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1 Introduction 

1.1 Background 

Watercare Services Limited (Watercare) holds Resource Consents (CST60082600 and CST60082302) 
for the Southwest Subregional Wastewater Treatment Plant that includes Condition 27, which 
mandates the development and implementation of a Southwest Receiving Environment Monitoring 
Programme (SW REMP). The primary objective of the SW REMP is to monitor and assess spatial and 
temporal trends in water quality, shellfish quality, marine ecology (benthic and reef) and marine 
vegetation of the southern Manukau Harbour in relation to the release of treated wastewater from 
the new Clarks Beach outfall, scheduled to become operational in May 2026.  

In accordance with the Resource Consent conditions, environmental monitoring protocols for reef 
ecology were established by Watercare Services Limited and approved by Auckland Council. Tonkin 
and Taylor Ltd (T+T) are contracted to implement two components of this monitoring programme 
which relate to Condition 27 (b)(v) reef monitoring, and Condition 27 (b)(x and xii) monitoring of 
vegetation presence and blooms.  

This report presents the second round of rocky reef monitoring on Tokaroa Point undertaken on 20 
October 2025. The survey will contribute to baseline information to determine if any discernible 
effects occur following the proposed commencement of discharges from the Southwest Subregional 
Wastewater Treatment Plant in June 2026. The works have been undertaken as per the agreed 
contract procurement reference number 24-309-ESP.  

1.2 Manukau Harbour Environment 

To position Tokaroa Point reef within the wider ecological context of the Manukau Harbour, this 
report outlines key information on the harbour’s rocky reefs and the species likely to occur there. 
The harbour’s complex and diverse habitats, along with its rich marine flora and fauna, are 
recognised as significant at both regional and national levels (Auckland Council, 2021). At low tide, 
approximately half of the harbour’s water drains away, exposing extensive sand and mudflats. These 
areas support diverse communities of marine invertebrates and provide critical roosting and 
foraging grounds for numerous endemic and migratory shorebirds, including several species 
classified as Threatened or At-Risk (Auckland Council, 2021). 

The Manukau Harbour encompasses a range of habitats and species assemblages that vary with 
substrate type, sediment texture, catchment influences, exposure, tidal height, and currents. 
Predominantly intertidal, the harbour features productive sandflats, mudflats, and scattered rocky 
reefs along its coastal margins, intersected by deep, meandering channels. This diversity of habitats 
sustains a wide array of mobile and sessile species, contributing to the ecological richness of the area 
(Kelly, 2008). 

Monitoring of rocky reef habitats throughout the harbour has been limited, with available reports 
primarily covering the Wāitakere coastline on the northern side of the harbour (Hayward and Morley 
(2002); Kelly (2008)). The Auckland Council’s State of the Environment marine ecology programme is 
mainly concentrated on intertidal sand and mudflats habitats, and no rocky reef monitoring has 
been undertaken (Drylie, 2021).  

Notable rocky reef locations within the harbour include the sheltered rocky shore along the northern 
coastline adjacent to the Wāitakere Ranges Heritage Area (Auckland Council, 2023). The substrate in 
this area consists primarily of volcanic conglomerate (Piha Formation) between Paratutae and Little 
Huia, and around Puponga Point. Other sections feature softer volcanic grit and sandstone 
formations, including Cornwallis Grit and Waitemata Sandstone (Kelly, 2008). 
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Species assemblages on these reefs vary by tidal level. At high tide, common organisms include 
periwinkles (Nodilittorina antipoda), high-arched limpets (Notoacmea pileopsis), barnacles 
(Chamaesipho brunnea, Chamaesipho columna, Epopella plicata), and black mussels (Xenostrobus 
pulex). Tufted red seaweed (Gigartina laingii) is also present at this level (Hayward and Morley, 
2002). Mid-tide zones support acorn barnacles (Austrominius modestus) formerly, Eliminius 
modestus), oyster borers (Lepsiella albomarginata), topshells (Melagraphia aethiops), limpets 
(Cellana radians), and snakeskin chitons (Sypharochiton pelliserpentis), alongside red algae such as 
Gelidium caulacantheum and Apophlaea sinclairii. Between mid and low tide, species include shelly 
tube worms (Spirobranchus cariniferus), Pacific oysters (Crassostrea gigas), green-lipped mussels 
(Perna canaliculus), and white rock shells (Dicathais orbita) (Hayward and Morley, 2002). 

Rocky shorelines near Ambury Foreshore and Puketutu Island comprise ancient basaltic lava flows 
(habitat SA1.7; Singers et al., 2017), supporting diverse marine organisms—gastropods, bivalves, 
crustaceans, anemones, chitons—and saline vegetation such as coastal needle grass, oioi, knobby 
clubrush, and glasswort (Kelly, 2003). 

1.3 Waiuku Estuary 

The Waiuku Estuary is one of the four main branches of the Manukau Harbour running about 11 km 
from its mouth at Clarks Beach upstream to Waiuku Town Basin. The estuary is considered to have 
once been a discharge from the Waikato River, which was cut off by lava flows from the South 
Auckland volcanic field some 3 million years ago (Mills, 2014).  

