < 200 pm, >= 120um  §/100g dry wt 28 =11 2.0 =1 21
Fracton = 128 pm, == 63 sm  0/1000 dry wt a7 Y] s a8 120
Fraction = 63 um /1009 dry wt 428 20.2 208 3z o2.0
Sample Name:| Sed-N1000 b Sed-N1D00 ¢ Sed-E1000 a Sed-E1000 b Sed-E1000 ¢
21-May-202% 21-May-2023 21-May-2025 21-May-2023 21-May-2025
Lab Number:| 3307a23.30 3BOTEIE.IT 3907029.20 3507TAZE 25 3B07825.30
7 Grain Sizes Profile as recetved
Dry Matier of Sieved Sampie  0/100g a8 rovd 3 a1 4n a4 38
Fracton =2 mm /100g dry wt ar 17 a4 144 120
Fracon < 2 mm, == 1 mm 100y dry wt az 03 48 as 24
Fracion < 1 mm, =/=500um  o/100g dry wt a3 LE] a1 13 18
Fracton = 500 pm, == 250 pm  §/100g dry wt 0z os a3 13 22
Fracton < 250 pm, == 125 pm  g/100g dry wt 17 1.1 1.8 LT Bz
Fracion = 128 pm, == 83 sm  0/100g dry wt 18 137 a7 aa an
Fraction < 03 um 0/100g dry wt 032 00 e1.3 oo 0.4
Sample Name:| Sed-51000 a 08-May-2023 | S5ed-51000 b 00-May-2025  Sed-51000 c 06-May-2025
Lab Number: 3507m25.34 3907829.32 390782533
7 Grain Sizes Profile as recetved
Dry Matier of Sieved Sampie  9/100g a8 rovd =0 40 40
Fracton == 2 mm /100y dry wt ms 220 3
Fracton = 2 mm, /= 1 mm o100 dry wt 43 a1 a6
Fracton = 1 mm, >=300pm  g/100g dry wt 3z 28 a3
Fracton < 500 pm, == 230 pm  g/100g dry wt 18 14 16
Fracion = 250 pm, == 123 um  0/100g dry wt 42 43 a7
Fracion < 120 um, >= 03 am  §/100g drywt 43 40 4.1
Fracton = 63 pm /100 dry wt 612 3.0 183

Summary of Methods

Tha Iskiowing tablels i ges 3 brief deacTipton of the mehods e IS CONGUCE fie Sy o i job. The delechon it gaven bekow o tose sitarmsle 8 ey s pe T
Dhatacton lrmita may b highar i3 NGridUs EampSe: ShouE nEsfCient Sample e meisbie, o7 F fhe mat g Ht S USon e perioeed derng ansiyain. A delecton B range
inchc st B kowasd and highasi detecion limits i e ssacciisd wsis of sniyies. & ol laling of compounds and delsction imits ar svaiabis o e Inborsiory ugon rcusst

Uinins oharwis indicaied anayses wars parkrmed s 1l Late, 28 Duls Siresl, Frankion, Hamilion 3204

Sample Type: Sediment

Test Method Description Default Detection Limit | Sample No

T Grain Sizes Profie 2= receved

Dy Matier for Grainstrs samples. Drying for 18 hours at 103°C, gravimetry (Free waler removed 10.10 g1 DOg as rowd 1-33

(siewed as reosived) before analysis).

Fracfion == 2 mm Vet sieving with disparsant, as recefved, 2.00 mm sieve, 0.1 g"100g dry wt 132
gravimetry.

Frac#ion < 2 mm, =/~ 1 mm Wet sieving using disparsant, as recetved, 2.00 mm and 1.00 0.1 p"100g dry wt 1-33
mim skaves, grovmetry (calculation by dfferance).

Fraction = 1 mm, =f= 500 um Wet sieving using dspersant, 2s received, 1.00 mim and 300 0.1 gr00g dry wt 133
T sleves, gravimetry (calculation by differsnce).
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Sample Type: iment
Yeut P p——— e ——r——y E—— - R J Hill Laboratories Limited | 7. 0508 HILL LAB (44 555 22)
Frac#ion < 800 um, == 230 pm Vet sieving using dispersant, as recetved, 300 pm and 250 pm 0.1 /100 dry wt 133 I abS H_Duk!Sh‘!etFluk‘hmm 416_'?85_82!][!]
sleves., gravimeiry jcalculation by difersnce). Private Bag 3205 1 mail@hill-labs.co.nz
Fracton = 200 um, == 120 um Wit sieving using dispersant, as recetved, 230 um and 123 um 0.1 3/100g arywt 133 Hamilton 3240 New Zealand | 5 www hill-labs. co.nz
skeves,, gravimery (calculation by differsnce). = .
Fraction < 123 um, >/= 83 jam et steming using dspersant, as recetved, 123 pm and 63 pm 0.1 100 drywt 133 Certificate of Analysus e 10f3
skeves., gravimetry (calcutatian by differsnce).
Fraction < 03 um (Wet sieving with dispersant, as received, 83 Jm sieve, 0.1 p/00g dry wt 1-33 Client: | Bioresearches Lab No: 3007829 SUPv
ATy ¥ By Contact:| Laureline Meynier Date Received: | 04-Jun-2025
Thesze samples were collscied by yoursshves (o your agant) and analyssd as recetved al ihe labonatony. C/- Bioresearches Date Reported: 14-Jul-2025
Testing was complsted betwesn 30_Jun-202% and 4-Ju-2023. For completion dabes of iIndividual analyses plesss conbact the borabory. PO Box 2828 Quote No:
Auckland 1140 Order Na:
Samples are Rsid at the lahoratony after reparting for & ength of time based on e stabiity of the samples and analyies baing tested (considering any Client Reference: | 68022
preservation used), and fie storage space avallable. Onoe the storage period Is compleied, the samples ane discarded unless oihenaise agreed with | } )
Ihe custamer. Extended siorage Lmes may ncur addional charges Submitted By: Laureline Meynier
Thes certiicabe of analyss Must Ot be FEpFDCUCed, except In Tl wihoul the witten conssnt of the signatory. B
- Sample Name: Sad-N100 a Sed-N100 b Sed-N100 © Sed-E100 a
21-paay-2023 21-May-2025 21-May-2023 08-May-2025
Lab Number: 380TA29.1 3B0TAZE. 2 3807029.3 3807028 .4
%f‘ﬂ‘t—s 7 Grain Sizes Profle as received
Dry Matier of Sieved Sampie — 9/i00g as rovd an 40 40 42
Kam Harrison MEo Fracion >= 2 mm ¥ 00g dry wt 171 Y] 0.2 ma
‘Ccih vl Mg - Ewri—t Fraction < 2 mm, >= 1 mm Q¥100g dry wi 33 az a3 34
Fraction = 1 mm, == 500 pm g100g dry wi 18 25 232 21
Fracton = 500 jm, = 230 um  o/100g dry wt o7 12 1.1 o7
Fraction < 250 ym, >= 125 um  o/100g dry wt a7 a1 1] 33
Fracion < 125 jm, =63 sm  0/100g dry wt 44 an a8 30
Fraction < 63 pm Q¥100g dry wi 880 T 7.0 014
Sample Name: Sed-E100 b Sed-E100 © Sed-5100 a Sed-5100 b
OO-May-2025 06-May-2025 OB May-2025 DO May-Z025
Lab Number: 3B0TAZ9.5 IBOTOZE.0 3B07OE.T 39070290
7 Grain Sizes Frofile as recetved
Dry Matter of Sieved Sample /1005 a5 rovd 4 [ 43 T}
Fraction == 2 mm o100g dry wi 2 B4 14.8 243
Fraction < 2 mm, >= 1 mm Q¥100g dry wi L] 1] az 41
Fraction < 1 mm, /= 300 gm Q¥100g dry wi ET 17 14 24
Fracton = 500 jm, >= 230 um  o/100g dry wt 14 1.4 a8 12
Fracion < 250 ym, >= 125 um  o/100g dry wt 58 na an 51
Fracion < 125 pm, =63 sm  0/100g dry wt 33 L1} 5z 58
Fraction < 63 pm Q¥100g dry wi 821 TO0 0.7 o7
Sample Name: Sed-5100 ¢ Sed-W100a Sed-W100 b Sed-W100 c
DO-May-2025 F1-May-2025 21-May-2025 21-May-Z025
Lab Number: 3B0TAZE.5 360702610 350782911 IBATH2E. 12
7 Grain Sizes Profile as recelved
Dvy Matler of Sieved Sample g/ 100g as rovd 1 a0 £} 48
Fracton == 2 mm oI100g dry wt 408 6.7 6.8 wme
Fraction < 2 mm, &= 1 mm o100g dry wi 54 LT as 78
Fraction < 1 mm, /= 300 gm Q¥100g dry wi za 28 as zn
Fraction < 500 jam, 5= Z30 um i 100g dry wi T 1.1 21 18
Fracton = 2530 ym, >= 125 um  o/100g dry wt 33 e 3.0 27
Fracton = 125 jm, >= 63 am  0/100g dry wt 41 80 73 62
Fraction < 83 um o100 dry wi 430 230 36.0 50.3
Sample Name: Sed-MN230 a Sed-M230 b Sed-N2m ¢ ‘Sed-E230a
21-May-2023 21-May-2023 24-May-2023 DB-May-2025
Lab Number: 3507E28.13 3507026 14 390782915 IBATH2E. 18
7 Grain Sizes Profile as received
Dry Matier of Sieved Sample /1005 a5 rovd 43 ar 41 ar
Fracton == 2 mm 100g dry wt e 3.3 12 0.4
Fraction < 2 mm, &= 1 mm o100g dry wi 33 1. a3 03
Fraction < 1 mm, = 300 gm Q¥100g dry wi Z0 12 04 o4
Lab No:  3907829-5Pv1 Hill Labs Page 3 of 3 Lab No: 3907829-SUPwvi Hill Labs Page 10f 2
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Sample Type: 5

Sample Nama: ‘Sed-51000 ¢ 06-May-2023
Lab Number: 3307029.33

7 Grain Sizes Profile as received

Dry Matier of Sieved Sample  9/100g as rovd 48
Fracton >= 2 mm 01000 ary wt 21.3
Fraction < 2 mm, >'= 1 mm 100G dry wt a9
Fracton < 1 mm, =/=300pm  /100g drywt 33
Fraction < 300 pm, =230 um  '100g dry st 16
Fracon < 250 pm, == 123 pm  g/100g drywt AT
Fracion < 128 pm, == 63 am  0/100g drywt 41
Fraction < 03 um 01000 ary wi o8.3

The reporied uncertainty s an expanded uncertainty with a level of confidence of approxdmalely 35 percent (e, two standar deviations,
calculated using a coverage facior of 2). Reporied uncertmnties are calculabed from e performance of typical malrices, and donot Include
wariation due o samoling.

FFor further information on uncestainty of measurement at Hill Laboratorkes, refer io the techrical noie on our website:
awrw Rl aboratories comaliesnintro_To_UOM pdf, or contact the laboratory.

Summary of Methods

Tha follewing iableis) ges u brief descripion of the mefhocds used i consuct e snalyses for s job. The delecion imits geen bekre o thoss skisinable n § relaively smps ns
Diwiachion lrmia muy e highar for individual sampies shoutd nesficien sampls e soisble, or 7/ mairis g that Sluions be perommed during snaiysis. A deiscion &mi rangs

IehentE 1 krant B RS BENZESR LITA 17 18 SESOCE §ufs S Aryian A bl Bring sl SITESUNSL A dalactisn Imis S suaialis Bom s mEoraony Lpsn repuant

ircizaind HNI Lata, 28 Dt Sivwsal, Pranbicn, Hasmdion 1204
1ple Type

Test Method Description Default Detection Limit | Sample No

T Grain Sizes Profie as reccived

Dy Matier for Grainsize samples Drying for 18 hours at 133°C, gravimeiry {Free waler removed 0.10 g/ 1009 as rovd 4-33

fsieed ax receed) befors anatysis).

Fraction == 2 mm Wiet sheving with dispersant, as recetved, 200 mim sievs, 0.1 g 0og dry wi 1-33
pravimetry.

Fraction < 2 mm, /= 1 mm [Weet sleving using dspersant, as recefved, 2 00 mm and 1.00 0.1 g/100g dry wi 133
T Skavess, gravmestry (calculation by differance).

Frac#ion < 1 mm, =/~ 300 um W'et sieving using dispersant, as recefved, 1.00 mm and 300 0.1 p00g dry wi 1-33
\sm sieves, gravimetry (calculation by difference).

Fraction = 300 um, == 230 um Vet SiEving Lsing dispersant, as recefved, 300 um and 250 um 0.1 g/100g dry wt 1-33
skeves., gravimetry (caloulation by difference).

Fraction =250 ym, == 125 pm Vet sieving Lsing Ospersant, as recefved, 230 um and 123 um 0.1 p100g ary wt 133
skeves, gravimetry (Calculation by differsnce).

Fracton = 125 um, = 63 jam [Weet slewing using dispersant, as recefvwed, 125 um and 63 pm 0.1 gH00g dry wt 133
Skeves, gravimetry (calculation by difference).

Fraction < @3 pm Vet shewing with dispersant, as recefved, 03 Jm sheve, 0.1 g/100g dry wi 133
gravimetry by dfference).

Thess sampies were collecied by yourselves (or your agent) and analysed as recetved at the laboratory.

Testing was compisied between 30-Jun-2025 and 14-Ju-2023. For completion dabes of individual analyses please contact the labarabory.

Samples are hald at the laboratory affer reporting for a length of time based on the siability of the samples and analyles being tesbed {considering amy
preservation usad), and e storage space avallatile. Onoe the siorage pesiod Is completed, (e samples ane discarded uniess cihensiss agreed with
the custamer. Exterded storage mess may incur addiional changes.

This certificabe of analysis must not be reproduced, sxcept in full, without the writisn conssnt of the signalory.

.
Kim Harrison MSc
Chant Sarvices Manager - Ervronmental

Sed-NI30 a Sed-M250 b Sed-N2B0 © Sed-E230 a
21-May-2025 21-May-2023 21-May-2025 00-May 2025
3BOTORE.13 3BOTOZE.14 390702913 3807923.10
Fraction < 500 pm, >'= 250 um  g/'100g dry wt (¥ oe 0.4 [
Fraction <250 pm, == 123 pm /1000 dry wt 48 ze 27 21
Fraction < 120 um, >= 63 am 51009 drywt oo o3 7.5 47
Fraction < 83 ym o/100g dry wt .51 azz BT4 B1.T
Sample Name: Sed-E230 b Sed-E250 Sed-5250 & Sed-S230 B
DO-May-2025 0G-May-2023 O0-May-2025 00-May-2025
Lab Number: 3BOTHZEAT 3BOTOZE.108 390782915 3907829.20
7 Grain Sizes Frofile as received
Dry Matier of Sieved Sample 9100 as fovl 34 ar 40 43
Fraction =/= 2 mm o'100g dry wt 18 L 241 an3
Fraction < 2 mm, == 1 mm /100G dry wt o7 04 2 62
Fraction < 1 mam, >/= 300 um '100g dry wt -] [T-] 3z 28
Frachion < 300 pm, >'= 250 um  g00g dry wt 03 oe 17 18
Fraction < 250 pm, == 123 pm /1000 dry wt 28 34 4T 30
Fraction < 120 um, >= 63 am 51009 dry'wt 4.1 o4 43 44
Fraction < 63 ym '100g dry wt nes .- %] 6.0 T
Sample Name: Sed-5230 ¢ Sed-W230 a Sed-Wa2m0 b Sed-W230 ©
DO-May-2025 21-May-2023 21-May-2025 21-May-2025
Lab Numbar: 380782521 30702822 3907829.23 3907029.24
T Grain Sizes Frofile as recetved
Dry Matier of Sieved Sample 9100 as rovl o0 a7 a8 o3
Fraction =/= 2 mm o'100g dry wt ELT ] 225 m25 FET )
Fraction < 2 mm, &= 1 mm /100G dry wt 7 107 [X] 80
Fraction = 1 mem, >=300um G100 drywt 23 L] 44 54
Frachion < 300 pm, >'= 250 um  g/00g dry wt 18 33 23 24
Fraction < 250 pm, == 123 pm /1000 dry wt 23 28 28 23
Fraction < 125 pm, >=6315m 01000 dry wt 37 e =1 48
Fracton < 63 ym '100g dry wt azo 202 6.5 3z
Sample Nama: Sed-N1000 a Sed-H1000 b Sed-N1000 o Sed-E1000 a
21-May-2025 21-May-2023 21-May-2025 21-May-2025
Lab Numbar: 3B0TEZE.25 300702020 3907829.27 3907029.20
T Grain Sizes Frofile as recetved
Dry Matier of Sieved Sample 9100 as rov EC) o 41 40
Fraction =/= 2 mm o'100g dry wt 13 o7 17 .1}
Fraction < 2 mm, &= 1 mm 100G dry wt 02 0.2 03 43
Fraction = 1 mem, >=300um G100 drywt o4 03 0.3 51
Fraction < 300 pm, >'= 250 um  g/100g dry wt 03 0z [F] 53
Fraction < 250 pm, == 123 pm /1000 dry wt 24 17 28 118
Fraction = 125 pm, >=6315m 01000 dry wt 126 18 137 a7
Fraction < 63 ym @/100g dry wi ozao a3z o0.6 o153
Sample Nama: Sed-E1000 b Sed-E1000 o Sed-51000 a Sed-51000 b
21-paay-2023 21-May-2023 06-May-2025 08-May-2025
Lab Numbar: 3B0TEZE.29 I007028.30 3907429.31 3907029.32
7 Grain Stzes Profile as recetved
Dry Matier of Sieved Sampie 9100 a8 rov 44 a 30 40
Fraction >/= 2 mm @/100g dry wi 144 120 205 20
Fraction < 2 mm, == 1 mm I100g dry wt 33 24 48 51
Fraction = 1 mem, >=300um G100 drywt 13 18 3z 23
Fraction = 300 4m, >'= 250 um G100 dry st 13 22 18 14
Fracton < 250 pm, == 123 pm /1000 dry wt 63 82 4z 43
Fraction = 125 pm, >=6315m 01000 dry wt 3 e 43 43
Fraction = 63 um /100g dry wt L 604 o1.2 580
Lah Na:  3907329-S5UPv1 Hill Labs Page 2 of 3

Lab No:  3907829-5UPv1 Hill Labs Page 3of 3
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Appendix C  Sediment quality data and analysis
R=0.74 R=0.69 R=0.59 R=0.76 R=0.69 R=0.69
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2 T o o i ok
B.Q 40 «* - 3 .: . - : . : 3
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Figure 26. Mud content (%) correlations with total metal concentrations.