Small areas of rocky intertidal habitats are present on the fringes of the Waiuku Estuary and are 
dominated by species such as mud snails (Amphibola crenata) within areas of mangroves, large 
numbers of cockles (Austrovenus stutchburyi) in the sandy mid-tide habitats, and abundant crabs 
and shrimps on the lower shoreline. Localised clumps of Pacific oysters (Crassostrea gigas) are also 
notably present along the coastline (Mills, 2014). Broader information on spatial cover of soft 
sediment benthic ecology and reef ecology habitats and species is minimal for the estuary (Mills, 
2014).  

The estuary holds important value to the local community for recreational use (fishing, boating, 
shellfish gathering) and to local iwi who have a highly valued cultural, spiritual, historical and 
environmental relationship with the estuary (Mills, 2014).  

1.4 Tokaroa Point 

Tokaroa Point was selected as the representative reef for monitoring as part of the SW REMP 
project. The location for rocky reef monitoring was provided by Watercare and approved by 
Auckland Council, to satisfy the Resource Consent conditions for the Southwest Subregional 
Wastewater Treatment Plant. The reef is located on the western side of Waiuku Estuary in the 
Manukau Harbour (Figure 1.1). Tokaroa Point is generally characterised by low lying sandstone flats, 
flat reef, and areas of silt (fine sediment) (Photograph 1.1, Photograph 1.2, Photograph 1.5, 
Photograph 1.6, Photograph 1.7).  
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Photograph 1.7: Photo looking towards the coastal margin from the low tide mark. Photo taken October 2025. 

1.4.1 Significant Ecological Areas (SEAs) 

Many Significant Ecological Areas (SEAs) are found throughout the Manukau harbour, protecting 
areas of ecological importance. Part of Tokaroa Point and to the north is protected by SEA-M2-34a1 
for the protection of intertidal flats for wading birds, saltmarsh, and bird roosts closely adjacent to 
intertidal banks of an Area of Significant Conservation Value (ASCV) as designated by the 
Department of Conservation. To the north of Tokaroa Point are areas of the ecosystem SA1.5 Shell 
barrier beaches, which are protected under SEA-M1-34b2 (Figure 1.2). This is a high tide roost used 
by a variety of coastal and wading birds, including a number of threatened species (Table 1.1).  

 

 
1 SEA-M2 is an area of regional, national or international significance which do not warrant and SEA-M1 identification as 
they are generally more robust. SEA-M2-34a is protected for “Waders congregate on the intertidal flats before moving 
onto the roost. Saltmarsh habitats join the spit with fairly extensive intertidal mangrove areas in Rangiriri Creek. The 
Department of Conservation has selected the roosts and closely adjacent intertidal banks as an Area of Significant 
Conservation Value (ASCV).  
2 SEA-M1 is an area which due to their physical forum, scale or inherent values, are considered to be the most vulnerable 
to any adverse effects of inappropriate subdivision, use and development. SEA-M1-34b is protecting a “Sand bank formed 
into a spit is a high tide roost used by a variety of coastal birds and thousands of international migratory and New Zealand 
endemic wading birds including a number of threatened species. 
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Figure 2.1 Location of transect lines at Tokaroa Point reef. 

2.2 Site monitoring 

Site monitoring began approximately three hours before low tide. Beginning at the High tide 
transect and proceeding seaward as the tide ebbed, with the Low tide transect sampled close to low 
tide. Along each transect line, six quadrats were taken on alternate sides of the transect line. 
Consistent with the Auckland Council methodology, a 1 m2 quadrat size was used to reduce the 
potential effects of small-scale patchiness that can characterise intertidal reefs.  

Quadrats were randomly placed 2 - 4 m apart, positioned alongside the transect tape, so the edge of 
the quadrat ran alongside the tape. Photos were taken of each quadrat prior to any disturbance to 
the surface from species records being taken.  

The following non-biological variables were collected at each quadrat: 

• Distance from the water’s edge3. 

• Surface water cover as a percentage. 

• Maximum depth of surface water. 

• Vertical relief. 

• Bare space percentage. 

• Sediment cover percentage, noting the type of sediment as either sand, silt or gravel. 

• Sediment cover maximum depth. 

 
3 The distance from the low tide transect to the absolute low tide was measured, and then the other distances were 
calculated using GPS coordinates and measurements from GoogleEarth measurement tools, to avoid additional 
disturbance to the intertidal area.  
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Biological variables were recorded within each quadrat. Epiflora and fauna were assessed for 
percentage cover by visually estimating the area of common algae species (greens, browns, reds), 
oysters, mussels, tube worms, epiphytes and any other species that required a percentage cover 
(rather than a numerical count). Species such as anemones, starfish, chitons, limpets, snails/whelks, 
bivalves were all counted and measured using callipers.  

In some quadrats, large numbers of anemones were observed. Due to limited time on site and tidal 
constraints, photographs were taken where appropriate. Measurements were subsequently 
completed in the office using PDF XChange Editor. 

2.3 Statistical analysis 

Multivariate analyses of community composition for both mobile and sessile species data was 
undertaken using R statistical software (version 4.4.2). Non-metric multidimensional scaling (nMDS) 
was used to visualise patterns in benthic community composition based on percent cover data for 
sessile taxa. A Bray–Curtis dissimilarity matrix was calculated from untransformed data, which is 
appropriate for ecological community datasets characterised by zero-inflated abundance values. 
Resulting ordinations were examined to identify similarities and differences in community structure 
within and between sites across baseline monitoring years. 

A multivariate PERMANOVA model was run to test for differences between sites (i.e. tidal heights). 
Similarity Percentages (SIMPER) analysis was preformed, which produces dissimilarity percentages 
to distinguish the dominant species driving variation between sites (tidal heights).  

The results from the 2025 survey were compared against the 2024 results to ascertain any 
similarities or changes between the two years. As data for each monitoring round is collected, 
statistical comparisons between sampling events will be conducted. Furthermore, once the new 
discharge is operational, pre and post discharge comparisons will also be made.  

Although the Middle 2 transect was relocated in 2025, it has been retained in the analyses to 
provide context on spatial variability across the reef. Comparisons involving this site are interpreted 
cautiously, as observed differences may reflect site-specific habitat conditions rather than temporal 
change. Temporal comparisons therefore rely primarily on sites that remained fixed between 
monitoring years. 
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3 Results 

3.1 Site descriptions 

3.1.1 High 

The high tide transects consisted of an undulating flat rocky reef covered in a small amount of silt 
with rock pools. Medium to large sized boulders were scattered along the coastal edge and through 
the high tide transect. Some mangrove pneumatophores were present. The coastal cliff was eroding 
in places and had Pohutukawa (Metrosideros excelsa) and scrub vegetation growing above the cliff, 
and some below, which appeared displaced due to erosion. Many of the boulders were covered in a 
filamentous green algae. Tidal rock pools were present along the transect line. Most of the sediment 
present within the quadrats sampled was sand and silt, with depths up to a quadrat average of 13 
mm, compared with 17 mm in 2024. There appeared to be a layer of silt present across the site.  

  

Photograph 3.1: Coastal edge and eroding cliff. Photo 
taken October 2025.  

Photograph 3.2: High transect line. Photo taken 
October, 2025.  
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Photograph 3.3: High transect line, Transect start 
marker bolt indicated by the red arrow. Photo taken 
October 2025.  

Photograph 3.4: Transect start marker bolt 
indicated by the red arrow. Photo taken October, 
2025.  

3.1.2 Middle 1 

This transect location was characterised by deep mud covered in a green filamentous algae in 2024 
(Photograph 3.5 and Photograph 3.6), however, in 2025 the site was muddy at the beginning of the 
transect line and progressed to shellhash/gravel cover towards the end of the transect line 
(Photograph 3.7 and Photograph 3.8). There were large boulders supporting a variety of mobile and 
sessile fauna and algal species within the transect area. In comparison with 2024 where all quadrats 
had 100 percent cover of silt, with the average depth ranging between 46 mm and 190 mm, four 
quadrats had between 80 percent and 100 per cent cover at the start of the transect line, decreasing 
to 35 percent at the last quadrat. One quadrat had a sediment average depth of 186 mm all other 
quadrats had an average depth of 81 mm or below. The random location of the quadrats didn’t 
capture any large boulders that were present within the Middle 1 transect area. Within the general 
location there was pools of water sitting in deeper channels that run between areas of rocky reef.  





14 

  

Tonkin & Taylor Ltd 
Southwest Receiving Environment Monitoring Programme  – Year 2 pre discharge - Tokaroa Point Reef 
Monitoring 
Watercare Services Ltd 

May 2026 
 Job No: 1019588.1000 v2 

 

cover of silt, with the average depth ranging between an average of 18 mm and 60 mm, although 
some areas that were not within the quadrats were deeper mud.  

  

Photograph 3.9: Large boulder along the transect. 
Photo taken October, 2024.  

Photograph 3.10: Crab holes in mud. Photo taken 
October, 2024.  

Following discussions with Watercare Services Ltd and then confirmed with Auckland Council, the 
decision was made to shift this site to a location to the north which was more characteristic of a 
rocky reef site. The new location is a north of the existing site, and slightly raised (Photograph 3.11 
and Photograph 3.12). The new location consisted of rock pools, boulders and low amounts of 
sediment, with half the quadrats containing no silt. Average sediment depths were up to 19 mm.  

  

Photograph 3.11: Middle 2 transect line. 
Photo taken October 2025.  

Photograph 3.12: Looking from the seaward side of the site to 
the coastal edge. Photo taken October 2025. 

Sediment plumes were also observed in the water column to the north of the middle and low reef 
sites. Aerial imagery captured during vegetation mapping surveys for the SW REMP indicates that 
these plumes originate from the adjacent catchment and are depositing sediment onto the Tokaroa 
Point reef (Photograph 3.13; Photograph 3.14; Photograph 3.15). 
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Photograph 3.13: Aerial imagery showing sediment plume from the catchment, north of Tokaroa Point. Photo 
taken November 2025. 