Table 14. 2025 Contaminant data (mg/kg dry weight) for the total recoverable fraction (<500 um).

- %d . Total Total Total Total | Total | Total Total
Stations weig?llt ‘ TOC %d.w. ‘ Nitrogen| Phosphorus Arsenic | Cadmium ‘Chromium Copper | Lead | Nickel Zinc
E100A 45.9 1.5 1200 510 5.2 <0.12 35 10 14 12 70
E100B 60.3 1.4 1500 320 6.0 <0.11 31 8 12 11 61
E100C 43.1 1.4 1600 570 6.4 <0.11 34 9 14 12 68
E100 49.8 14 1433 467 5.9 <0.11 33 9 13 12 66
95%ClI 10.4 0.0 236 148 0.7 = 2 1 1 1 5
E250A 40.9 1.6 2000 580 7.5 <0.11 37 10 16 13 73
E250B 38.4 1.7 1400 600 7.1 <0.12 38 10 16 13 77
E250 C 40.6 1.6 1900 610 7.4 <0.1 39 10 16 13 76
E250 40.0 1.6 1767 597 7.3 <0.11 38 10 16 13 75
95%ClI 1.5 0.0 364 17 0.2 = 1 0 0 0 2
E1000A 46.3 1.3 1800 690 6.6 <0.059 26 5 11 9 48
E1000B 35.5 1.5 2200 770 6.4 <0.068 29 7 12 10 54
E1000C 35.4 1.6 2400 660 8.5 <0.082 39 9 17 13 74

E1000 39.1 1.4 2133 707 7.2 <0.070 31 7 13 10 59
95%Cl 7.1 0.2 346 64 1.3 = 8 2 4 3 15
N100A 32.0 1.4 2400 710 5.5 <0.081 29 8 13 11 61
N100B 324 1.5 2200 630 5.6 <0.059 28 8 13 10 57
N1o0C 34.9 1.5 2200 590 6.9 <0.063 33 10 16 12 70

N100 33.1 1.5 2267 643 6.0 <0.068 30 9 14 11 63
95%ClI 1.8 0.0 131 69 0.9 = 3 1 2 1 8
N250A 35.2 1.4 2300 680 5.8 <0.063 29 8 14 11 62
N250 B 39.6 1.5 2100 380 5.9 <0.063 29 8 14 11 64
N250 C 32.0 1.5 2400 670 6.8 <0.078 33 9 15 12 71

N250 35.6 1.4 2267 577 6.2 <0.068 30 9 14 11 66
95%ClI 4.3 0.1 173 193 0.6 = 3 1 1 1 5

N1000A 28.4 1.3 2800 850 8.5 <0.064 37 10 18 14 78
N1000B 38.5 1.2 2300 580 7.6 <0.064 32 9 16 12 68
N1000 C 35.1 1.3 2400 770 7.8 <0.057 34 9 16 13 69
N1000 34.0 1.3 2500 733 8.0 <0.062 34 9 17 13 72
95%ClI 5.8 0.0 299 157 0.5 = 3 1 1 1 6
S100A 55.5 1.5 1200 400 6.5 <0.11 35 10 14 12 92
$100B 51.8 1.5 890 390 6.4 <0.097 34 10 14 12 66
$100C 54.3 1.5 1700 430 5.8 <0.094 33 9 14 12 67

$100 53.9 1.5 1263 407 6.2 <0.10 34 10 14 12 75
95%ClI 2.1 0.0 462 24 0.4 = 1 0 0 0 17
S250A 46.0 1.5 1500 470 5.6 <0.09 34 9 13 12 66
$250B 54.9 1.4 1500 390 6.4 <0.1 34 9 14 12 67
§250 C 54.8 1.6 840 200 6.0 <0.1 34 9 14 12 68

$250 51.9 1.5 1280 353 6.0 <0.1 34 9 14 12 67
95%ClI 5.8 0.1 431 157 0.5 = 0 0 1 0 1

S1000A 59.2 1.4 720 300 6.6 <0.098 36 10 14 13 70
$1000B 51.1 1.5 1500 480 6.8 <0.096 34 9 14 12 66
$1000 C 48.6 1.4 1600 510 6.2 <0.1 33 9 12 11 64

Job Number: 68022

Date of Issue: 29 September 2025



Army Bay Wastewater Treatment Plant Bioresearches "

AB
Environmental Monitoring of the Benthos in the Whangaparaoa Passage (Autumn 2025) abbage Company

$1000 53.0 14 1273 430 6.5 <0.098 34 9 13 12 67
95%ClI 6.3 0.0 545 129 0.3 = 2 1 1 1 3
W100A 49.5 14 1600 390 5.9 <0.069 29 9 14 11 63
W100B 49.2 1.3 1600 380 4.9 <0.055 23 7 11 9 48
W100C 35.1 1.4 2000 600 6.4 <0.067 27 8 13 10 58
W100 44.6 14 1733 457 5.7 <0.067 26 8 13 10 56
95%ClI 9.3 0.1 261 141 0.9 = 3 1 2 1 9
W250 A 68.0 1.0 860 320 3.2 <0.057 12 4 6 5 27
W250 B 60.3 1.2 890 330 4.7 <0.065 20 6 10 8 42
W250C 52.4 1.2 1200 390 4.7 <0.061 19 6 10 7 42
W250 60.2 1.1 983 347 4.2 <0.061 17 5 9 7 37
95%ClI 8.8 0.2 213 43 1.0 = 5 1 2 2 10

Table 15. 2025 Contaminant data (mg/kg dry weight) for the weak acid extractable fraction (<63 um).

Extractable | Extractable | Extractable | Extractable | Extractable | Extractable | Extractable

‘ Stations % dry weight ‘

Arsenic Cadmium Chromium Copper Lead Nickel Zinc

E100A 28.1 2.5 <0.061 21 6.4 15 7.1 63
E100B 25.6 2.7 <0.083 22 6.5 16 7.3 64
E100C 33.9 2.9 <0.049 20 6.1 16 6.9 61
E100 29.2 2.7 <0.064 21 6.3 16 7.1 63
95%ClI 4.8 0.2 - 1.1 0.2 0.7 0.2 1.7
E250 A 26.1 2.8 <0.069 19 5.6 14 6.1 57
E250 B 25.3 2.7 <0.06 21 5.8 14 6.8 58
E250 C 24.6 2.4 <0.061 19 5.4 14 6.1 55
E250 25.3 2.6 <0.063 20 5.6 14 6.3 57
95%ClI 0.8 0.2 - 1.3 0.2 0.0 0.5 1.7
E1000 A 21.4 2.5 <0.057 19 4.6 14 5.6 53
E1000 B 24.1 2 <0.056 18 4.4 13 5.3 50
E1000C 22 2.1 <0.052 19 4.8 14 5.5 53
E1000 22.5 2.2 <0.055 19 4.6 14 5.5 52
95%ClI 1.6 0.3 - 0.7 0.2 0.7 0.2 2.0
N100A 25.6 1.9 <0.054 17 5.1 13 5.3 51
N100B 22.4 2.5 <0.062 20 6.3 14 6.3 60
N100C 26.6 2 <0.045 20 6.4 15 6.6 61
N100 24.9 2.1 <0.054 19 5.9 14 6.1 57
95%ClI 2.5 0.4 - 2.0 0.8 1.1 0.8 6.2
N250 A 20.9 2.5 <0.061 20 6.2 15 6.6 61
N250 B 23 2.3 <0.056 18 5.3 14 5.8 54
N250 C 24.5 1.9 <0.052 18 5.6 15 5.7 56
N250 22.8 2.2 <0.056 19 5.7 15 6.0 57
95%ClI 2.0 0.3 - 1.3 0.5 0.7 0.6 4.1
N1000 A 23.6 2.8 <0.052 20 5.6 15 6.6 58
N1000B 25.7 2.1 <0.047 16 4.6 12 5.1 48
N1000 C 27.4 1.7 <0.046 17 4.9 13 5.4 51
N1000 25.6 2.2 <0.048 18 5.0 13 5.7 52
95%ClI 2.2 0.6 - 2.4 0.6 1.7 0.9 5.8
S100A 26.3 2.4 <0.049 21 6.4 15 7 61
S100B 24.4 2.5 <0.05 19 6 14 6.3 57
S100C 26.5 2.7 <0.07 22 7 17 7.3 69
S$100 25.7 2.5 <0.056 21 6.5 15 6.9 62
95%ClI 1.3 0.2 - 1.7 0.6 1.7 0.6 6.9
S250A 25 21 <0.066 20 6.3 15 6.6 62
S250B 23.8 21 <0.048 18 5.9 15 6 59
S$250C 33.7 2.2 <0.035 18 5.8 14 5.8 55
S$250 27.5 2.1 <0.050 19 6.0 15 6.1 59
95%ClI 6.1 0.1 - 1.3 0.3 0.7 0.5 4.0
$1000 A 27.3 2.1 <0.043 20 6.1 15 6.3 61
$1000 B 27.1 2.6 <0.052 20 6.3 16 6.5 62
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$1000 C 26.9 2.3 <0.053 18 5.6 14 5.8 56
$1000 27.1 2.3 <0.050 19 6.0 15 6.2 60
95%Cl 0.2 0.3 = 1.3 0.4 1.1 0.4 3.6
W100 A 25.5 2.3 <0.052 20 6.5 15 6.5 60
W100 B 26.4 2.4 <0.048 20 5.9 15 6.3 57
w1o00C 25.2 1.9 <0.048 18 5.6 14 5.5 53
w100 25.7 2.2 <0.049 19.3 6.0 14.7 6.1 56.7
95%Cl 0.7 0.3 = 1.3 0.5 0.7 0.6 4.0
W250 A - - - - - - - -
W250 B - - - - - - - -
w250 C - -
w250 - - - - - - - -
95%Cl - - - - - - - -
Note: W250 were not analysed due to limited sediment material available, which was prioritised for Total recoverable metal anal-
yses.
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Figure 27. Nitrogen (mg/kg dry weight) box plots per site compared between monitoring surveys.
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Figure 28. Phosphorus (mg/kg dry weight) box plots per site compared between monitoring surveys.
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Table 16. Certificate of analysis for the contaminant concentrations.

W g

Watercare

Laboratory Services

Certificate of Analysis

Watercare Services Limited

52 Ainires Ave. Mingers. Auckland, 2022
PO Bow 107028, Auckland, 2150

T: 0800 522 365

chansupporifwater o ra
o walorearlabe. oo Az

Laboratory Reference: 250528-075

Afention: Lananedire Ma s Final Roport:
Chant: 'WATERCARE SERVICES LTD Foport fssuo Dato:
Address. 500 Ishand Road, Mangere, Auckland, 2022 Recatved Dafe:

927180
13-Jun-2025
26-May-2025

Weak Acid Extractable Metals by ICP-MS—Trace {Dry Wi Basis)

Arsenic (Weak Acid Extractable) maky 25" 2T ¢
‘Cadmiim {Weak Acid Extractable) kg <0061 * <0083 *
Chromism (Weak Acid Exraciable} gy 2 2
‘Capper (Weak Acid Extractabie) gy 6.4 " B85 *
Lead {Weak Acid Extractable) iy 18 * 16 *
Nicked (Weak Acid Extractabls) gy rA 73"
Zinc (Weak Acid Exractable] gk 63 * 64 ¢

28 ¢ 24 ¢
<0049 * <0.048 ¢
20 ¢ 7
81" 64 "
1% * 15 *
88 * 70"
81 * 61 *

Sample Detalls

Arsenic (Weak Acid Extractable) gy 25 * a7 - 28 * 27"
‘Cadmium {Weak Acid Extractatis) gy =005 * =007 * 0069 * =0.08 *
Chromism (Weak Acid Extractable] g 1" a2+ 1" 21"
‘Capper (Weak Acid Extractabie) maky X 70" 568 * 58 *
Lead {Weak Acid Extractable) ks 14" 17 14 L
Nicked (Weak Acid Extractabls) gy 6.3 * 73" B1* 66 *
Zinc [Weak Acid E: i 57 * 68 ¢ 57 * 58 *

Rapot Numbar:  S82T18-0 Waeroars Laboratons Senvcas

Paoe 1045

Sample Detalls (continued)
Lab Sampie ID:
Ciient Sampie ID:
Sample Date/Time.
Description:

Sed-E250c <83

DEDS2025
Sed-5250a <83

Metals

Wieak Acid Extractable Metals by ICP-MS—Trace (Dry Wi Basis)

DENS/2025
Sed-5250b <83

Sed-5250c <£3

|Becoverable Metals by PCP-MS (<500 wm fr

Arsenic (Weak Acid Exiractable) gy 24 ° 21 21°* 2z*
‘Cadmium (Weak Acid Extractaile) iy <0061 * <0068 * «0.048 * 0035 *
Chromium (Weak Acid Extractable) mghg " 0" 18 * 18 -
‘Capper (Weak Acid Extractable) mghy 54 ° 6.3 * 58 * 58
Lead (Weak Acid Extractabie) gy 14 15 * 15 * i
Mickel (Weak Acd Extractabla) iy 61" BE * 80 * 58 *
Zinc (Weak Acid Extractable) mghg - 2 -

Sample Detalls

Lab Sample 1D: 250526-075-13 2B0E26-075-14 250526-075-15 250826-075-16
Cliant Sample iD:

Sample Date/Time 0B052025 DEMDSF2025 DEMDS025 OBASIE
Description: Sed-S1000a <63 Sed-5 10000 <63 Sec-S1000c <63 Sed-E100a <500
Total Mitrogen (as N, Dry Weight Basis) mghg - - - 1200 *
Total Solids % ey s 0 * 458
‘Wieak Acd Extraction Comgleled * Completed * Comglsted * -

Metals

Nickel (Weak Acd Exiractabbe)
Zinc (Weak Acid Extractable)

Hill Laboratones Misoolaneous Test

Arzenic (Recoverable Dry Wi gty - = - 52"
Cadmium {Recoverable Dry W) mata . . . w012 *
Chramism [Recoverable Dry W) mg'g - - - 35 *
‘Caopper [Recoverable Dry Wi.) iy - - - 86 "
Lead (Recovesable Dy W) mghg) - - - "
Wickel {Fiecovembie Dry W) gt . . . 2
Zinc [Recowerable Dry W) mghg) & & & 70
|Becaverable Metals by ICP-MS—Trace

Phaspharus (Recoverable Dry Wt ) mgtg| - - - 810
|ieak Acid Extractable Metals by ICP-MS—Trace Dy Wi, Basgis)

Arsenic (Weak Acd Exiractable) mghg) FA 26 " 23* -
‘Cadmium (Weak Acid Extractable) mphy 0043 * <0052 * <0053 * L
Chromism (Weak Acid Extractable) mghg) 0 * 20 ¢ 18 * &
Copper Weak Acid Extractable) gty [XR] 63 58 * %
Lead (Weak Acid Exiractable) mghg) 15 18 * 14" &

Sample Detalls

Lab Sampls iD-
Client Sample i

Arzenic (Recoverable Dry Wi iy 6.0 * 64 ° 65 * 6.4
‘Cadmium (Recoverabls Dry W) mghy =011 * =011 * =011 * =0.087 *
Chromism (Recoverable Dry W) mghg) n - 34 35 * I
‘Copper (Recoverable Dry W) iy a4 - a3 ar* 9B "
Lead {Recoverable Dy Wi.) gty 12 * 14+ 14 4
Nickel {Recoverabls Dry Wt ) mghy i 12 * 12 * 12+
Zinc [Recoverable Dry Wt ) gy &1 * B8 * az* 66 *
Ropod Humbar,  S8ZT18-0 ‘Watercare Laboradony Sardcas Page2od§
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Sample Details (continued) SOLIDS 15 SOLIDS

Sample Details (continued)

General Testing

Metals

|Becoverable Metals by ICP-MS (<500 um fractionl—T,

Arsenic (Recoverable Dry Wi) mgtg) L1 [
Cadmium (Recoverabis Dry Wt mgtg 0,066 * <0t
Chromism [Recoverable Dry W) makg) 34 33
Capper [Recoverable Dry W) g 21 ° aE "
Lead {Recoverable Dy Wi gy 14 12 *
Mickel {Recovesabie Dry Wi.) gty 12 4 "
Zinc [Recoverable Dry W) gy B8 * B4 *
|Recoverable Metals by ICP-ME—Trace

Phasphorus (Recowerable Dry W) g | 450 510

Total Nitrogen (as N, Dry Weight Basis)
Total Solids

retals Hill Laborataries Miscelaneous Test Report attached * Report attached *

— Fasuils mavkod with ™ are Nl Sccreaitod i oM atonal ACCadtanon Naw Zoand. A dash isNcaas no fst parnnmod

Recoverable Metals by ICP-MS [<500 m fraction}—Trace Whom samples have bean suppiod by the chand, fhay an feslod as recaked

Arsenic (Recoverable Dry Wi ) g hg) 58 * 75 °* Ti* T4 The msulls of analysis contained in s mpor relaio only i e sampes) fesied. Whene sample cofeciion was perbrmed by e iborafory, e resulls of
Cadmium {Recoverabie Dry W) g =0 004 ¢ i1 ¢ 012 * i * arvalysis conlained in this ot rakild ol 1 NG sampies] cofdried.