  

Photograph 3.14: Sediment plume north of Tokaroa 
Point. Photo taken October 2025. 

Photograph 3.15: Channel between the middle 1 and 
2 sites. Photo taken October 2025. 

3.1.4 Low 

The location of the Low transect was on visible rocky undulating reef, covered in shell hash and 
oysters. In 2024 areas of deep mud and green filamentous algae was present and this was not seen 
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to the same extent in 2025. The sediment present within the quadrats at this site was predominantly 
gravel and silt (Photograph 3.16; Photograph 3.17; Photograph 3.18; Photograph 3.19). The gravel 
was a fine scattered layer across the reef, and the silt had average depths of up to 19 mm. There is a 
channel marker buoy present close to the start of the transect line. 

  

Photograph 3.16: Rocky reef, covered in shell hash 
and oysters. Photo taken October, 2024.  

Photograph 3.17: Marker buoy close to the start of 
the transect line. Photo taken October, 2024.  

 

 

 

 

 

Photograph 3.18: Low tide transect line. Photo taken 
October 2025. 

Photograph 3.19: Looking seaward from the low tide 
transect. Photo taken October 2025. 

3.2 Statistical analysis 

All species present within each of the six quadrats, along the four transects were identified and 
either percentage cover estimated, or the size of an individual measured (consistent with the 
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Figure 3.3 Total abundance of species at each transect site at Tokaroa Point in 2025 

The four most abundant mobile species in 2025 were the snail/whelks Zeacumantus sp. and 
Cominella virgata, the anemone Anthopleura aureoradiata and the bivalve Austrovenus stutchburyi 
(cockle). In 2024 the most abundant species included two of the same species- the snail/whelk 
Zeacumantus sp. and Cominella virgata - and two different species, the anemone, Isactinia olivacea 
and the whelk Haustrum scobina.  

3.2.3 Mobile species size distribution 

The size distribution graphs (Figure 3.4, Figure 3.5, Figure 3.6 and Figure 3.7) shows differences in 
size structure of each species across the sites. The majority of Zeacumantus sp. were found in the 
smaller size classes, with most between 2 – 14 mm in 2025 which was consistent with the sizes in 
2024, between the majority of individuals between 4 – 16 mm. Most individuals were found in the 
newly relocated Middle 2 site.  

Cominella virgata displayed a broader size range, with most individuals in larger size classes in 2025 
between 18 - 26 mm, which was larger than those found in 2024, which were generally between 10-
18 mm. There is some variation in size class distributions among the sites, with higher abundance at 
the new Middle 2 site.  

Anthopleura aureoradiata was most abundant in the smaller size classes (2 – 8 mm), particularly at 
the Low site. Austrovenus stutchburyi showed a clear dominance of larger individuals (16 – 24 mm), 
especially at the Middle 2 site. These patterns suggest spatial variation in population structure, 
potentially reflecting differences in recruitment, growth, or habitat suitability among sites. 
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Figure 3.4 Size distribution classes for Zeacumantus sp. 

 

Figure 3.5 Size distribution classes for Cominella virgata. 
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Figure 3.6 Size distribution classes for Anthopleura aureoradiata. 

 

Figure 3.7 Size distribution classes for Austrovenus stutchburyi.  

3.2.4 Species community composition 

Species composition has varied across the two monitoring years, with only five sessile species 
present in both 2024 and 2025 at the same transect site, and six mobile species. These species are: 

• Sessile species: 

− Arcuatula senhousia (Low transect). 

− Xenostrobus sp. (Low transect). 

−  Austrominius modestus (High, Middle 24 and Low transects). 
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− Ulva sp. (High, Middle 24 transect). 

− Unidentified green filamentous algae (Middle 24 transect). 

• Mobile species: 

− Chiton (Sypharochiton pelliserpentis) (Low transect). 

− Cominella virgata (Low transect). 

− Haustrum scobina (Low transect). 

− Lunella smaragdus (Low transect).  

− Zeacumantus sp. (Middle 2, Low transects). 

− Bivalves (Austrovenus stutchburyi). 

3.2.4.1 Non-metric multidimensional scaling (nMDS) 

Non-metric multidimensional scaling (nMDS) analyses were undertaken to examine patterns in reef 
benthic community composition across sites during two years of baseline monitoring. Ordinations 
were based on Bray–Curtis dissimilarities calculated from percent cover data for sessile taxa. As 
Bray-Curtis can be influenced by dominant taxa, ordination patterns primarly reflect differences in 
the most abundant groups.  

Across both monitoring years, nMDS ordinations showed clear separation in benthic community 
composition between sites, with samples generally clustering by site and tidal elevation rather than 
by monitoring year (Figure 3.8 to Figure 3.11). This indicates a strong spatial structuring of reef 
communities, consistent with local habitat gradients, and suggests that site-specific assemblages 
were already well established prior to the commencement of any wastewater discharge activities. 

For the first year of monitoring, benthic assemblages exhibited distinct grouping among sites, with 
limited overlap between clusters, indicating differences in the relative dominance of key sessile taxa. 
Ellipse groupings showed moderate within-site variability, reflecting natural small-scale 
heterogeneity in reef cover, while maintaining clear separation from other sites. 

Results from the second year of monitoring showed a similar spatial pattern, with site-level 
clustering broadly consistent with that observed in the first year. Although some variation in the 
dispersion of samples was evident between years, there was no systematic shift in ordination space 
indicating a directional or temporal change in reef community composition. Overall, the 
configuration of sites in ordination space remained comparable between years. 

Stress values for the nMDS ordinations were very low, indicating that the two-dimensional solutions 
provided an excellent representation of the underlying multivariate relationships in the dataset. This 
reflects the relatively simple community structure and strong zonation patterns characteristic of the 
monitored reef environment. 

Taken together, these results indicate that reef benthic communities were spatially stable over the 
two-year baseline period, with differences in community composition primarily attributable to 
site-specific factors rather than interannual change. These ordinations therefore provide a robust 
baseline against which any future changes associated with wastewater discharge operations can be 
assessed. 

  

 
4 Noting that this transect was moved in 2025 so comparisons with 2024 are not directly the same location 
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Figure 3.8 Non-metric multidimensional scaling (nMDS) plot of benthic communities, of sessile species during 
the first round of reef monitoring (October 2024). 

 

Figure 3.9 Non-metric multidimensional scaling (nMDS) plot of benthic communities of mobile species during 
the first round of reef monitoring (October 2024). 
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Figure 3.10 Non-metric multidimensional scaling (nMDS) plot of benthic communities of sessile species during 
the second round of reef monitoring (October 2025). 

 

Figure 3.11 Non-metric multidimensional scaling (nMDS) plot of benthic communities of mobile species during 
the second round of reef monitoring (October 2025). 





28 

  

Tonkin & Taylor Ltd 
Southwest Receiving Environment Monitoring Programme  – Year 2 pre discharge - Tokaroa Point Reef 
Monitoring 
Watercare Services Ltd 

May 2026 
 Job No: 1019588.1000 v2 

 

The SIMPER analysis shows that a small number of taxa are primarily responsible for differences in 
community composition between sites, with Cominella virgata, Anthopleura aureoradiata, and 
Zeacumantus sp. being the most influential across Tokaroa Point reef.  

In 2024 the SIMPER analysis indicates that differences in mobile species composition between 
transect sites were primarily driven by a few key taxa. Isactinia olivacea was the most influential 
species, contributing strongly to dissimilarities across nearly all site comparisons, particularly 
between Middle 2 and Low (82%) and Middle 1 and Middle 2 (81%). Cominella virgata also played a 
significant role, especially in comparisons involving Low and Middle 1 sites (up to 68%), while 
Haustrum scobina contributed notably between High and Middle 1 (52%) and Middle 1 and Low 
(39%). Overall, these results highlight that spatial variation in community structure is largely driven 
by shifts in the abundance of these dominant species across the intertidal gradient. 

Compared to 2024, the 2025 SIMPER results show a shift in the dominant species driving 
dissimilarities between transect sites. In 2024, mobile species differences were largely influenced by 
Isactinia olivacea, with additional contributions from Cominella virgata and Haustrum scobina. By 
contrast, in 2025, mobile species variation was more evenly distributed among Anthopleura 
aureoradiata, Cominella glandiformis, Cominella virgata, and Zeacumantus sp., indicating a broader 
range of influential taxa. This could be as a result of discontinuity across the transect line and where 
the quadrat lands, rather than differences between years. Across the reef there are areas where 
organisms are clustering together, rather than uniformly spread across the reef, something which is 
typical of marine organisms in this type of environment.  

For sessile species, 2024 results emphasized green filamentous algae, whereas 2025 was dominated 
by Austrominius modestus, with Xenostrobus sp. and coralline turf also contributing significantly. 
These changes suggest temporal shifts in community structure, with barnacles and red algae 
becoming more prominent in 2025. 
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transect sites show presence of silt across all quadrats (Figure 3.14; Figure 3.15), with the Low site 
having some quadrats almost entirely covered by silt. Middle 2 had the lowest proportions of silt and 
as outlined in Section 3.2.1 it also had a higher cover of epifauna than the other sites, although the 
Low site also had moderate cover of epifauna across some quadrats (Figure 3.14). Sites High and 
Middle 1 had minimal epifauna cover.  

 

Figure 3.12 Percent cover type across each quadrat at the High transect line in 2025. 

 

Figure 3.13. Percent cover type across each quadrat at the Middle 1 transect line in 2025. 
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Figure 3.14. Percent cover type across each quadrat at the Middle 2 transect line in 2025. 

 

Figure 3.15. Percent cover type across each quadrat at the Low transect line in 2025. 

The average silt depth for each quadrat across the reef was between 0 and 190 mm for both 2024 

and 2025. The deepest sediment was recorded at the Middle 1 transect, with a depth of 190 mm in 

2024 and 186 mm in 2025, with the deepest mud at the beginning of the transect line in both years, 

and a progressively shallower depth of silt out towards the edge of the reef. Results for the Low 

transect showed a consistently higher amount of silt across all quadrats in 2025 compared with 
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2024. Data for Middle 2 transect in 2024 was not included because the site was moved in 2025. 2025 

data had an average silt depth per quadrat between 5 and 19 (Figure 3.16).  