Chromism (Recoverable Dry Wt} gy 33 - i 38 3@ - Metheda

(Recoverable Dry W) gy a1 10+ 0 LA rederred o in this report
Lead (Recoverabls Dry W) mghg) s 18 * 18 * 16 * =
Mickel {R=coverabls Dry W) gy i2* 13+ 13 i3 *

Zino (Recoverable Dry WE} makg) &7 * 73" 77 6 " g
| Recoverable Metals by ICP-MS—Trace Tootal Mirogan {as N, Dry Weight Basis) by ColorimaingDiser X 18, 17. 18, 10, 20,
wia Analysar Soc. Sol Sci (2008) 2,223,438,
Phosphanus [Recoverable Dry Wi.) % 27,78, 20,30
Total Sobds by Gravimatry APHA [oning ediion) 2840 & 1% 16, 17, 18, 10, 20, Auckiand
Hill Laboratores Miscslanecus Test 2,223,243,
26, 27, 18, 20, 30
Sample Detalls Tl Solids by Gravimetry APHA [onBn sdison) 2840 G 1,234, 8,67, Auckand
B.0,10 11,12
13, 14, 15
Recoverable Metals by ICP-MS (<50 ym fraction)—Trace
Arsenic [Ruccarabic Dry W) APHA [oniing edficn) 3125 B by ICPME 002 kg 16, 17, 18, 10, 30, Auckiand

&l Testing ;:‘.::2
Total Nitrogen (as N, Dry Weight Basis) mghg) Cadmium |Recovarabia Dry W) APHA [onling edfion) 3125 B by ICPMES M mgkg 16, 17, 18, 190, 20, Auckiand
Total Solids l 3,223, 24 =,

=, 27. 38, 30, 30
W Chromium [Recoweraila Cry Wi APHA [oniing sdfion) 3125 B by ICFES 002mgky 16, 17, 18, 10, 30, Auckiand
|\ Becaverable Metals: b ICP-MS (<500 m fractient—Tmes e
Arsenic (Recoverable Dry Wi ) gty 56 * 64 * 60 * TE it
i Dry W) 000 1 1 0.008 * Copper {Racoverabla Dry W) APHA [onling sdifion) 3125 B by ICPME 0.05 mgkg :"z; |B.: m, Auckland
Chramitsm (Recaverable Ory Wt ) [ 34 34 3 36 ;ﬁ.z:ﬁm?
Caopper (Recoverable Dry W) g 82" 24 a4 * ar* Laad (Recoverabie Ory Wi APHA, [onling ediion) 31235 B by ICPME 0.03 mgky 16, 17, 18, 10, 3, Auckiand
Lead {Recoverable Dry W) mghg| 13 * 14 14 * " - 21,223, 24 38,
Micke! {Riecoverable Dry We) g 12 ¢ 12+ 12 13 B, 27, 3, 20, 30
Zine (R cable Diry Wt ) poal o - 3 B8 * — Mickal [Racoverabia Dry Wi APHA [onina sdiion) 3125 B by ICPMS 005 mgkg 16, 17. 18, 10, 3, Auckiand

L 21,22 1, M4, 3,
Recoverable Metals by ICP-MS—Trace 26, 27, 38, 20, 30
Phaosphans [Recoverable Diry Wi.) Zinc (Recoarabla Dy Wi ) APHA [oning sdiion) 3124 B by ICPMS 078 mgky 16, 17, 18, 10, 20, Auckiand
- 21,22 1, M4, 3,
Subcontracting 26, 27,78, 20,30
Hill Laboratones Miscelanecus Test Report attached * Repaori attached * Repaori attached * Repari atiached * Recoverable Metals by ICP-MS—Trace

Phosphans, (Recoverabia Dry Wi AFHA (oG edficn) 3125 B by IGPME Zmghg 16, 17, 18, 10, 20, Auckiand
Sample Details 21,22 7, 4, 3,
=,27. 38, 20 30
Lak: Sample i0: 25052607529 250526-07
— B S Weak Acid Metals by ICP-ME—Trace [Dry Wi Basis)

DateTime Arsanic (Waak Acid Exraciaba) APHA [onnG ediion) 3125 B by ICPMS 002 mgkg 1,234,667, Aukiand
e 06052025 DE0S/2025 89,10 11,12
Description: Sed-S 10000 <500 Sed-51000c <500 13, 94,18
T Cadmium (Waak &cid Extractabia) APHA [onina sdiion) 3125 B by ICPMS O mgkg 1,2,314,5,67, Aukiand

aneral Testing 89,10, 11,12
Total Nitrogen {as M, Diry Weight Basis) 13, 14,18
Rapod Numbar:  S82T18-0 ‘Watercans Laboratory Sanvcas Page 3ot § Ropod Number: 5827180 ‘Watercans Laboratony Bervicas Pagud ol s
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Weak Acid Metals by ICP-MS—Trace [Dry Wi Basis)
Chromium [Weak Ackd Exraciabla) APHA, [oniina sdison) 3125 B by ICPUES 0.02mghg 1,2, 3.4,0,67, Aukiand
B0, 10, 11,12,
13,14, 15
Copper {Waak Acid Estraciabia) APHA [oning ediion) 3125 B by ICPMS 005 kg 1.2,14, 567, Auwkand
B0, 10, 11,12,
13,14, 15
Laad (Waak Akl Exiractabk) APHA [onlina sdison) 3125 B by ICPUES 003 mghg 1,2,3.4,6,67, Aukand
5,0, 10, 11,12,
13,14, 15
Rkl [Waak Ackd Exraciabla) APHA [onlina edion) 3125 B by ICPUS 005 mghg 1,2,3.4,5,67, Aukand
B0, 10 11,12
13,14, 15
Zinc (Waak Ackl Exractabic) APHA [onling sdiion) 3128 B by ICPMS 078 mghg 1,214 6,67, Aukiand
5,0, 10, 11,12,
13,14, 15

Subcontracting

Hill Labovainnies Miscalansods Test 16, 17, 18, 19, 20, Soa adached
2,223 24 M,
36, 27. 28, 2. 30

Preps - D not report

APHA [online ediion) 2840 & 16, 17. 18, 19, 20, Auckland
M,22.73 4 8,
36, 27,18, 20 30

Digast for Recovrabie Matals in Soids. US EPA 2008 (1:1 NiricHydruchioric Acid) 16, 17, 18, 10, 30, Auckland
2,228,148,
6,27, 3, 20,30

Digast for Recovarabia Matals in Soids. S EPA 2008 {1:1 Niriz Hydrochionic Asid) 16, 17, 18, 10, 20, Auckland

M.2213 498
2%, 27,28, 20 30
Siave io-<500 um In House 16, 17, 18, 19, 20, Auckland
M,2223,. 4.8,
26, 27,28, 20 30

i I =63 Micron I House 1,234,867, Auckiand
80,10 11,12,
13, 14,18
Waak Ackd Exiraction for Eclids Auckiand Regional Councl Technical 1,234,867, Aukiand
Pubibcation 968 (2 M Hydrochion: Acd, 24 89,10 11,12
Peoiirs) 13, 14,15

The method defection i [MOL) Fsted is he ol atixnablo i a relafivedy clean madTe. ¥ dilufions anre requied lor analysis dhe defection iimd may be figher.
For more infbrmation please coniaof e Compllance and Projects Manager.

Eamplos. with sufable proservation and stabdity of analyics. will ba hald by ha laboratory for a pariod of teo wesks afier resulis hawa been reporiod. unkss ofhoreisa
adhised by e submitiar

Wallorcang Laboratory Services is @ division of Watercars Services Linitad .
‘This Epor sy nob be reproduced, except in full, without the writles authority of the Compliance e Propects Managis.

ok ALty
Compliance ard Projcts Manager

Repod Humbar:  SBIT18-0 ‘Wintercars Laboratony Berdcas Page 5ol §
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Bioresearches *&"

A Babbage Company

Environmental Monitoring of the Benthos in the Whangaparaoa Passage (Autumn 2025)

Watercare Services Limited

vy, cneorr
E \\\J_/// 52 Aintree Ave, Mangere, Auckland, 2022
a e ca e M l“ PO Box 107028, Auckland, 2150
T 3 & T: 0800 522 365
NN "%““‘..4' clientsupport@water.co.nz

www.watercarelabs.co.nz

Laboratory Services

Certificate of Analysis

Sample Details
Lab Sample ID:
Client Sample ID:
Sample Date/Time

250529-103-9 250529-103-10 250529-103-11 250529-103-12

21/05/2025
Sed-W250 ¢ <500

21/05/2025
Sed-N250 ¢ <500

21/05/2025
Sed-W250 a <500

21/05/2025
Description: Sed-W250 b <500
General Testing

Total Nitrogen (as N, Dry Weight Basis)

Laboratory Reference: 250529-103 Total Solids
Metals
: Final Report: 5931 Replaces Report  592811-0
Attenton: Laureline Meynier P 931160 eplaces fepo " Recoverable Metals by ICP-MS (<500 um fraction)—Trace
Client: WATERCARE SERVICES LTD Report Issue Date. 17-Jun-2025 ‘Arseriio (Riscoverabls Diy WE) o= — a5 A e
Address: 500 Island Road, Mangere, Auckland, 2022 Received Date: 03-Jun-2025 B Iy WL z Z = o
Sampled By: Laureline Meynier Cadmium (Recoverable Dry Wt.) mgkg] <0.078 * <0.057 * <0.065 * <0.061 *
Client Amy B Sediment Quali Laboratory Activity Dates:  03-Jun-2025 16~Jun-2025 e e e i e LS o o
° YRy = aedinent Guailyy sboratory Actvdy Dtes: un- : un- Copper (Recoverable Dry Wt.) mokg 94 " Agle 62s 58 "
Purchase Order: 460012842 Quote Reference : 17524 Lead (Recoverable Dry Wt ) mghkg 15 * 63 * 95+ 10 *
Nickel (Recoverable Dry Wt.) mghkg 12 50 * 78 * 2=
[ | Zinc (Recoverable Dry Wt ) mgkg 7 27+ 4 42
Sample Details Metals by ICP-MS—Trace
Phosphorus (Recoverable Dry Wt.) mgkg| 670 320 330 390
Lab Sample ID: 250529-103-1 250529-103-2 250529-103-3 250529-103-4
Cliont Sample D Subcontracting
) Hill Laboratories Miscellaneous Test Report attached * Report attached * Report attached * Report attached *
Sample Date/Time 21/05/2025 21/05/2025 21/05/2025 21/05/2025 por <P <bo) <
Description: Sed-N100 a <500 Sed-N100 b <500 Sed-N100 ¢ <500 Sed-W100 a <500 Sample Details

General Testing Lab Sample ID: 250529-103-13 250529-103-14 250529-103-15 250529-103-16
Total Nitrogen (as N, Dry Weight Basis) mgkg 2400 * 2200 * 2200 * 1600 * Client Sample ID:
Total Solids Sample Date/Time 21/05/2025 21/05/2025 21/05/2025 21/05/2025
Description: Sed-N1000 a <500 Sed-N1000 b <500 Sed-N1000 ¢ <500 Sed-E1000 a <500
Recoverable Metals by ICP-MS (<500 um fraction)—Trace General Testing
Arsenic (Recoverable Dry Wt.) mghkg 55 * 56 * 69 * 59 * Total Nitrogen (as N, Dry Weight Basis)
Cadmium (Recoverable Dry Wt.) mghkg <0.081 * <0059 * <0.063 * <0.069 * Total Solids
Chromium (Recoverable Dry Wt.) mgkg 2 * 28 " 33 * 28~ Metals
Coppen(ecoverabie: iy, W) ke 82 988 B i Metals by ICP-MS (<500 um fraction)—Trace
Lead (Recoverable Dry Wt ) mgkg g3 137 16 * 14 = = ”
Nickel (Recoverable Dry W) mokg 17 * 10 * 12 1 Alsenfc (Recoverable Dry Wt.) mgkg 85 76 78 66
Zinc (Recoverable Dry Wt ) mghkg 61 " 57 70 * 63 * Cadmium (Recoverable Dry Wt.) mokg <0.064 <0.064 <0.057 <0.059
-overable Metals by ICP. Trace Cl ium (( Dry Wt.) mgkg 37 * 32 34 - 26 *
|Recoverable Metals by ICP-MS—
Copper (Recoverable Dry Wt.) mgkg 10 * 87 * 89 * 54 *
Phosphorus (Recoverable Dry Wt.) mgkg 710 630 590 390 Lead (Recoverable Dry Wt ) mgkg 18 * 16 * 16 * 11 -
Subcontracting Nickel (Recoverable Dry Wt.) mgkg 14 12 132 85
Hill Ls i Test Report attached * Report attached * Report attached * Report attached * Zinc (R Dry Wt) mgkg| 78 * 68 * 69 * 48 *
|Recoverable Metals by ICP-MS—Trace
Sample D
AiRie et Phosphorus (Recoverable Dry Wt.) mokg 850 580 770 690
Lab Sample ID. 260529-103-5 2605291036 250529-103-7 250529-103-8 Sbeankacing
Client Sample ID.
Hill Laboratories Miscellaneous Test Report attached * Report attached * Report attached * Report attached *
Sample Date/Time 21/05/2025 21/05/2025 21/05/2025 21/05/2025 P i =i =
Description: Sed-W100 b <500 Sed-W100 C <500 Sed-N250 a <500 Sed-N250 b <500 Sample Details

General Testing Lab Sample ID: 250529-103-17 250529-103-18 250529-103-19 250529-103-20
Total Nitrogen (as N, Dry Weight Basis) Client Sample ID:
Total Solids Sample Date/Time 21/05/2025 21/05/2025 21/05/2025 21/05/2025
Metals Description: Sed-E1000 b <500 Sed-E1000 ¢ <500 Sed-N100 a <63 Sed-N100 b <63
Recoverable Metals by ICP-MS (<500 um fraction)—T General Testing
Arsenic (Recoverable Dry Wt.) mokg. 49 64 " 58 * 59:* Total Nitrogen (as N, Dry Weight Basis) mgkg! 2200 * 2400 * - =
Cadmium (Recoverable Dry Wt.) mghkg <0.055 * <0.067 * <0.063 * <0.063 * Total Solids % 355 354 256 * 224 *
Chromium (Recoverable Dry Wt.)) mghkg 23 * 22 29 20 * Weak Acid Extraction = = Completed * Completed *
e L o s
Lead (Recoverable Dry Wt) mokg 1n 18 14 * 14 * T
Nickel (Recoverable Dry W) mgkg 86" 10" " n- Recoverable Metals by ICE:-MS (<500 um
Zinc Dry Wt) mgkg. 48 * 58 * 62 * 64 * Arsenic (Recoverable Dry Wt.) mgkg. 64 " 85" - =
- g . . = =
Recoverable Metals by ICP-MS—Trace SN R ebiE Dgyv:lv")) prrs <°é? 2 wéga":
Phosphorus (Recoverable Dry Wt.) mgikg| 380 600 680 380 Copper (Recoverable Dry W) % i R R -
Subcontracting Lead (Recoverable Dry Wt) mokg) 12 17 E <
Hill Ls Test Report attached * Report attached * Report attached * Report attached * Nickel (Recoverable Dry Wt.) mgkg| 95 * 13~ = 2
Zinc (Recoverable Dry Wt.) mghkg| 54 * 74 * E -
Recoverable Metals by ICP-MS—Trace
Report Number:  693116-0 Watercare Laboratory Services Page1of6 Report Number:  593116-0 Watercare Laboratory Services Page20f6
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Sample Details (continued) SOLIDS

Recoverable Metals by ICP-MS—Trace

Lab Sample ID: 250529-103-17 250529-103-18 250529-103-19 250529-103-20
Client Sample ID:

Sample Date/Time: 21/05/2025 21/05/2025 21/05/2025 21/05/2025
Description: Sed-E1000 b <500 Sed-E1000 ¢ <500 Sed-N100 a <63 Sed-N100 b <63

SOLIDS SOLIDS SOLIDS

Phosphorus (Recoverable Dry Wt.) -nmi

k Acid Extractable Metals by ICP-MS—Trace Wt. B

Arsenic (Weak Acid Extractable)
Cadmium (Weak Acid Extractable)
Chromium (Weak Acid Extractable)
Copper (Weak Acid Extractable)
Lead (Weak Acid Extractable)
Nickel (Weak Acid Extractable)
Zinc (Weak Acid Extractable)
Subcontracting

Hill Laboratories Miscellaneous Test

Report attached *

660 - -
< 4.9 25"
- <0054 * <0.062 *
& 17 * 20 "
- O 63 *
- 13 " 14

Report attached *

Sample Details
250529-103-21

Client Sample ID:
21/05/2025
Sed-N100 ¢ <63

General Testing

Weak Acid Extra le Metals by ICP-MS—Trace (Dry Wt. Basis)

250529-103-22

21/05/2025
Sed-W100 a <63

250529-103-23

250529-103-24

21/05/2025
Sed-W100 b <63

21/05/2025
Sed-W100 C <63

Arsenic (Weak Acid Extractable) mgkg. 20 *
Cadmium (Weak Acid Extractable) makg| <0.045 *
Chromium (Weak Acid Extractable) mgkg! 20 *
Copper (Weak Acid Extractable) mgkg, 64 "
Lead (Weak Acid Extractable) mgkg 15 *
Nickel (Weak Acid Extractable) mghkg 66 "
Zinc (Weak Acid Extractable) mgkg| 61 *

23 " 24" 19"
<0052 * <0.048 * <0.048 *
20 * 20 * 18 *
65 " GRS 56 *
15:* 15 14-*
(i 63 " 55*
60 * 57 * 53 *

General Testing
Total Solids

Weak Acid Extraction

Weak Acid Extractable Metals by ICP-MS—Trace (Dry Wt. Basis)

Sample Details

Lab Sample ID: 250529-103-25 250529-103-26 250529-103-27 250529-103-28
Client Sample ID:

Sample Date/Time 21/05/2025 21/05/2025 21/05/2025 21/05/2025
Description: Sed-N250 a <63 Sed-N250 b <63 Sed-N250 ¢ <63 Sed-N1000 a <63

‘ Sample Details (continued)
Lab Sample ID:
Client Sample ID:
Sample Date/Time:

Description:

SOLIDS SOLIDS
250529-103-29 250529-103-30
21/05/2025 21/05/2025
Sed-N1000 b <63 Sed-N1000 ¢ <63

SOLIDS SOLIDS
250529-103-31 250629-103-32
2110572025 21/05/2025
Sed-E1000 a <63 Sed-E1000 b <63

Weak Acid Extractable Metals by ICP-MS—Trace (Drv Wt. Basis)

Arsenic (Weak Acid Extractable) mgfkg 24 17> 25 20 *
Cadmium (Weak Acid Extractable) mokg <0.047 * <0046 * <0.057 * <0.056 *
Chromium (Weak Acid Extractable) mgkg 16 * 17 * 19 * 18 *
Copper (Weak Acid Extractable) makg 46 * 49 * 46 * 44
Lead (Weak Acid Extractable) mgkg 12 * 13" 14 " 13
Nickel (Weak Acid Extractable) mghkg 54 54 * 567 53"
Zinc (Weak Acid mgkg 48 * 51" 53 50 *

Lab Sample ID:
Client Sample ID:
Sample Date/Time
Description:

General Testing

250529-103-33

21/05/2025
Sed-E1000 ¢ <63

Weak Acid Extractable Metals by ICP-MS—Trace (Dry Wt. Basis)

Sample Details

Arsenic (Weak Acid Extractable) mghkg 4
Cadmium (Weak Acid Extractable) mokg <0.052 *
Chromium (Weak Acid Extractable) mghkg 19 *
Copper (Weak Acid Extractable) mgkg 48 "
Lead (Weak Acid Extractable) mgfkg 14 *
Nickel (Weak Acid Extractable) mokg 55 "
Zinc (Weak Acid mgkg 53*

Results marked with * are not accredited to International Accreditation New Zealand. A dash indicates no test performed.

Where samples have been supplied by the client, they are tested as received.

The results of analysis contained in this report relate only to the sample(s) tested. Where sample collection was performed by the laboratory, the results of
analysis contained in this report relate only to the sample(s) collected,

Reference Methods

The sample(s) referred to in this report were analysed by the following method(s)

Analyte

General Testing

Total Nitrogen (as N, Dry Weight Basis) by Colorimetry/Discr
ete Analyser

Total Solids by Gravimetry

Total Solids by Gravmetry

Method Reference

Soil Sampling and Methods of Analysis . Can

Soc. Soil Sci. (2008)

APHA (online edition) 2540 G

APHA (online edition) 2540 G

MDL

20 mglkg

Samples  Location

Auckiand

Auckland
13, 14,15, 16, 17,
18

19, 20, 21, 22, 23, Auckland

24, 25,26, 27,28,
Arsenic (Weak Acid Extractable) mokg 25 * 23 ® 19 * 28 * 29, 30, 31,32, 33
Cotiam Yok A i) ol am <o - o« g ows ______——________________________|
Chromium (Weak Acid Extractable) makg| 20 18 18 '. 20 Metals by ICP-MS (<500 pm fraction)—Trace
Copper (Weak Acid Etractable) n9kg| 62 53 56 56 Arsenic (Recoverable Dry WL) APHA (online edition) 3125 B by ICPMS 0.02mgikg 1,2,3,4,5,6,7, Auckiand
Lead (Weak Acid Extractable) mokg, 15 * 14" 15 " 15 * 8,9, 10, 11, 12,
Nickel (Weak Acid Extractable) mokg| 66 " L1 e o 66 * 13,14,15,16,17,
Zinc (Weak Acid Exiractable) mgkg| 61 * 54 * 56 " 58 * 18
Cadmium (Recoverable Dry Wt.) APHA (online edition) 3125 B by ICPMS 0.01 mg/kg 1,2,3,4,5,6,7, Auckand
: 8,9,10, 11,12,
Sample Details 13, 14,15, 16, 17,
Lab Sample ID: 250529-103-29 250529-103-30 250529-103-31 250529-103-32
Cliont Je ID: Chromium (Recoverable Dry Wt.) APHA (online edition) 3125 B by ICPMS 0.02 mglkg 1,2,3,4,56,7, Auckland
S 8,9,10, 11,12,
Sample Date/Time 21/05/2025 21/05/2025 21/05/2025 21/05/2025 13,14, 15,16, 17,
Description: Sed-N1000 b <63 Sed-N1000 ¢ <63 Sed-£1000 a <63 Sed-E1000 b <63 18
- Auckland
Sreral Tosiig Copper (Recoverable Dry Wt.) APHA (online edition) 3125 B by ICPMS 0.05 mg/kg 15 2{5 31, g, 151 s{ 27 u
Total Solids * 257 * 274 * 214 * 241 * 13,14,15,16,17,
Weak Acid c . . c . c . -
Report Number:  593116-0 Watercare Laboratory Services Page 30f 6 Report Number:  593116-0 Watercare Laboratory Services Page 4 0f 6
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Samples, with suitable preservation and stability of analytes, will be held by the laboratory for a period of two weeks after results have been reported, unless otherwise
Recoverable Metals by ICP-MS (<500 ym fraction)—Trace advised by the submitter.
Lead (Recoverable Dry Wt APHA (online edition) 3125 B by ICPMS 0.03 mglkg 1,2,3,4,5,6,7, Auckand 3 i g
8,9, 10, 11, 12, Watercare Laboratory Services is a division of Watercare Services Limited .
13,14,15,16,17,
18

This report may not be reproduced, except in full, without the written authority of the Compliance and Projects Manager.

Nickel (Recoverable Dry Wt.) APHA (online edition) 3125 B by ICPMS 0.05 mg/kg ,3,4,5,6,7, Auckland
8,9,10, 11, 12,
14,15,16, 17,
18
Zinc (Recoverable Dry Wt.) APHA (online edition) 3125 B by ICPMS 0.75 mg/kg ,2,3,4,5,6,7, Auckand
8,9,10, 11, 12, Robyn Aberethy
3,14; 1,2 1817, Compliance and Projects Manager
Recoverable Metals by ICP-MS—Trace
Phosphorus (Recoverable Dry Wt.) /APHA (online edition) 3125 B by ICPMS 2 mgkg 1,2,3,4,56,7, Auckland
8,9,10, 11, 12,
13,14, 15,16, 17,
18

Weak Acid Metals by ICP-MS—Trace (Dry Wt. Basis)

Arsenic (Weak Acid Extractable) APHA (online edition) 3125 B by ICPMS 0.02 mgkg 19,20, 21,22, 23, Auckland
24, 25,26, 27,28,
29,30,31,32,33

Cadmium (Weak Add Extractable) APHA (online edition) 3125 B by ICPMS 0.01 mgkg 19,20, 21, 22, 23, Auckland
24,25,26,27,28,
29,30,31,32,33

Chromium (Weak Acid Extractable) APHA (online edition) 3125 B by ICPMS 0.02mg/kg 19, 20, 21, 22, 23, Auckland
24, 25,26, 27, 28,
29,30,31,32,33

Copper (Weak Acid Extractable) APHA (online edition) 3125 B by ICPMS 0.05 mg/kg 19,20, 21, 22, 23, Auckland
24, 25,26, 27,28,
29,30,31,32,33

Lead (Weak Acid Extractable) /APHA (online edition) 3125 B by ICPMS 0.03 mgkg 19, 20, 21, 22, 23, Auckland
24,25,26,27,28,
29,30,31,32,33

Nickel (Weak Acid Extractable) APHA (online edition) 3125 B by ICPMS 0.05 mglkg 19,20, 21,22, 23, Auckland
24, 25,26, 27,28,

29,30, 31,32,33

Zinc (Weak Acid Extractable) APHA (online edition) 3125 B by ICPMS 0.75 mglkg 19,20, 21,22, 23, Auckland
24,25,26,27,28,

29, 30, 31,32, 33

Subcontracting

Hill Laboratories Miscellaneous Test As per Subcontractor Method 1,2,3,4,5,6,7, Seeattached

8,9,10, 11, 12,
13,14,15,16,17,
18

Preps - Do not report

Complete AAPHA (online edition) 2540 G 1,2,3,4,5,6,7, Auckland
8,9, 10, 11, 12,
13,14, 15,16, 17,
18
Preparations
Digest for Recoverable Metals in Solids US EPA 200.8 (1:1 Nitnc:Hydrochloric Acid) 1,2,3,4,5,6,7, Auckland
8,9, 10, 11, 12,
13,14,15,16,17,
18
Digest for Recoverable Metals in Solids US EPA 200.8 (1:1 Nitric:Hydrochloric Acid) 1,2,3,4,5,6,7, Auckand
8,9, 10, 11, 12,
13,14,15,16, 17,
18
Sieve to <500 um In House 1,2,3,4,5,6,7, Auckland
8,9, 10, 11, 12,
13,14,15,16,17,
18
Sieve to <63 Micron In House 19,20, 21,22, 23, Auckland
24, 25,26, 27,28,
29,30,31,32,33
Weak Acid Extraction for Solids Auckland Regional Council Technical 19, 20, 21, 22, 23, Auckland
Publication 168 (2 M Hydrochloric Acid, 24 24,25,26,27,28,
hours) 29, 30,31,32,33

The method detection limit (MDL) listed is the imit attainable in a relatively clean matrix. If dilutions are required for analysis the detection limit may be higher.
For more information please contact the Compliance and Projects Manager.
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Appendix D  Statistical tests on 2025 contaminant concentrations

Total metals — Multivariate statistical tests results for region and distance
ANOSIM test for differences between unordered Region groups

Sample statistic (R): 0.274
Significance level of sample statistic: 0.02% (p-value: 0.0002)

Table 17. Total metals - Pairwise Tests for differences between unordered REGION groups

Groups ‘Rsmisﬁc Significance| . .| Possible Actual | Number =
level % permutations | Permutations | Observed
EAST,NORTH | 0.017 30.9 0.3088 24310 9999 3087
EAST,SOUTH | 0.157 25 0.025 24310 9999 249
EAST,WEST | 0.383 0.8 0.008 5005 5005 40
NORTH, SOUTH |  0.255 0.4 0.0043 24310 9999 42
NORTH, WEST | 0.445 0.5 0.0046 5005 5005 23
SOUTH, WEST | 0.697 0.04 0.0004 5005 5005 2

Highlighted p values are statistically significant at alpha = 0.05.

ANOSIM test for differences between unordered Distance groups

Sample statistic (R): 0.058
Significance level of sample statistic: 10.1% (p-value: 0.1014)

Table 18. Total metals - Pairwise Tests for differences between unordered DISTANCE groups.

Groups ’ R Statistic Significance| L ‘ Possible Actual Number 2
level % permutations | permutations | Observed
100m, 250m 0.017 28.6 0.2857 1352078 9999 2856
100m, 1000m| 0.188 2.2 0.0219 293930 9999 218
250m, 1000m | 0.002 37.9 0.3793 293930 9999 3792

Highlighted p values are statistically significant at alpha = 0.05.

Bioavailable metals — Multivariate statistical tests results for region and distance
ANOSIM test for differences between unordered Region groups

Sample statistic (R): 0.051
Significance level of sample statistic: 16.7% (P-Value: 0.1673)

Table 19. Bioavailable metals - Pairwise Tests for differences between unordered REGION groups.

Groups R Statistic Significance p-value Possib!e Actua'l Number 2
level % permutations | permutations | Observed
EAST, NORTH 0.018 30.6 0.3055 24310 9999 3054
EAST, SOUTH 0.099 11.1 0.1113 24310 9999 1112
NORTH, SOUTH 0.041 22.7 0.2267 24310 9999 2266

Note: West was excluded from analysis (single sample) to avoid bias.

ANOSIM test for differences between unordered Distance groups

Sample statistic (R): 0.108
Significance level of sample statistic: 4.4% (p-value: 0.0435)
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Table 20. Bioavailable metals - Pairwise Tests for differences between unordered DISTANCE groups.

ErE ‘ R Statistic Significance e Possib!e Actua.l Number =
level % permutations | permutations | Observed
100m, 250m 0.064 17 0.1702 293930 9999 1701
100m, 1000m 0.182 3.1 0.0308 293930 9999 307
250m, 1000m 0.099 11.4 0.1138 24310 9999 1137

Highlighted p values are statistically significant at alpha = 0.05.

Mud-adjusted metals — Multivariate statistical tests results for region and distance
ANOSIM test for differences between unordered Region groups

Sample statistic (R): 0.334
Significance level of sample statistic: 0.01% (p-value: 0.0001)

Table 21. Mud-adjusted metals - Pairwise Tests for differences between unordered REGION groups.

Free ’ R Statistic Significance e ‘ Possible Actual Number =
level % permutations | permutations | Observed
EAST, NORTH -0.007 42.9 0.4292 24310 9999 4291
EAST, SOUTH 0.269 0.5 0.005 24310 9999 49
EAST, WEST 0.678 0.04 0.0004 5005 5005 2
NORTH, SOUTH 0.419 0.03 0.0003 24310 9999 2
NORTH, WEST 0.731 0.06 0.0006 5005 5005 3
SOUTH, WEST 0.078 18.5 0.1846 5005 5005 924

Highlighted p values are statistically significant at alpha = 0.05.

ANOSIM test for differences between unordered Distance groups

Sample statistic (R): 0.09
Significance level of sample statistic: statistic: 4.9% (p-value: 0.0494)

Table 22. Mud-adjusted metals - Pairwise Tests for differences between unordered DISTANCE

groups.

100m, 250m 0.112 5.4 0.0541 1352078 9999 540
100m, 1000m 0.098 10 0.0997 293930 9999 996
250m, 1000m 0.033 23.1 0.2311 293930 9999 2310

Highlighted p values are statistically significant at alpha = 0.05.

Table 23. Total metals & nutrients — UNIVARIATE statistical tests results for region and distance.

REGION (4 groups) DISTANCE (3 groups)
Factor Generaltest | HoSthoc | Statistic p-value Generaltest | ToSthoc | Statistic p-value
test value (H) test value (H)
Nitrogen Kruskal-Wallis Dunn 20.03 0.000 Kruskal-Wallis - 2.990 0.224
Phosphorus | Kruskal-Wallis Dunn 15.33 0.002 Kruskal-Wallis - 4.391 0.111
Arsenic Kruskal-Wallis Dunn 9.745 0.021 Kruskal-Wallis| Dunn 9.480 0.009
Chromium | Kruskal-Wallis Dunn 16.11 0.001 Kruskal-Wallis - 1.374 0.503
Copper Kruskal-Wallis Dunn 11.59 0.009 Kruskal-Wallis - 0.125 0.939
Lead Kruskal-Wallis Dunn 10.89 0.012 Kruskal-Wallis - 1.201 0.549
Nickel Kruskal-Wallis Dunn 12.25 0.007 Kruskal-Wallis - 1.899 0.387
Zinc Kruskal-Wallis Dunn 11.30 0.010 Kruskal-Wallis - 0.549 0.760

Highlighted p values are statistically significant at alpha = 0.05.
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Table 24. Total metals & nutrients - Post hoc tests detailed differences.