 

Figure 3.16 Silt depth for each quadrat across the High, Middle 1 and Low transect sites for 2024 and 2025.  
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4 Discussion 

This report presents data for the second annual pre-discharge monitoring survey of the rocky reef 
site at Tokaroa Point carried out in October 2024 and 2025. Following Auckland Council rocky reef 
sampling methodology, four transect lines were established, and six quadrats placed randomly along 
the transect lines on alternating sides at approximately 2 – 3 m intervals. The transects were placed 
as follows: one at high tide, two at mid tide and one at low tide along Tokaroa Point reef. Monitoring 
within the quadrats included identifying, measuring and estimating percent cover for all marine 
species encountered. Overall, the two baseline sampling years showed both similarities and 
differences which are discussed further in sections 4.1 and 4.2 below. 

Sediment monitoring indicated that silt is a persistent feature of the Tokaroa Point reef, with a 
significant increase in silt cover and depth recorded at the Low intertidal transect in 2025. As 
observed in 2024, sediment remained widespread across the reef in 2025, reflecting the 
sediment-influenced nature of the receiving environment. Aerial imagery collected during the 2025 
SW REMP vegetation mapping surveys identified sediment plumes originating from the adjacent 
Awhitu catchment to the north of Tokaroa Point, where land use is predominantly zoned as mixed 
rural and rural coastal (Photograph 3.13; Photograph 3.14; Photograph 3.15 above and Photograph 
4.1 below). These plumes appear to be transported via local hydrodynamic processes through a tidal 
channel north of the reef, with one channel arm directing sediment deposition directly onto the reef 
platform and another arm discharging into the main Waiuku channel, which also indirectly affects 
the reef. Collectively, these findings indicate that sediment dynamics are a key ecological driver 
influencing reef community structure at Tokaroa Point and are likely to contribute to the underlying 
spatial and temporal variability observed in benthic assemblages during baseline monitoring. 

The 2024 and 2025 baseline surveys provide pre-wastewater treatment plant discharge observations 
of the ecological state of the Tokaroa Point reef.  

 

Photograph 4.1: Tokaroa reef and associated sediment plume (Photo taken May 2025). The channel arm 
closest to the land discharges directly onto Tokoroa Point reef whilst another arm discharges into the main 
Waiuku channel which also indirectly affects the reef. 
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4.1 Mobile and sessile species distribution and abundance 

The 2025 monitoring survey recorded a total of 19 species (seven sessile and 12 mobile), 
representing a reduction from 24 species (11 sessile and 13 mobile) recorded in 2024. This decline 
was driven primarily by reduced sessile species richness, particularly at the High and Low tidal height 
transects, while mobile species richness showed a slight overall increase. The Low transect 
continued to support the highest diversity of mobile species, reinforcing its importance as a 
biologically diverse zone within the intertidal gradient. 

Changes in species richness between years were site-specific and differed between mobile and 
sessile assemblages. Mobile species richness remained stable at the High transect, declined slightly 
at the Low transect, and increased modestly at the Middle 1 and Middle 2 transects. The increase in 
mobile species at the Middle transects, particularly at Middle 1 where no mobile species were 
recorded in 2024, may reflect locally reduced sediment cover in 2025, and because of the Middle 2 
site shift to a rockier location, increasing the availability of hard substrate and microhabitats suitable 
for mobile taxa. 

In contrast, sessile species richness declined markedly at the Low transect (from 10 to four species) 
and more moderately at the High transect (from six to four species), while small increases were 
recorded at both Middle transects. These patterns suggest that sessile assemblages are more 
sensitive to changes in local habitat conditions, particularly sediment cover and depth, and may also 
reflect interannual variability in recruitment. 

Community composition also shifted between years. In 2024, green filamentous algae dominated 
the muddy Middle 1 and Middle 2 transects, whereas in 2025 these algae were largely absent. The 
relocation of the Middle 2 transect to a rockier habitat in 2025 resulted in a shift from an 
algae-dominated assemblage to one characterised by bivalves and gastropods, consistent with a 
more reef-like environment. Across the reef, the barnacle Austrominius modestus became the most 
widespread sessile species in 2025, reflecting its tolerance of a wide range of intertidal conditions 
and its role as a key structuring species within sheltered harbour reefs (Hawkins, 2010). 

Among mobile species, Zeacumantus sp. was the most abundant taxon in 2025, particularly at the 
Middle 2 transect, with size distributions consistent with those observed in 2024. These species play 
an essential role in intertidal communities, contributing to nutrient cycling and energy flow (Kamiya 
and Poulin, 2012). In 2024, the olive anemone (Isactinia olivacea) was highly abundant at the muddy 
Middle 2 site, reflecting its tolerance of sediment-influenced habitats. The shift in dominance from 
anemones in 2024 to gastropods and bivalves in 2025 likely reflects changes in local habitat 
conditions rather than a directional ecological trend. 