Factor |  REGION(4groups) | DISTANCE (3 groups)
Nitrogen North > East, South, West
Phosphorus | East, North > South, West
Arsenic West < East, North 100 m, 250 m < 1000 m
Chromium West < East, South
Copper West < East, South
Lead West < East, North
Nickel West < East, North, South
zZinc West < East, North, South

Table 25. Bioavailable metals — UNIVARIATE statistical tests results for region and distance.

REGION (4 groups) DISTANCE (3 groups)

test value (H) test value (H)
Arsenic Kruskal-Wallis 5.190 0.158 Kruskal-Wallis 0.870 0.647
Chromium | Kruskal-Wallis - 3.218 0.359 Kruskal-Wallis - 5.347 0.069
Copper Kruskal-Wallis - 4.857 0.182 Kruskal-Wallis Dunn 11.21 0.004
Lead Kruskal-Wallis - 3.264 0.353 Kruskal-Wallis - 3.455 0.178
Nickel Kruskal-Wallis - 2.413 0.491 Kruskal-Wallis Dunn 6.860 0.032
Zinc Kruskal-Wallis - 4.166 0.244 Kruskal-Wallis - 5.089 0.078

Highlighted p values are statistically significant at alpha = 0.05.

Table 26. Bioavailable metals - Post hoc test detailed differences.

Factor REGION (4 groups) DISTANCE (3 groups)
Arsenic
Chromium
Copper 100 m > 1000 m
Lead
Nickel 100 m > 1000 m
Zinc

Table 27. Mud-adjusted metals - UNIVARIATE statistical tests results for region and distance.

REGION (4 groups) DISTANCE (3 groups)

Post-hoc Statistic Post-hoc | Statistic

General test test value (H) General test test value (H)
Arsenic Kruskal-Wallis Dunn 10.73 0.013 Kruskal-Wallis Dunn 6.022 0.049
Chromium | Kruskal-Wallis Dunn 13.11 0.004 Kruskal-Wallis Dunn 7.221 0.027
Copper Kruskal-Wallis Dunn 13.25 0.004 Kruskal-Wallis Dunn 8.410 0.014
Lead Kruskal-Wallis Dunn 15.22 0.001 Kruskal-Wallis - 5.574 0.062
Nickel Kruskal-Wallis Dunn 11.95 0.007 Kruskal-Wallis Dunn 8.410 0.015
Zinc Kruskal-Wallis Dunn 12.76 0.005 Kruskal-Wallis Dunn 7.015 0.030

Highlighted p values are statistically significant at alpha = 0.05.

Table 28. Mud-adjusted metals - Post hoc tests detailed differences.

Factor |  REGION(4groups) | DISTANCE (3 groups)
Arsenic North < South, West 100 m > 1000 m
Chromium East, North < South, West 100 m > 1000 m
Copper East, North < South, West 100 m > 1000 m
Lead East, North < South, West
Nickel East, North < South, West 100 m>1000m
Zinc East, North < South, West 100 m > 1000m
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Appendix E Drop camera and Video transect analyses

Table 29. Coordinates of drop camera photographs with substrate and epibiota presence — 19 June
2025.

Dominant
Substrate

Latitude Longitude

(West)

Ascidian |Polychaete bur-

Complexity i
Synoicum rows

Scallops Sponges

(South)

A01 36.59119458|174.8520275| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
A02 36.59272229|174.8507268| Sed - low shell 1 Absent | Present Absent | Absent | Absent Absent Absent
A03 36.59248425|174.8504187| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
A04 36.59203302|174.8520163| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
A0S 36.5917693 |174.8516292| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
A06 36.59076323|174.8509095| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
A07 36.59154735|174.8498685| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
A08 36.59161209|174.8502949| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
A09 36.59258779|174.8501644| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
A10 36.59110692(174.8492756| Sediment 1 Absent | Present Absent | Absent | Absent Absent Absent
A11 36.59207376|174.8475687| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
A12 36.59282035|174.8497458| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
A13 36.59187286|174.8477199| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
A14 36.59364492|174.8484487|Sed - low shell 2 Absent | Absent Absent | Absent | Absent Absent Absent
A15 36.5922299 (174.8484447| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
A16 36.59317132|174.8497775| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
A17 36.5943016 |174.8506123| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
A18 36.59447689|174.8498568| Sed - low shell 3 Absent | Present Absent | Absent | Present Present Absent
A19 36.59381703|174.8504876| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
A20 36.59424915|174.8499961| Sed - low shell 3 Absent | Present Absent | Absent | Absent Present Absent
A21 36.59371986|174.8519382| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
A22 36.59319675|174.8503929| Sediment 1 Absent | Present Absent | Absent | Absent Absent Absent
A23 36.59381195|174.8513035| Sed - low shell 2 Absent | Present Absent | Absent | Present Absent Absent
A24 36.59357482|174.8514648| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
A25 36.59402598|174.8519575| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
B26 36.59121787|174.8527658| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
B27 36.59041252|174.8519061| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
B28 36.59244251|174.8543968| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
B29 36.59186788|174.8527049| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
B30 36.59057777|174.8517317| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
B31 36.5898339 |174.8494395| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
B32 36.59025942|174.8498119| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
B33 36.59087442|174.8470786| Sed - low shell 2 Absent | Absent Absent | Absent | Absent Absent Absent
B34 36.58935143|174.8512408| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
B35 36.5898307 [174.8469727| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
B36 36.5915506 |174.8467108|Sed - high shell 3 Absent | Absent Absent | Absent | Present Present Absent
B37 36.59462562|174.8459374|Sed - high shell 3 Absent | Absent Absent | Absent | Absent Absent Absent
B38 36.59252997|174.8451553|Sed - high shell 3 Absent | Absent Absent | Absent | Absent Absent Absent
B39 36.59402874|174.8455303|Sed - high shell 3 Absent | Absent Absent | Absent | Absent Absent Absent
B40 36.59308134|174.8466342| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
B41 36.59567315|174.8463452|Sed - high shell 3 Absent | Absent Absent | Absent | Absent Present Absent
B42 36.59580311(174.8503057| Sediment 2 Absent | Present Absent |Present| Absent Present Absent
B43 36.59621483|174.8504731| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
B44 36.59566602|174.8488489| Sed - low shell 2 Absent | Present Absent | Absent | Present Present Absent
B45 36.59523489|174.8508495| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
B46 36.5961685 [174.8515897| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
B47 36.59507324| 174.851337 Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
B48 36.5929558 [174.8533821| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
B49 36.59452626|174.8548211| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
B50 36.59448319|174.8531433| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent

Job Number: 68022

Date of Issue: 29 September 2025



Army Bay Wastewater Treatment Plant Bioresearches e -

Environmental Monitoring of the Benthos in the Whangaparaoa Passage (Autumn 2025) A Babbage Company

C51 36.58686816|174.8525496| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
C52 36.58898991|174.8565068| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
C53 36.5910849 (174.8573226| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
C54 36.58871215|174.8527663| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
C55 36.5895172 |174.8567667| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
C56 36.58820603|174.8518028| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
C57 36.58784032|174.8515807| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
C58 36.5885246 |174.8484917| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
C59 36.58887973|174.8446227|Sed - high shell 3 Absent | Absent Absent | Absent | Absent Absent Absent
C60 36.58716772| 174.851384 Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
C61 36.59553251|174.8424739 Reef 5 Absent | Absent Absent | Present| Present Absent Absent
C62 36.59212007|174.8433113|Sed - high shell 3 Absent | Absent Absent | Absent | Absent Absent Absent
C63 36.5941266 |174.8440351|Sed - high shell 3 Absent | Absent Absent | Absent | Absent Absent Absent
C64 36.59512559|174.8451682 Reef 5 Absent | Absent Absent | Absent | Present Present Absent
C65 36.59609785|174.8447133|Sed - high shell 3 Absent | Absent Absent | Absent | Absent Absent Absent
C66 36.5973414 |174.8483903|Sed - high shell 3 Absent | Present Absent | Absent | Absent Present Absent
C67 36.59873484|174.8475554| Shell Hash 3 Absent | Absent Absent | Absent | Absent Absent Absent
C68 36.59872981|174.8499363| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
C69 36.59832716|174.8492437|Sed - low shell 2 Absent | Present Absent | Absent | Absent Present Absent
C70 36.59596765|174.8454699 Reef 5 Absent | Absent Absent | Absent | Present Present Absent
C71 36.59774792|174.8535543| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Absent
C72 36.59353735|174.8583158| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
C73 36.59664558|174.8557941| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
C74 36.59340935|174.8558197| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
C75 36.5966175 [174.8563747| Sediment 1 Absent | Absent Absent | Absent | Absent Absent Present
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Figure 29. Location of 2025 drop camera stations.

Job Number: 68022 Date of Issue: 29 September 2025



Army Bay Wastewater Treatment Plant Bioresearches ' -

AB
Environmental Monitoring of the Benthos in the Whangaparaoa Passage (Autumn 2025) abbage Company

A01Top A01 Side A02 Top A02 Side A03 Top URESTE [

AD4 Top A04 Side A05 Top A0S Side A06 Top A06 Side

A07 Side A08 Side A09 Side

A10 Top A10 Side Al1Top A11 Side A12Top A12 Side

A13Top A13 Side Al14Top A14 Side A15Top A15 Side

Figure 30. Photographs of the seabed at the drop camera stations A07 to A15.
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Figure 31. Photographs of the seabed at the drop camera stations A16 to B30.
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Figure 32. Photographs of the seabed at the drop camera stations B31 to B45.
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Figure 33. Photographs of the seabed at the drop camera stations B46 to C60.
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Figure 34. Photographs of the seabed at the drop camera stations C60 to C75.
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Table 30 Coordinates of epibiota detected during the video transects. Epibiota were recorded
every 10m.
Diving Track [distance for] Lat_DMS ‘ Long DMS ‘ Substrate |Horse_Mussel| Sabella | Sponge | Polychaete
each dive
1 SW-track25 0 -36°35'32.624" | 174°50'59.066" Sediment Absent Absent | Absent Absent
1 SW-track25 10 -36°35'32.940" | 174°50'58.994" Sediment Present Present | Absent Absent
1 SW-track25 20 -36°35'33.207" | 174°50'58.790" | Sed - low shell Absent Present | Absent Absent
1 SW-track25 30 -36°35'33.356" | 174°50'58.433" | Sed - low shell Absent Present | Absent Absent
1 SW-track25 40 -36°35'33.493" | 174°50'58.068" | Sed - low shell Present Present | Absent Absent
1 SW-track25 50 -36°35'33.676" | 174°50'57.738" | Sed - low shell Absent Present | Absent Absent
1 SW-track25 60 -36°35'33.876" | 174°50'57.422" | Sed - low shell Absent Present | Absent Absent
1 SW-track25 70 -36°35'34.107" | 174°50'57.142" | Sed - low shell Absent Present | Absent Absent
1 SW-track25 80 -36°35'34.369" | 174°50'56.907" | Sed - low shell Absent Present | Absent Absent
1 SW-track25 90 -36°35'34.645" | 174°50'56.697" | Sed - low shell Absent Present | Absent Absent
1 SW-track25 100 -36°35'34.872" | 174°50'56.410" | Sed - low shell Present Present | Present Absent
1 SW-track25 110 -36°35'35.097"| 174°50'56.120" | Sed - low shell Present Present | Absent Absent
1 SW-track25 120 -36°35'35.323"| 174°50'55.832" | Sed - low shell Present Present | Absent Absent
1 SW-track25 130 -36°35'35.582"| 174°50'55.588" | Sed - low shell Absent Present | Absent Absent
1 SW-track25 140 -36°35'35.844"| 174°50'55.352" | Sed - low shell Absent Present | Absent Absent
1 SW-track25 150 -36°35'36.109" | 174°50'55.121" | Sed - low shell Absent Present | Present Absent
1 SW-track25 160 -36°35'36.364" | 174°50'54.872" | Sed - low shell Present Present | Present Absent
1 SW-track25 170 -36°35'36.609" | 174°50'54.609" | Sed - low shell Absent Present | Absent Absent
1 SW-track25 180 -36°35'36.828" | 174°50'54.316" | Sed - high shell Absent Present | Present Absent
1 SW-track25 190 -36°35'37.009" | 174°50'53.983" | Sed - high shell Absent Present | Present Absent
1 SW-track25 200 -36°35'37.238" | 174°50'53.701" | Sed - high shell Absent Absent | Present Absent
1 SW-track25 210 -36°35'37.484" | 174°50'53.438" | Sed - low shell Present Present | Absent Absent
1 SW-track25 220 -36°35'37.721" | 174°50'53.164" | Sed - high shell Present Present | Absent Absent
1 SW-track25 230 -36°35'37.950" | 174°50'52.879" | Sed - high shell Present Present | Absent Absent
1 SW-track25 240 -36°35'38.136" | 174°50'52.552" | Sed - high shell Present Present | Absent Absent
1 SW-track25 250 -36°35'38.307" | 174°50'52.209" | Sed - high shell Present Present | Absent Absent
1 SW-track25 260 -36°35'38.465" | 174°50'51.858" | Sed - high shell Present Present | Absent Absent
1 SW-track25 270 -36°35'38.622" | 174°50'51.506" | Sed - high shell Absent Present | Present Absent
1 SW-track25 280 -36°35'38.761" | 174°50'51.143" | Sed - high shell Absent Present | Present Absent
1 SW-track25 290 -36°35'38.902" | 174°50'50.780" | Sed - high shell Absent Present | Absent Absent
1 SW-track25 300 -36°35'39.066" | 174°50'50.433" | Sed - high shell Present Present | Present Absent
1 SW-track25 310 -36°35'39.231" | 174°50'50.087" | Sed - high shell Absent Present | Present Absent
1 SW-track25 320 -36°35'39.405" | 174°50'49.747" | Sed - high shell Absent Present | Present Absent
1 SW-track25 330 -36°35'39.574" | 174°50'49.404" | Sed - high shell Absent Present | Present Absent
1 SW-track25 340 -36°35'39.741" | 174°50'49.059" | Sed - high shell Absent Present | Absent Absent
1 SW-track25 350 -36°35'39.907" | 174°50'48.713" | Sed - high shell Absent Present | Present Absent
1 SW-track25 360 -36°35'40.089" | 174°50'48.381"| Shell hash Absent Absent | Absent Absent
1 SW-track25 370 -36°35'40.280" | 174°50'48.055" | Shell hash Absent Absent | Absent Absent
1 SW-track25 380 -36°35'40.487"|174°50'47.747"| Shell hash Absent Present | Present Absent
1 SW-track25 390 -36°35'40.708" | 174°50'47.452"| Shell hash Absent Present | Absent Absent
1 SW-track25 400 -36°35'40.904" | 174°50'47.133"| Shell hash Absent Present | Absent Absent
1 SW-track25 410 -36°35'41.084"|174°50'46.799"| Shell hash Absent Present | Absent Absent
1 SW-track25 420 -36°35'41.230"|174°50'46.441"| Shell hash Absent Absent | Present Absent
1 SW-track25 430 -36°35'41.351"|174°50'46.068" | Sed - high shell Absent Absent | Present Absent
1 SW-track25 440 -36°35'41.435" | 174°50'45.680" | Sed - high shell Absent Absent | Present Absent
1 SW-track25 450 -36°35'41.532"| 174°50'45.296" Reef Absent Absent | Present Absent
1 SW-track25 460 -36°35'41.635" | 174°50'44.915" | Sed - low shell Absent Absent | Absent Absent
1 SW-track25 470 -36°35'41.751"|174°50'44.541" Reef Absent Absent | Present Absent
1 SW-track25 480 -36°35'41.963" | 174°50'44.237" Reef Absent Absent | Present Absent
1 SW-track25 490 -36°35'42.176"|174°50'43.933" | Sed - low shell Absent Absent | Absent Absent
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1 SW-track25 500 -36°35'42.375"|174°50'43.615" | Sed - low shell Absent Absent | Absent Absent
1 SW-track25 510 -36°35'42.574" | 174°50'43.298" Reef Absent Absent | Present Absent
1 SW-track25 520 -36°35'42.799" | 174°50'43.007" Reef Absent Present | Present Absent
1 SW-track25 530 -36°35'43.015" | 174°50'42.708" | Sed - low shell Absent Absent | Absent Absent
1 SW-track25 540 -36°35'43.198" | 174°50'42.376" Reef Absent Present | Present Absent
2 South-track25 0 -36°36'6.187" | 174°51'1.066" | Sed - low shell Present Present | Absent Absent
2 South-track25 10 -36°36'5.865" | 174°51'1.090" | Sed - low shell Present Present | Absent Absent
2 South-track25 20 -36°36'5.543" | 174°51'1.131" | Sed - low shell Present Present | Absent Absent
2 South-track25 30 -36°36'5.220" | 174°51'1.168" | Sed - low shell Present Present | Absent Absent
2 South-track25 40 -36°36'4.896" | 174°51'1.163" | Sed - low shell Absent Absent | Absent Absent
2 South-track25 50 -36°36'4.573" | 174°51'1.136" | Sed - low shell Present Present | Absent Absent
2 South-track25 60 -36°36'4.249" | 174°51'1.108" | Sed - low shell Present Present | Absent Absent
2 South-track25 70 -36°36'3.925" | 174°51'1.080" | Sed - low shell Present Present | Absent Absent
2 South-track25 80 -36°36'3.601" | 174°51'1.069" | Sed - low shell Present Present | Absent Absent
2 South-track25 90 -36°36'3.277" | 174°51'1.062" | Sed - low shell Present Present | Absent Absent
2 South-track25 100 -36°36'2.973" | 174°51'1.179" | Sed - low shell Present Present | Absent Absent
2 South-track25 110 -36°36'2.667" | 174°51'1.308" | Sed - low shell Present Present | Absent Absent
2 South-track25 120 -36°36'2.354" | 174°51'1.414" | Sed - low shell Present Present | Absent Absent
2 South-track25 130 -36°36'2.039" | 174°51'1.510" | Sed - low shell Present Present | Absent Absent
2 South-track25 140 -36°36'1.722" | 174°51'1.597" | Sed - low shell Present Present | Absent Absent
2 South-track25 150 -36°36'1.403" | 174°51'1.668" | Sed - low shell Present Present | Absent Absent
2 South-track25 160 -36°36'1.083" | 174°51'1.717" | Sed - low shell Present Present | Absent Absent
2 South-track25 170 -36°36'0.759" | 174°51'1.687" | Sed - low shell Present Present | Absent Absent
2 South-track25 180 -36°36'0.448" | 174°51'1.583" | Sed - low shell Present Present | Absent Absent
2 South-track25 190 -36°36'0.140" | 174°51'1.456" | Sed - low shell Present Present | Absent Absent
2 South-track25 200 -36°35'59.821"| 174°51'1.378" | Sed - low shell Present Present | Absent Absent
2 South-track25 210 -36°35'59.503" | 174°51'1.300" | Sed - low shell Present Present | Absent Absent
2 South-track25 220 -36°35'59.181"| 174°51'1.347" | Sed - low shell Absent Present | Absent Absent
2 South-track25 230 -36°35'58.859" | 174°51'1.396" | Sed - low shell Absent Present | Absent Absent
2 South-track25 240 -36°35'58.538" | 174°51'1.453" | Sed - low shell Absent Present | Absent Absent
2 South-track25 250 -36°35'58.217"| 174°51'1.512" | Sed - low shell Absent Present | Absent Absent
2 South-track25 260 -36°35'57.906" | 174°51'1.629" | Sed - low shell Absent Present | Absent Absent
2 South-track25 270 -36°35'57.596" | 174°51'1.746" | Sed - low shell Absent Present | Absent Absent
2 South-track25 280 -36°35'57.272"| 174°51'1.743" | Sed - low shell Absent Present | Absent Absent
2 South-track25 290 -36°35'56.951"| 174°51'1.709" | Sed - low shell Absent Present | Absent Absent
2 South-track25 300 -36°35'56.639" | 174°51'1.599" | Sed - low shell Absent Present | Absent Absent
2 South-track25 310 -36°35'56.325" | 174°51'1.497" | Sed - low shell Absent Present | Absent Absent
2 South-track25 320 -36°35'56.009" | 174°51'1.406" | Sed - low shell Absent Present | Absent Absent
2 South-track25 330 -36°35'55.695" | 174°51'1.307" | Sed - low shell Absent Present | Absent Absent
2 South-track25 340 -36°35'55.379"| 174°51'1.214" | Sed - low shell Absent Present | Absent Absent
2 South-track25 350 -36°35'55.057"| 174°51'1.172" | Sed - low shell Absent Present | Absent Absent
2 South-track25 360 -36°35'54.733"| 174°51'1.143" | Sed - low shell Absent Present | Present Absent
2 South-track25 370 -36°35'54.409" | 174°51'1.143" | Sed - low shell Present Present | Present Absent
2 South-track25 380 -36°35'54.085" | 174°51'1.138" | Sed - low shell Absent Present | Absent Absent
2 South-track25 390 -36°35'53.760" | 174°51'1.126" | Sed - low shell Absent Present | Absent Absent
2 South-track25 400 -36°35'53.438"| 174°51'1.089" | Sed - low shell Absent Present | Absent Absent
2 South-track25 410 -36°35'53.115"| 174°51'1.042" | Sed - low shell Absent Present | Absent Absent
2 South-track25 420 -36°35'52.792"| 174°51'1.017" | Sed - low shell Absent Present | Absent Absent
2 South-track25 430 -36°35'52.468" | 174°51'0.993" | Sed - low shell Absent Present | Absent Absent
2 South-track25 440 -36°35'52.144"| 174°51'0.975" | Sed - low shell Absent Present | Absent Absent
2 South-track25 450 -36°35'51.820"| 174°51'0.946" | Sed - low shell Absent Present | Absent Absent
2 South-track25 460 -36°35'51.498"| 174°51'0.902" | Sed - low shell Absent Present | Absent Absent
2 South-track25 470 -36°35'51.174"| 174°51'0.879" | Sed - low shell Absent Present | Absent Absent
2 South-track25 480 -36°35'50.850" | 174°51'0.861" | Sed - low shell Absent Present | Absent Absent
2 South-track25 490 -36°35'50.526" | 174°51'0.877" | Sed - low shell Absent Present | Absent Absent
2 South-track25 500 -36°35'50.202"| 174°51'0.903" | Sed - low shell Absent Present | Absent Absent
2 South-track25 510 -36°35'49.879"| 174°51'0.937" | Sed - low shell Absent Present | Absent Absent
2 South-track25 520 -36°35'49.556" | 174°51'0.974" | Sed - low shell Absent Present | Absent Absent
2 South-track25 530 -36°35'49.234"| 174°51'1.027" | Sed - low shell Absent Present | Absent Absent
2 South-track25 540 -36°35'48.913"| 174°51'1.083" | Sed - low shell Absent Present | Absent Absent

Job Number: 68022

Date of Issue: 29 September 2025




Army Bay Wastewater Treatment Plant

Bioresearches *i»

Environmental Monitoring of the Benthos in the Whangaparaoa Passage (Autumn 2025) A Babbage Company

2 South-track25 550 -36°35'48.595" | 174°51'1.161" | Sed - low shell Absent Present | Absent Absent
2 South-track25 560 -36°35'48.277"| 174°51'1.240" | Sed - low shell Absent Present | Absent Absent
2 South-track25 570 -36°35'47.954" | 174°51'1.268" | Sed - low shell Absent Present | Absent Absent
2 South-track25 580 -36°35'47.630"| 174°51'1.270" | Sed - low shell Absent Present | Absent Absent
2 South-track25 590 -36°35'47.305" | 174°51'1.263" | Sed - low shell Absent Present | Absent Absent
2 South-track25 600 -36°35'46.981"| 174°51'1.252" | Sed - low shell Absent Present | Absent Absent
2 South-track25 610 -36°35'46.657" | 174°51'1.238" | Sed - low shell Absent Present | Absent Absent
2 South-track25 620 -36°35'46.335" | 174°51'1.190" | Sed - low shell Absent Present | Absent Absent
2 South-track25 630 -36°35'46.013"| 174°51'1.142" | Sed - low shell Absent Present | Absent Absent
2 South-track25 640 -36°35'45.691"| 174°51'1.088" | Sed - low shell Absent Present | Absent Absent
2 South-track25 650 -36°35'45.370"| 174°51'1.034" | Sed - low shell Absent Present | Absent Absent
2 South-track25 660 -36°35'45.046" | 174°51'1.018" | Sed - low shell Absent Present | Absent Absent
2 South-track25 670 -36°35'44.721"| 174°51'1.010" | Sed - low shell Absent Present | Absent Absent
2 South-track25 680 -36°35'44.397"| 174°51'1.015" | Sed - low shell Absent Present | Absent Absent
2 South-track25 690 -36°35'44.073"| 174°51'1.023" | Sed - low shell Absent Present | Absent Absent
2 South-track25 700 -36°35'43.750" | 174°51'1.059" | Sed - low shell Absent Present | Present Absent
2 South-track25 710 -36°35'43.426" | 174°51'1.087" | Sed - low shell Absent Present | Absent Absent
2 South-track25 720 -36°35'43.102" | 174°51'1.093" | Sed - low shell Absent Present | Absent Absent
2 South-track25 730 -36°35'42.778"| 174°51'1.109" | Sed - low shell Absent Present | Absent Absent
2 South-track25 740 -36°35'42.456" | 174°51'1.164" | Sed - low shell Absent Present | Absent Absent
3 SNorth-track25 0 -36°35'41.362"| 174°51'0.557" | Sed - low shell Absent Present | Absent Absent
3 SNorth-track25 10 -36°35'41.044"| 174°51'0.486" | Sed - low shell Absent Present | Absent Absent
3 SNorth-track25 20 -36°35'40.721"| 174°51'0.444" | Sed - low shell Absent Present | Absent Absent
3 SNorth-track25 30 -36°35'40.397"| 174°51'0.431" | Sed - low shell Absent Present | Absent Absent
3 SNorth-track25 40 -36°35'40.080" | 174°51'0.494" | Sed - low shell Present Present | Absent Absent
3 SNorth-track25 50 -36°35'39.769" | 174°51'0.607" | Sed - low shell Present Present | Absent Absent
3 SNorth-track25 60 -36°35'39.452"| 174°51'0.682" | Sed - low shell Present Present | Absent Absent
3 SNorth-track25 70 -36°35'39.128"| 174°51'0.705" | Sed - low shell Present Present | Absent Absent
3 SNorth-track25 80 -36°35'38.804" | 174°51'0.728" | Sed - low shell Present Present | Absent Absent
3 SNorth-track25 90 -36°35'38.501"| 174°51'0.867" | Sed - low shell Present Present | Absent Absent
3 SNorth-track25 100 -36°35'38.196" | 174°51'1.000" | Sed - low shell Present Present | Absent Absent
3 SNorth-track25 110 -36°35'37.877"| 174°51'1.069" | Sed - low shell Present Present | Absent Absent
3 SNorth-track25 120 -36°35'37.556" | 174°51'1.107" | Sed - low shell Present Present | Absent Absent
3 SNorth-track25 130 -36°35'37.233"| 174°51'1.071" | Sed - low shell Present Present | Absent Absent
3 SNorth-track25 140 -36°35'36.910"| 174°51'1.034" | Sed - low shell Present Present | Absent Absent
3 SNorth-track25 150 -36°35'36.588" | 174°51'0.985" | Sed - low shell Present Present | Absent Absent
3 SNorth-track25 160 -36°35'36.266" | 174°51'0.936" | Sed - low shell Absent Present | Absent Absent
3 SNorth-track25 170 -36°35'35.952"| 174°51'0.839" | Sed - low shell Absent Present | Absent Absent
3 SNorth-track25 180 -36°35'35.640" | 174°51'0.726" | Sed - low shell Absent Present | Absent Absent
3 SNorth-track25 190 -36°35'35.329"| 174°51'0.613" | Sed - low shell Absent Present | Absent Absent
3 SNorth-track25 200 -36°35'35.019"| 174°51'0.493" | Sed - low shell Absent Present | Absent Absent
3 SNorth-track25 210 -36°35'34.710"| 174°51'0.373" | Sed - low shell Absent Present | Absent Absent
3 SNorth-track25 220 -36°35'34.396" | 174°51'0.287" |Sed - high shell Absent Present | Absent Absent
3 SNorth-track25 230 -36°35'34.071"| 174°51'0.280" |Sed - high shell Absent Present | Absent Absent
3 SNorth-track25 240 -36°35'33.747"| 174°51'0.269" | Sed - low shell Absent Present | Absent Absent
3 SNorth-track25 250 -36°35'33.425" | 174°51'0.221" Sediment Absent Present | Absent Absent
3 SNorth-track25 260 -36°35'33.102" | 174°51'0.187" Sediment Absent Absent | Present Absent
3 SNorth-track25 270 -36°35'32.778"| 174°51'0.174" Sediment Absent Absent | Absent Absent
3 SNorth-track25 280 -36°35'32.453"| 174°51'0.161" Sediment Absent Absent | Absent Absent
3 SNorth-track25 290 -36°35'32.129"| 174°51'0.146" Sediment Absent Absent | Absent Absent
3 SNorth-track25 300 -36°35'31.805"| 174°51'0.131" Sediment Absent Absent | Absent Absent
3 SNorth-track25 310 -36°35'31.481"| 174°51'0.149" Sediment Absent Absent | Absent Absent
3 SNorth-track25 320 -36°35'31.157"| 174°51'0.170" Sediment Present Absent | Absent Absent
3 SNorth-track25 330 -36°35'30.833"| 174°51'0.191" Sediment Present Absent | Absent Absent
3 SNorth-track25 340 -36°35'30.509" | 174°51'0.212" | Sed - low shell Present Present | Absent Absent
3 SNorth-track25 350 -36°35'30.185" | 174°51'0.204" | Sed - low shell Present Present | Absent Absent
3 SNorth-track25 360 -36°35'29.862"| 174°51'0.168" Sediment Present Present | Absent Absent
3 SNorth-track25 370 -36°35'29.540" | 174°51'0.126" Sediment Present Present | Absent Absent
3 SNorth-track25 380 -36°35'29.218"| 174°51'0.074" Sediment Absent Present | Absent Absent
3 SNorth-track25 390 -36°35'28.896" | 174°51'0.022" Sediment Absent Present | Absent Absent
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3 SNorth-track25 400 -36°35'28.572"| 174°51'0.000" Sediment Absent Present | Absent Absent
3 SNorth-track25 410 -36°35'28.248" | 174°50'59.979" Sediment Absent Present | Absent Absent
3 SNorth-track25 420 -36°35'27.928"| 174°51'0.007" Sediment Absent Present | Absent Absent
3 SNorth-track25 430 -36°35'27.611"| 174°51'0.095" Sediment Absent Present | Absent Absent
3 SNorth-track25 440 -36°35'27.292" | 174°51'0.170" Sediment Absent Absent | Absent Absent
3 SNorth-track25 450 -36°35'26.972"| 174°51'0.232" Sediment Absent Absent | Absent Absent
3 SNorth-track25 460 -36°35'26.650" | 174°51'0.275" Sediment Absent Absent | Absent Absent
3 SNorth-track25 470 -36°35'26.326" | 174°51'0.294" Sediment Absent Absent | Absent Absent
3 SNorth-track25 480 -36°35'26.002" | 174°51'0.303" Sediment Absent Present | Absent Absent
3 SNorth-track25 490 -36°35'25.677"| 174°51'0.294" Sediment Absent Absent | Absent Absent
3 SNorth-track25 500 -36°35'25.353"| 174°51'0.291" Sediment Absent Absent | Absent Absent
3 SNorth-track25 510 -36°35'25.029" | 174°51'0.312" Sediment Absent Present | Absent Absent
3 SNorth-track25 520 -36°35'24.705" | 174°51'0.325" Sediment Present Present | Absent Absent
3 SNorth-track25 530 -36°35'24.380" | 174°51'0.318" Sediment Absent Present | Absent Absent
3 SNorth-track25 540 -36°35'24.056" | 174°51'0.305" Sediment Absent Present | Absent Absent
3 SNorth-track25 550 -36°35'23.736" | 174°51'0.245" Sediment Absent Absent | Absent Absent
3 SNorth-track25 560 -36°35'23.415"| 174°51'0.185" Sediment Absent Absent | Absent Absent
3 SNorth-track25 570 -36°35'23.091"| 174°51'0.165" Sediment Absent Absent | Absent Absent
3 SNorth-track25 580 -36°35'22.767"| 174°51'0.158" Sediment Absent Absent | Absent Absent
3 SNorth-track25 590 -36°35'22.442" | 174°51'0.155" Sediment Absent Absent | Absent Absent
3 SNorth-track25 600 -36°35'22.118"| 174°51'0.167" Sediment Absent Absent | Absent Present
3 SNorth-track25 610 -36°35'21.794"| 174°51'0.187" Sediment Absent Absent | Absent Present
3 SNorth-track25 620 -36°35'21.470"| 174°51'0.203" Sediment Absent Absent | Absent Present
3 SNorth-track25 630 -36°35'21.146" | 174°51'0.219" Sediment Absent Absent | Absent Present
3 SNorth-track25 640 -36°35'20.822"| 174°51'0.208" Sediment Absent Absent | Absent Present
3 SNorth-track25 650 -36°35'20.497"| 174°51'0.199" Sediment Absent Present | Absent Present
3 SNorth-track25 660 -36°35'20.173"| 174°51'0.213" Sediment Absent Absent | Absent Present
3 SNorth-track25 670 -36°35'19.849" | 174°51'0.226" Sediment Absent Absent | Absent Present
3 SNorth-track25 680 -36°35'19.526" | 174°51'0.259" Sediment Absent Absent | Absent Present
3 SNorth-track25 690 -36°35'19.203"| 174°51'0.296" Sediment Absent Absent | Absent Present
3 SNorth-track25 700 -36°35'18.879"| 174°51'0.283" Sediment Absent Absent | Absent Present
3 SNorth-track25 710 -36°35'18.555" | 174°51'0.263" Sediment Absent Absent | Absent Present
3 SNorth-track25 720 -36°35'18.231"| 174°51'0.244" Sediment Absent Absent | Absent Present
3 SNorth-track25 730 -36°35'17.907"| 174°51'0.226" Sediment Absent Absent | Absent Present
3 SNorth-track25 740 -36°35'17.582"| 174°51'0.206" Sediment Absent Absent | Absent Present
3 SNorth-track25 750 -36°35'17.258"| 174°51'0.207" Sediment Absent Absent | Absent Present
3 SNorth-track25 760 -36°35'16.934" | 174°51'0.220" Sediment Absent Absent | Absent Present
4 East-track25 0 -36°35'33.891"| 174°51'0.297" |Sed - high shell Absent Absent | Present Absent
4 East-track25 10 -36°35'33.908" | 174°51'0.697" |Sed - high shell Absent Present | Absent Absent
4 East-track25 20 -36°35'33.730"| 174°51'0.974" | Sed - low shell Present Present | Present Absent
4 East-track25 30 -36°35'33.672"| 174°51'1.369" Sediment Present Present | Present Absent
4 East-track25 40 -36°35'33.705" | 174°51'1.749" Sediment Present Present | Present Absent
4 East-track25 50 -36°35'33.848"| 174°51'2.110" Sediment Present Present | Present Absent
4 East-track25 60 -36°35'33.992" | 174°51'2.471" Sediment Absent Absent | Absent Absent
4 East-track25 70 -36°35'34.135" | 174°51'2.832" Sediment Absent Absent | Absent Absent
4 East-track25 80 -36°35'34.197"| 174°51'3.220" Sediment Absent Present | Absent Absent
4 East-track25 90 -36°35'34.218"| 174°51'3.621" Sediment Present Present | Present Absent
4 East-track25 100 -36°35'34.239"| 174°51'4.023" Sediment Absent Absent | Absent Absent
4 East-track25 110 -36°35'34.260" | 174°51'4.424" Sediment Absent Absent | Absent Absent
4 East-track25 120 -36°35'34.304" | 174°51'4.822" Sediment Absent Absent | Absent Absent
4 East-track25 130 -36°35'34.369"| 174°51'5.216" Sediment Absent Absent | Absent Absent
4 East-track25 140 -36°35'34.401"| 174°51'5.614" Sediment Absent Absent | Absent Absent
4 East-track25 150 -36°35'34.404" | 174°51'6.017" Sediment Absent Absent | Absent Absent
4 East-track25 160 -36°35'34.391"| 174°51'6.417" Sediment Absent Absent | Absent Absent
4 East-track25 170 -36°35'34.333"| 174°51'6.813" Sediment Absent Absent | Absent Absent
4 East-track25 180 -36°35'34.275"| 174°51'7.209" Sediment Absent Absent | Absent Absent
4 East-track25 190 -36°35'34.232"| 174°51'7.607" Sediment Absent Absent | Absent Present
4 East-track25 200 -36°35'34.194" | 174°51'8.007" Sediment Absent Absent | Absent Present
4 East-track25 210 -36°35'34.170"| 174°51'8.408" Sediment Absent Absent | Absent Present
4 East-track25 220 -36°35'34.157"| 174°51'8.810" Sediment Absent Absent | Absent Present
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4 East-track25 230 -36°35'34.145" | 174°51'9.212" Sediment Absent Absent | Absent Present
4 East-track25 240 -36°35'34.139"| 174°51'9.614" Sediment Absent Absent | Absent Present
4 East-track25 250 -36°35'34.138"|174°51'10.017"| Sediment Absent Present | Absent Present
4 East-track25 260 -36°35'34.137"|174°51'10.419"| Sediment Absent Absent | Absent Present
4 East-track25 270 -36°35'34.139"| 174°51'10.821"| Sediment Absent Present | Absent Present
4 East-track25 280 -36°35'34.141"|174°51'11.224" Sediment Absent Present | Absent Present
4 East-track25 290 -36°35'34.141"|174°51'11.626"| Sediment Absent Absent | Absent Present
4 East-track25 300 -36°35'34.141"| 174°51'12.028"| Sediment Absent Absent | Absent Present
4 East-track25 310 -36°35'34.155"|174°51'12.430"| Sediment Absent Absent | Absent Present
4 East-track25 320 -36°35'34.173"|174°51'12.832"| Sediment Absent Absent | Absent Present
4 East-track25 330 -36°35'34.191"|174°51'13.233"| Sediment Absent Absent | Absent Present
4 East-track25 340 -36°35'34.208"|174°51'13.635"| Sediment Absent Absent | Absent Present
4 East-track25 350 -36°35'34.224"| 174°51'14.037"| Sediment Absent Absent | Absent Present
4 East-track25 360 -36°35'34.234"|174°51'14.439"| Sediment Absent Present | Absent Present
4 East-track25 370 -36°35'34.244"|174°51'14.841"| Sediment Absent Absent | Absent Present
4 East-track25 380 -36°35'34.239" | 174°51'15.244" Sediment Absent Absent | Absent Present
4 East-track25 390 -36°35'34.231"|174°51'15.646"| Sediment Absent Absent | Absent Present
4 East-track25 400 -36°35'34.217"|174°51'16.048" Sediment Absent Present | Absent Present
4 East-track25 410 -36°35'34.197"|174°51'16.449"| Sediment Absent Absent | Absent Present
4 East-track25 420 -36°35'34.179"|174°51'16.851"| Sediment Absent Absent | Absent Present
4 East-track25 430 -36°35'34.189" | 174°51'17.253" Sediment Absent Absent | Absent Present
4 East-track25 440 -36°35'34.200" | 174°51'17.655"| Sediment Absent Present | Absent Present
4 East-track25 450 -36°35'34.222" | 174°51'18.056" Sediment Absent Absent | Absent Present
4 East-track25 460 -36°35'34.269" | 174°51'18.454" Sediment Absent Absent | Absent Present
4 East-track25 470 -36°35'34.315"|174°51'18.852"| Sediment Absent Absent | Absent Present
4 East-track25 480 -36°35'34.300" | 174°51'19.253" Sediment Absent Absent | Absent Present
4 East-track25 490 -36°35'34.279"|174°51'19.655"|  Sediment Absent Absent | Absent Present
4 East-track25 500 -36°35'34.238"|174°51'20.054"| Sediment Absent Absent | Absent Present
4 East-track25 510 -36°35'34.193" | 174°51'20.452" Sediment Absent Absent | Absent Present
4 East-track25 520 -36°35'34.155" | 174°51'20.852"| Sediment Absent Absent | Absent Present
4 East-track25 530 -36°35'34.123"|174°51'21.252" Sediment Absent Absent | Absent Present
4 East-track25 540 -36°35'34.091"|174°51'21.652" Sediment Absent Absent | Absent Present