Overall, the observed year-to-year changes in species richness, abundance, and dominance highlight 
the dynamic and patchy nature of intertidal reef communities at Tokaroa Point. Some of this 
variability is likely driven by natural fluctuations in sediment dynamics, habitat structure, and 
recruitment, while some may reflect small-scale spatial heterogeneity captured through random 
quadrat placement. These factors reinforce the need to consider natural variability when 
interpreting baseline patterns and support the recommendation for fixed quadrat locations in future 
monitoring to better resolve temporal trends. 

4.2 Community composition 

Marked shifts in community composition were observed between years. Sessile assemblages 
transitioned from being dominated by green filamentous algae in 2024 to bivalves and turfing algae 
in 2025. This shift represents a more reef-associated community structure and could be attributed to 
fluctuations in sediment and/or nutrients across the reef, alternating between sediment and rocky 
reef driven habitats and community structures. Mobile species assemblages also changed with a 
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shift to gastropod and bivalve species replacing anemones as the most abundant groups in 2025. 
Size structure analysis indicated spatial variation in population structures, which likely reflects 
differences in recruitment, growth and habitat suitability across tidal heights.  

Non-metric multidimensional scaling (nMDS) was used to visualize benthic community patterns at 
Tokaroa Point reef across the two monitoring rounds (October 2024 and 2025). In 2024, sessile 
species showed similarities among sites, particularly between Middle transects, while mobile species 
displayed distinctness at Middle 1 compared to High, Middle 2, and Low sites.  

The combined results of the two years of baseline reef monitoring indicate that benthic reef 
communities within the study area are spatially structured and broadly temporally stable so far. 
Multivariate analyses showed some site-specific patterns in community composition across 
monitoring years and some variation across locations, however, there was no obvious progressive 
degradation of the reef during the baseline period. Observed differences in assemblage structure are 
considered primarily attributable to natural spatial variability associated with site location and tidal 
elevation, and associated sediment pressure, rather than interannual variation.  

PERMANOVA confirmed differences in community composition by transect and tidal height for both 
years. For sessile species, pseudo-F values were 6.26 (2024) and 6.16 (2025), and for mobile species, 
6.15 (2024) and 4.96 (2025), all with p = 0.001, this statistical analysis supports spatial and tidal 
structuring of species on Tokaroa reef. The differences among tidal heights are consistent with rocky 
reef zonation, which is influenced by desiccation, immersion and wave exposure while the transect 
effects reflect the microhabitat heterogeneity. The residual variation implies patchiness within the 
tidal heights.  

Compared to 2024, the 2025 SIMPER results show a shift in the dominant species driving 
dissimilarities between transect sites. In 2024, mobile species differences were largely influenced by 
Isactinia olivacea, with additional contributions from Cominella virgata and Haustrum scobina. In 
contrast, in 2025, mobile species variation was more evenly distributed among Anthopleura 
aureoradiata, Cominella glandiformis, Cominella virgata, and Zeacumantus sp., indicating a broader 
range of influential taxa. For sessile species, 2024 results emphasized green filamentous algae, 
whereas 2025 was dominated by Austrominius modestus, with Xenostrobus sp. and coralline turf 
also contributing significantly.  
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5 Conclusions and recommendations 

Two years of pre-discharge monitoring have provided useful information on the current state of 
Tokaroa Point Reef and its intertidal reef communities within the receiving environment of the 
Southwest Subregional Wastewater Treatment Plant discharge. Across both monitoring years, 
benthic community composition was consistently structured by tidal height and transect location, 
reflecting expected patterns of rocky reef zonation within a sediment-influenced harbour 
environment. Multivariate analyses (nMDS and PERMANOVA) confirmed statistically significant 
spatial differences among transects for both sessile and mobile species assemblages, indicating that 
the chosen transect locations appropriately capture the range of habitat conditions present across 
the intertidal gradient at Tokaroa Point. 

Temporal comparisons between 2024 and 2025 indicate that reef communities exhibited notable 
interannual variability in species richness, abundance, and dominant taxa, particularly for sessile 
assemblages. Changes observed between years included the absence of green filamentous algae at 
the Middle transects in 2025, shifts in dominance towards barnacles, bivalves and turfing algae, and 
changes in mobile species assemblages from anemone-dominated to gastropod- and 
bivalve-dominated communities. At the High tidal transect, differences between years included 
reduced sessile species richness and increased dominance of barnacles in 2025, while mobile species 
richness remained relatively consistent. These temporal differences appear to reflect a combination 
of natural variability, sediment dynamics, and habitat patchiness rather than evidence of any clear 
directional trend or ecological degradation prior to commencement of wastewater discharges. 

Interpretation of temporal variability is influenced by the patchy distribution of organisms across the 
reef platform and the random placement of quadrats along transect lines. As such, some of the 
observed year-to-year differences are likely attributable to small-scale spatial heterogeneity and 
microhabitat differences captured by quadrat placement, rather than true interannual change in 
community condition. This is further supported by high within-site variability identified in the 
statistical analyses. 