Note: The transects were recorded in this order: 1. SW transect from the outfall to 540m (reef starting); 2. Southern
transect from S1000 going north towards the outfall for 740m (dive time limitation); 3. South-North transect going
north from the end point of transect 2, passing the outfall, towards N1000 for 760m (dive time limitation); 4. Eastern
track from the outfall going East towards E1000 for 540m (depth limitation of 27m).

Table 31 Snapshots of video footage showing some examples of epibiota features — July 2025

1. SWtrack

SW track25

7/24/2025
11:35 AM

LON: 174° 50’ 58.73"
LAT: -36° 35' 33.23¢
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SW track25 7/24/2025
11:37 AM

LON: 174° 50' 56.63"
LAT: -36° 35' 34.70"

SW track25 7/24/2025
11:43 AM

LON:  174° 50’ 48.37"
LAT: -36° 35’ 40,09"

SW track25 7/24/2025
11:44 AM

LON: 174° 50' 44.84"
LAT: -36° 35' 41.66"
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2. Southtrack

South track25 7/24/2025
12:10 PM

LON: 174° 51" 1.11"
LAT: -36° 36’ 5.69"

South track25 7/24/2025
12:14 PM

LON: 174° 51" 1.31"
LAT: -36° 35’ 59.44"

South track25 7/24/2025
12:17 PM

LON: 174° 51" 1.14"
LAT: -36° 35" 54.70"
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3. South-North track

SN track25 /2412025
12:42 PM

LON: 174° 51' 0.28"
LAT: -36° 35" 34.23"

SN track25 712412025
12:45 PM

LON: 174° 51' 0.07"
LAT: -36° 35' 27.71"

SN track25

LON: 174° 51' 0.22"
LAT: -36° 35" 16.91"

Job Number: 68022 Date of Issue: 29 September 2025




Army Bay Wastewater Treatment Plant Bioresearches *'

A B:
Environmental Monitoring of the Benthos in the Whangaparaoa Passage (Autumn 2025) abbage Company

Appendix F Benthic biota 2025 raw data

Table 32. Benthic biota North and East Transects raw data (No./0.023 m2).

| Region [ Noth |
General Group [ site [ Nwo | N0 | Ntoco [ Et0 [  E250 |
Common Name

Hydrozoa Hydroida (thecate) Hydroid colony
IAnthozoa Anthopleura aureoradiata IAnemone 1
Nemertea Nemertea Proboscis worms 2|4 11211 2 1
Sipuncula Aspidosiphon sp. Peanut worm 1
Scaphopoda Cadulus teliger Tusk Shell 22|11 1 2 2 19 2|3 1{2|2(1|1|1
Polyplacophora ILeptochiton inquinatus Chiton 1 2
Gastropoda \Amalda northlandica Olive shell 1 1 1 1
Gastropoda Cominella sp. \Whelk 1
Gastropoda Sigapatella tenuis [Small circular slipper shell 1
Opisthobranchia Heterobranchia Unid. Slugs Marine 1 1 1
Opisthobranchia Acteon (maxacteon) flammeus|Barrel shell 1 1
Opisthobranchia \Philine auriformis \White Slug 1 1
Bivalvia Arthritica bifurca ISmall bivalve 6|4 1 1 1(3 1 2|1
Bivalvia lAnomiidae Family (Juveniles) 6 1
Bivalvia Corbula zelandica Basket shell 1 1
Bivalvia Hiatella arctica Burrowing shell 1 2
Bivalvia \Limaria orientalis File Shell 1
Bivalvia Mysella sp. ISmall bivalve 2 3 1(4|1 1|1 6|1
Bivalvia INeilo australis Small bivalve 1
Bivalvia INotocallista multistriata Oblong cockle shell 1
Bivalvia ucula nitidula Nut shell 2
Bivalvia Saccostrea glomerata IAuckland rock oyster 1
Bivalvia Theora lubrica Window shell 2 519|712 6(5|8|1|5(7 4(1|3]4|9 2|5|7|5(8[1|7]|4]|1 5 4(2|1
Bivalvia Zemysina sp. Globe shell 1
Oligochaeta Oligochaeta Oligochaete worms 1/1]2[3|2]1 8 15/4 |3
Polychaeta: Nereididae INeanthes sp. Rag worm 1
Polychaeta: Paraonidae Paraonidae Polychaete worm 2 3|5 111 1 1
Polychaeta: Paraonidae Aricidea sp. Polychaete worm 1 1
Polychaeta: Cossuridae Cossura consimilis Polychaete worm 5|/6/1(8|5|9 1{2|3(2[1|3|4|4 14211 413]|1 2|4 413[(3(3|2[2(3
Polychaeta: Spionidae IPolydora sp. Polychaete worm 1 1 5 1
Polychaeta: Spionidae IPrionospio multicristata Polychaete worm 3(2 3
Polychaeta: Spionidae \Prionospio sp. Polychaete worm 1/5|2|3
Polychaeta: Spionidae IPrionospio yuriel Polychaete worm 411(2 4(18/1|4|4(4|3 3 1 4(3|6|5 5|3(50(20|{1|3|5|2|1|2 1
Polychaeta: Spionidae \Spio readi Polychaete worm 1
Polychaeta: Chaetopteridae |Phyllochaetopterus socialis  [Parchment worm 2 1
Polychaeta: Capitellidae Barantolla lepte Polychaete worm 4 1)1
Polychaeta: Capitellidae Capitella capitata Polychaete worm 2 1
Polychaeta: Capitellidae IHeteromastus filiformis Polychaete worm 1 92|21 1
Polychaeta: Maldanidae Maldanidae Bamboo Worms 1 1
Polychaeta: Opheliidae Armandia maculata Polychaete worm 7111 1 2
Polychaeta: Phyllodocidae  |Phyllodocidae Paddle worms 1 1
Polychaeta: Pilargidae Pilargidae Polychaete family 1
Polychaeta: Polynoidae Polynoidae Scale worms 1
Polychaeta: Sigalionidae Sigalionidae Polychaete worm 2|31 111 2|2 6|11|2(2(2]|1 2 2|1 1|2 1(1 3(1 2|1
Polychaeta: Hesionidae Hesionidae Polychaete Worm 1 1 1 1(1 1 1
Polychaeta: Syllidae ISyllidae Polychaete worm 1
Polychaeta: Syllidae Exogoninae Polychaete worm Family 2 1|3 1 2 1 1 1 1 1|8 1 1
Polychaeta: Nereidae Nereidae (juvenile) Rag worms 1 1 1 1
Polychaeta: Nereidae \Perinereis vallata Rag worm 1
Polychaeta: Glyceridae Glyceridae Polychaete worm 1 1
Polychaeta: Nephtyidae Aglaophamus sp. Polychaete worm 5(5|8(10({12|7|1(5|4|7|9|5|7|1211|9|11|{6} 1|5 2|4)1|8|7|2|5|6|3|7|2|2|1
Polychaeta: Onuphidae Onuphis aucklandensis Polychaete worm 1
Polychaeta: Onuphidae Onuphis pectinata Polychaete worm 1 2 1 1/11|2 1|3 3|1(2
Polychaeta: Eunicidae Eunicidae Polychaete worm 1
Polychaeta: Lumbrineridae |Lumbrineridae Polychaete worm 1 111 1 1
Polychaeta: Dorvilleidae Dorvilleidae Polychaete worm 3(3 32
Polychaeta: Oweniidae lyriochele sp. Polychaete worm 21|15|13|34( 7 |20 6(9|2|9|5|63|112 6 | 8 |41]|48(24
Polychaeta: Ampharetidae  |Ampharetidae Polychaete worm 1
Polychaeta: Cirratulidae Cirratulidae Polychaete worm 711|243 |1 414|5(3|3|1(4|2]|1 211(2|3]|1 11121 2(1|1|1 5|42
Polychaeta: Flabelligeridae |Flabelligeridae Polychaete worm 1 1 1 1 1
Polychaeta: Pectinariidae \Lagis (Pectinaria) australis Polychaete worm 2
Polychaeta: Terebellidae Terebellidae Polychaete worm 1
Polychaeta: Trichobranchidae|Terebellides stroemi Polychaete worm 1 1(1
Polychaeta: Sabellidae \Sabella spallanzanii Fan worm (introduced) 1
Crustacea Nebalia sp. Small Crustacean 1 1
Crustacea Cladocera \water flea 1
Mysidacea Mysidacea Mysid shrimp 1 1
Cumacea Cumacea Cumaceans 1(1(2|1]3 2 1|3 1 2 2 3|2 1 1(3 1
Tanaidacea Tanaid sp. ITanaid Shrimp 2(3|3(6(9|18 7 |12(14| 1 |10(76|66|51| 5 |33| 1 4(3(18/9|4|2 2
Isopoda Anthuridea Isopod 1
Isopoda lunna schauinslandii Isopod 1 1(1
IAmphipoda Phoxocephalidae IAmphipod (family) 1|2 2 111 2 6|3 1 1 1(1]1
IAmphipoda Ampelisca sp. IAmphipod (large) 1
IAmphipoda IAmphipoda Unid. IAmphipod 1 114|1 1 2
Decapoda Austrohelice crassa Tunnelling Mud Crab 1
Decapoda Callianassa filholi Ghost Shrimp 1
Decapoda \Pagurus sp. Hermit Crab 1 1
Decapoda IPetrolisthes novaezelandiae |Red false crab 1 1
Decapoda IPilumnus novaezelandiae Hairy crab 1 4 1
Decapoda Decapoda (larvae Unid.) Unidentified Crab Larvae 1 1 2 2 1 1
Decapoda Stomatopoda (Juvenile) Mantis Shrimp 2 2
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General Group
Common Name
Ostracoda ICymbicopia hispida Ostracod 1|2 1
Ostracoda Cypridinoides sp. Ostracod 1 1(1)1 1 5|5 2|5 3 1 1 2|1 1 2|1|5(3(|1]|1
Ostracoda \Parasterope quadrata Ostracod 1 1
Ostracoda \Scleroconcha sp. Ostracod 1
Ostracoda Trachyleberis lytteltonsis Ostracod 1{1|2(4|1|1|12|5|5]|5 4 2 5|5(12|8|7(10[13| 3|2 3
Copepoda Copepoda Copepods 1 1 1
Cirripedia \Balanus decorus Barnacle 3 6 7
Bryozoa Bryozoa (bushy) Bryozoan colony 1 2
Bryozoa Bryozoa (encrusting) Bryozoan colony 2
Echinoidea [Echinocardium cordatum Heart Urchin 1[1 2|1 1/1)1(2|2]1 3[1 4|1 1 2|1
Ophiuroidea Ophiuroidea Brittle stars 1 3|11 4(5|3 1 21 2|1(3(1 1{1(1 1
Holothuroidea Holothuroidea (unid. Juvenile) [Juvenile sea cucumber 1 1
Chaetognatha Chaetognatha IArrow Worm 1 1 1 1)1 11 1)2|1(1|1 6 1
Total of Indivi 29|33|48|65(48|57|90|60(34|63|54|85|65(153|120(12135|75]19|40|65|31|16|39|41(117|67 |46 |54 |123|133| 37 24(64| 70|38
Total Number of Species/Taxa]13| 9 (17|21|12|15|36(19|14(22|12|31|19(19|16|13|10|15] 9 | 8 |28|16| 8 [15/19|21|14|13|17(20|13|14|10|13|15|12
Shannon D y .2(1.9/2.6(2.7|2.2|2.0|3.2|2.4|2.4|2.8|2.2|2.6}2.3|1.9(1.7|1.7|1.9|1.8§2.0|1.7|3.1(2.6|1.8(2.5{2.7(2.1|2.0|2.2|2.6|1.9]0.8|2.4(2.0|1.5(1.4|1.5]
;Diversity 3.6/2.3(4.1/4.8|2.8/3.5|7.8|4.4/3.7(5.1|2.8/6.8|4.3(3.6/|3.1|2.5|2.5|3.2§2.7|1.9|6.5|4.4|2.5|3.8]4.8|4.2|3.1|3.1|4.0/3.9]2.5/3.6|2.8|2.9|3.3|3.0|
P|e[ou' 0.9/0.9/0.9/0.9/09/0.7]0.9/0.8/0.9/0.9| 09 |0.9]0.8/0.7|0.6{0.7|0.8/0.6§0.9/0.8/0.9/0.9/0.9/0.9]0.9/0.7/0.8/0.9/0.9/0.6]0.3/0.9|0.9/0.6(0.5|0.
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Table 33. Benthic biota West and South Transects raw data (No./0.023 m2).

General Group

Common Name

Porifera Sponge (bread) ISponge Unid.

Hydrozoa Hydroida (thecate) Hydroid colony 1(1 1

Platyhelminthes Platyhelminthes Flat Worm 1

Nemertea Nemertea Proboscis worms 1111 )1]1 1 1 1 1 1 11211 12
Sipuncula IThemiste sp. Peanut worm 1 1

Scaphopoda Cadulus teliger [Tusk Shell 1 1 2
Polyplacophora Leptochiton inquinatus IChiton 1

Gastropoda lAmalda northlandica Olive shell 1

Gastropoda (Caecum digitulum ISmall gastropod 1

Gastropoda Maoricolpus roseus roseus |Large turret shell 1

Gastropoda Sigapatella tenuis [Small circular slipper shell 1

Opisthobranchia IActeon (maxacteon) flammeus  [Barrel shell 1
Opisthobranchia Philine auriformis hite Slug 1 1 2|2 1

Bivalvia IAnomiidae Family (Juveniles) 2|11 1 1
Bivalvia Borniola sp. ISmall bivalve 1

Bivalvia Corbula zelandica Basket shell 1]1 1

Bivalvia Dosina zelandica Large Bivalve 2

Bivalvia Hiatella arctica Burrowing shell 2

Bivalvia Limaria orientalis File Shell 1

Bivalvia Modiolarcaimpacta Nesting Mussel 1

Bivalvia Mysella sp. Small bivalve 2 3
Bivalvia Nucula nitidula Nut shell 1 1 1 1
Bivalvia Saccostrea glomerata {Auckland rock oyster 1

Bivalvia Solemya parkinsoni Bivalve 1

Bivalvia ITheora lubrica Window shell 1(1 1(1 1 1 1(2]1 1
Oligochaeta Oligochaeta lOligochaete worms 3(1 1 1 1 1 2(2|11|1
Polychaeta: Paraonidae Paraonidae Polychaete worm 1(1|5|1|1|2|1|1|5|3|1 1(2 1 1

Polychaeta: Paraonidae \Aricidea sp. Polychaete worm 1(1

Polychaeta: Cossuridae ICossura consimilis Polychaete worm 2|11|1 1 8 2 2 1 1 2|2|6|5|6|2
Polychaeta: Spionidae Boccardia sp. Polychaete worm 1 1

Polychaeta: Spionidae Polydora sp. Polychaete worm 1 1 2|1 3|1

Polychaeta: Spionidae Prionospio multicristata Polychaete worm 5|3[1|3|2(6|8|4|6 2 1 1
Polychaeta: Spionidae Prionospio yuriel Polychaete worm 4112 1 1 111 2|11(1]1 1 1|2 12|14
Polychaeta: Chaetopteridae Phyllochaetopterus socialis |Parchment worm 1

Polychaeta: Capitellidae Barantolla lepte Polychaete worm 1 16(5(1]9|1 4161 5[2 2 3[1(3]|1
Polychaeta: Capitellidae Heteromastus filiformis Polychaete worm 5|/2|5|6|4(6|13|/9|9 2|1

Polychaeta: Capitellidae Notomastus zeylanicus Polychaete worm 2 3|1 2 1

Polychaeta: Maldanidae Maldanidae Bamboo Worms 2(1]1 2|2 1
Polychaeta: Opheliidae )Armandia maculata Polychaete worm 2|5(33[13| 1|2 1|4|18|10 1

Polychaeta: Phyllodocidae Phyllodocidae Paddle worms 1

Polychaeta: Polynoidae Polynoidae IScale worms 1 2

Polychaeta: Sigalionidae Sigalionidae Polychaete worm 1)1 1 1 2 1 1
Polychaeta: Hesionidae Hesionidae Polychaete Worm 1(2 1 1 1 1 1 1 1)1
Polychaeta: Syllidae Syllidae Polychaete worm 6|2 1 4 1 1

Polychaeta: Syllidae Exogoninae PolychaetewormFamily f 1 (2| 1|6 |2 5/1|1(3|5|2 1 1 1(1]2 1 2
Polychaeta: Nereidae Nereidae (juvenile) Rag worms 1 1 2|1 1 1

Polychaeta: Nereidae Nereis cricognatha Rag Worm 1

Polychaeta: Glyceridae Glyceridae Polychaete worm 1)1 11 1141 1 1

Polychaeta: Nephtyidae )Aglaophamus sp. Polychaete worm 3(6|6 1(7]2]2(1 1[5 1(3|1(9|9]|5
Polychaeta: Onuphidae Onuphis aucklandensis Polychaete worm 1

Polychaeta: Onuphidae Onuphis pectinata Polychaete worm 1(1 1 1(1]2 1 2|12(1]|1 3|2 1(1]1
Polychaeta: Eunicidae Eunicidae Polychaete worm 1121 3 2 1

Polychaeta: Lumbrineridae Lumbrineridae Polychaete worm 1|2 1

Polychaeta: Dorvilleidae Dorvilleidae Polychaete worm 1(1)17|2 1 1 1 2 1

Polychaeta: Oweniidae Myriochele sp. Polychaete worm 1 1 1(2|1(2
Polychaeta: Cirratulidae Cirratulidae Polychaete worm 1 3[2 3(2]1 2110241 1 1/2|1|2(1}1|5|3|5|6]20
Polychaeta: Flabelligeridae Flabelligeridae Polychaete worm 3[4 1 2 1)1 1|1
Polychaeta: Terebellidae Terebellidae Polychaete worm 1

Polychaeta: Trichobranchidae ([Terebellides stroemi Polychaete worm 1(1 1 2 1(1

Polychaeta: Sabellidae Sabellidae Umbrella worms 1 1

Polychaeta: Sabellidae Euchone pallida Fan worm 2 1

Polychaeta: Sabellidae Sabella spallanzanii Fan worm (introduced) 1

Polychaeta: Serpulidae Hydroides norvegicus Fan worm 2|1

Polychaeta: Serpulidae Serpula sp. Fan worm 1

Crustacea Nebalia sp. ISmall Crustacean 7|1 1 1 2 10 1 1

Cumacea Cumacea ICumaceans 1(1(7]4|11 2 5]15/9(8 2 1
Tanaidacea 'Tanaid sp. [Tanaid Shrimp 1 1(1(1]1 2 7|1 4 2 3
Isopoda \Anthuridea Isopod 1 2 1(4|6

Isopoda alvifera Isopod 2 1

IAmphipoda Phoxocephalidae IAmphipod (family) 2(2|1(10(13|1|3 3|11| 2|4 1 1(1|4 1 1
IAmphipoda \IAmphipoda Unid. IAmphipod 1(41|20(3|2|1(5 3|1|1 3 3 21

Decapoda Notomithrax minor ICamouflage crab 1 1

Decapoda Palaemon affinis Estuarine Prawn 2

Decapoda Petrolisthes novaezelandiae |Red false crab 1

Decapoda Pilumnus novaezelandiae  |Hairy crab 142 1(3]|1 2 1 3

Decapoda Pyromaia tuberculata ICrab 1 1 1
Decapoda Upogebia danai Mud Shrimp 1 1

Decapoda Decapoda (larvae Unid.) Unidentified Crab Larvae 3 1 1 1
Decapoda Stomatopoda (Juvenile) Mantis Shrimp 1

Ostracoda Cypridinoides sp. (Ostracod 11 11|12 1 1
Ostracoda Euphilomedes agilis (Ostracod 2

Ostracoda Parasterope quadrata (Ostracod 1 1 1|2 1 1

Ostracoda Scleroconcha sp. (Ostracod 1

Ostracoda Trachyleberis lytteltonsis  |Ostracod 1 1 1 2

Cirripedia Balanus decorus Barnacle 3 8 1 56
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Diptera Polypedilum non-biting midges 1
Phoronida Phoronus sp. Horseshoe worms 1
Bryozoa Bryozoa (bushy) Bryozoan colony 1)1 1)1 1
Bryozoa Bryozoa (encrusting) Bryozoan colony 1 1 1 1
Echinoidea Echinocardium cordatum  |Heart Urchin 1 2(1(1 1(2
Ophiuroidea Ophiuroidea Brittle stars 1|43 1 3(2|7 1 1 1 1 1(1
Chaetognatha Chaetognatha IArrow Worm 1 1 2 1|1 2
Ascidiacea IAplidium phortax IColonial sea squirts 1
Total Number of Individuals | 8 | 28|98 |183| 81|22 |60|26|33|92(108/65| 8 [49|21|15(26|28| 8 (15[14|12|111| 2 |10|20|25(31|52|59
Total Number of Species/Taxa| 5 [19|32|40|31|14|26|17|16(28(32(24] 6 |27|10(13(13|20| 5 |13|11|11|21| 2 | 7 (10|13|14|17(17
Shannon Diversity |1.52.8(2.5(3.1|2.9|2.4|3.0(2.6/2.5|2.8|3.1(2.7]1.7|3.0|2.0|2.5(2.2(2.9]1.6|2.5|2.3|2.4(1.9/|0.7|1.9(2.2(2.4|2.2|2.4|2.2|
M lef's Diversity |1.9(5.4/6.8|7.5|6.8|4.2|6.1|4.9]|4.3|6.0|6.6(5.5]2.4/6.7|3.0|4.4|3.7(5.7|1.9|4.4|3.8(4.0(4.2|1.4|2.6(3.0(3.7|3.8|4.0|3.9|
Pielou 0.9/0.9|0.7]0.8(0.9/0.9]0.9(0.9(0.9/0.9/0.9]0.9]1.0{0.9(0.9/1.0/0.8|1.0{1.0/1.0/1.0{1.0|0.6{1.0{1.0/0.9{0.9(0.8/0.8/|0.8
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Appendix G  Statistical tests on benthic biota

Table 34. Univariate statistical tests results on diversity measures for region and distance.

DISTANCE (3 groups)
Factor Statistic Statistic
General test value (H) General test value (H)

S Kruskal-Wallis Dunn 13.20 0.004 Kruskal-Wallis - 4.207 0.122

N Kruskal-Wallis Dunn 18.23 0.0004 Kruskal-Wallis - 3.561 0.169

d Kruskal-Wallis Dunn 13.52 0.004 Kruskal-Wallis Dunn 8.975 0.011

J Kruskal-Wallis Dunn 13.34 0.004 Kruskal-Wallis Dunn 10.22 0.006

Highlighted p values are statistically significant at alpha = 0.05.

Table 35. Post hoc tests on diversity measures.

| Factor | REGION(4groups) | DISTANCE (3 groups)
S West > East, South -
N South < East, North, West -
d West > East, North, South 250 m>1000 m
y South > East, North 100 m, 250 m > 1000 m

Benthic biota matrix — Multivariate statistical tests results for region and distance

ANOSIM test for differences between unordered Region groups

Sample statistic (R): 0.385
Significance level of sample statistic: 0.01% (p-value: 0.0001)

Table 36. Benthic biota - Pairwise Tests for differences between unordered REGION groups.

— ‘ R statistic | SiEnificance p-value ‘ Possible Actual Number =

level % permutations | permutations | observed
EAST, NORTH 0.129 0.2 0.0023 Very large 9999 22
EAST, SOUTH 0.236 0.01 0.0001 Very large 9999 0
EAST, WEST 0.832 0.01 0.0001 86493225 9999 0
NORTH, SOUTH 0.218 0.03 0.0003 Very large 9999 2
NORTH, WEST 0.724 0.01 0.0001 86493225 9999 0
SOUTH, WEST 0.442 0.01 0.0001 86493225 9999 0

Highlighted p values are statistically significant at alpha = 0.05.

ANOSIM test for differences between unordered Distance groups

Sample statistic (R): 0.127
Significance level of sample statistic: 0.03% (p-value: 0.0003)

Table 37. Benthic biota - Pairwise Tests for differences between unordered DISTANCE groups.

... | Significance Possible per- | Actual permu- | Number 2
Groups ‘ R Statistic glevel% p-value ‘ mutatiolr)ls ‘ tatizns observed
100m, 250m 0.022 16.7 0.1674 Very large 9999 1673
100m, 1000m 0.228 0.05 0.0005 Very large 9999 4
250m, 1000m 0.155 0.4 0.0037 Very large 9999 36

Highlighted p values are statistically significant at alpha = 0.05.
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Figure 35. Diversity measures (box plots) for benthic locations grouped by distance.
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Appendix H
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p E100-C
p E100-D
B E1000-C
B E1000-F
P £1000-4
P E100-E
 E1000-D
B E100-A
» E100-B
B E250-D
B E250-B
B E100-F
P £1000-8
P E1000-E
B E250-F
P E250-4
p E250-E
B E250-C
N1 000-E
N1 000-D
N1 000-B
M1 000-C
NZ50-E

Sabellidae

Hiatella arctica
Aricidea sp.
Polynoidas

Balanus decorus
Motomastus zeylanicus
Sponge (bread)
Polydorasp.

Mucula nitidula
Parasterope quadrata
Anomiidag
Dorvilleidas

Armandia maculata
Pilumnus novaezelandiae
Amphipoda Unid.
Syllidae
Flabelligeridas
Mebalia sp.

Barantolla lepte
Glyceridae
Excgoninas
Paraonidae
Heteromastus filiformis
Prionospio multicristata
Cumacea
Phoxocephalidas
Ophiuvroidea
Hesionidag
Terebellides stroemi
Memertea

Onuphis pectinata
Oligochaeta

Arthritica bifurca
Prionospio sp.
Chaetognatha
Cadulus teliger
Prionospio yurig
Trachyleberis lytteltonsis
Cirratulidae
Aglaophamus sp.
Cossura consimilis
Theora lubrica
Sigalionidas
Cypridinoides sp.
Tanaid sp.

Mysella sp.
Echinocardium cordatum
Myriochelesp.
Amalda northlandica
Pagurus sp.

ik
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Benthic biota matrix organised by taxa similarities
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Auckland
Address | Level 4, 68 Beach Road, Auckland 1010

Post | PO Box 2027, Shortland Street, Auckland 1140, New
Zealand

Ph| 6493799980
Fax|+64 93771170

Email | contact-us@babbage.co.nz

Hamilton
Address | Unit 1, 85 Church Road, Pukete, Hamilton 3200
Post | PO Box 20068, Te Rapa, Hamilton 3241, New Zealand
Ph|+647 8507010
Fax|+64 93771170

Email | contact-us@babbage.co.nz

Christchurch

Address | 128 Montreal Street, Sydenham, Christchurch
8023

Post | PO Box 2373, Christchurch 8140, New Zealand
Ph|+64 33792734
Fax | +64 3 379 1642

Email | solutions@babbage.co.nz

Babbage Consultants Australia Pty Ltd — Australia
Address | Suite 4, Level 2, 1 Yarra Street, Geelong,
Victoria 3220, Australia
Ph| +61 3 8539 4805

Email | contact-us@babbage.co.nz

www.bioresearches.co.nz

www.babbage.co.nz

www.babbageconsultants.com.au

Job Number: 68022 Date of Issue: 29 September 2025


mailto:solutions@babbage.co.nz
http://www.bioresearches.co.nz/
http://www.babbage.co.nz/
http://www.babbageconsultants.com.au/