The relocation of the Middle 2 transect in 2025 resulted in a site that is more representative of rocky 
reef habitat, with lower sediment cover and higher mobile species diversity. Accordingly, 2025 data 
for the Middle 2 transect should be utilised to establish a revised baseline for that site, with 2024 
data retained for contextual purposes only. 

Overall, information and data collected for Tokaroa Point Reef from monitoring over two years in 
2024 and 2025, has shown some variability both across the reef and between years. This provides a 
starting point for future monitoring to compare against, and data to inform proposed refinement of 
the monitoring programme for future years to better account for spatial and temporal variability.  

5.1 Recommendations for future monitoring 

To strengthen the ability of the monitoring programme to detect post-discharge ecological change, 
the following recommendations are made: 

• Adopt fixed quadrat locations along each transect for all future monitoring years. Fixed 
quadrats will reduce the influence of small-scale patchiness and improve confidence that 
observed changes reflect temporal trends rather than artefacts of quadrat placement. 

• Pool the 2024 and 2025 pre-discharge datasets (excluding the relocated Middle 2 transect) to 
establish a more robust baseline envelope of natural variability against which post-discharge 
data can be assessed. 

• Use 2025 data only to define the baseline for the Middle 2 transect, given its relocation to a 
more representative rocky reef habitat. 2024 data can still be used for broader context. 
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• Maintain the existing transect layout across tidal heights, as results indicate that transect 
placement is appropriate for capturing spatial variation across the reef and for distinguishing 
intertidal habitat-driven community differences. 

• Interpret future changes primarily on a temporal basis within each transect and based on all 
four transects combined (rather than comparing between tidal heights), recognising that the 
key objective of the monitoring programme is to detect change over time associated with 
wastewater discharge operations. 

• Continue to record sediment cover and depth as key contextual variables, as sedimentation 
is likely to be a major ecological driver influencing reef community structure at Tokaroa Point 
and will assist in distinguishing WWTP discharge-related effects from broader 
catchment-derived influences. 

  



38 

  

Tonkin & Taylor Ltd 
Southwest Receiving Environment Monitoring Programme  – Year 2 pre discharge - Tokaroa Point Reef 
Monitoring 
Watercare Services Ltd 

May 2026 
 Job No: 1019588.1000 v2 

 

6 Applicability 

This report has been prepared for the exclusive use of our client Watercare Services Ltd, with 
respect to the particular brief given to us and it may not be relied upon in other contexts or for any 
other purpose, or by any person other than our client, without our prior written agreement. 

We understand and agree that our client will submit this report as part of an application for resource 
consent and that Auckland Council as the consenting authority will use this report for the purpose of 
assessing that application. 

 

Tonkin & Taylor Ltd 
Environmental and Engineering Consultants 

Report prepared by: Authorised for Tonkin & Taylor Ltd by: 

 

 

.......................................................... ...........................….......…............... 

Melanie Tupe Rob Van de Munckhof 
Marine Ecologist Project Director 

 

This document has been Technically Reviewed by Marcus Cameron, Technical Director – Marine 
Ecology and Water Science 

METU 
\\ttgroup.local\corporate\auckland\projects\1019588\1019588.1000\issueddocuments\1019588.1.2.2-rpt-ec-sw remp reef monitoring 
report 2025 - final.docx 
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Appendix A Summarised Auckland Council rocky 
reef monitoring protocols relevant to 
SW REMP sampling 

Auckland Council Intertidal Rocky Reef Monitoring Methods – summarised for applicability to the 
SW REMP sampling.  

Transect and quadrat placement 

The reef platform is stratified into three zones, determined according to the tidal height on the 
shore (high, mid and low). One 20 m transect tape is run parallel to the shore through the centre of 
each zone and each transect permanently marked at both ends with a galvanized steel hex bolt 
embedded in the reef with epoxy. To better facilitate finding the sites again for resurvey, GPS 
coordinates are recorded for every bolt/transect start and end position and photographs taken with 
landscape features captured in the background. Photos of the entire transect and each individual 
quadrat sampled are taken at every site to provide a permanent visual record.  

A 0.25 m2 quadrat is used and quadrats are sampled on each side of the tape (shoreward and 
seaward) so that the edge of the quadrat runs along the tape. The 0.25 m2 was considered adequate 
for all zones, however a backup 1 m2 quadrate should be used to reduce the potential effects of 
small-scale patchiness on some intertidal reefs. 0.25 m2 are adequate when there is greater 
homogeneity and low species diversity. If the location of a quadrat happens to encompass a 
rockpool, a new random location is selected because the species assemblages within rockpools differ 
from the surrounding reef.  

Biological variables 

Each 0.25 m2 quadrat is divided into twenty-five 10 x 10 cm squares. The squares are used to visually 
estimate percentage cover of sessile and permanently attached organisms (such as algae, sponges, 
barnacles, mussels, oysters and ascidians). Counts of mobile invertebrates (mainly gastropods) are 
made for the whole quadrat. Without overturning rocks or removing sessile species, all visible 
mobile species > 5 mm are counted in the quadrat - except for small crustaceans, such as amphipods 
and isopods. Rock oysters are not identified to the species level due to difficulties separating the 
native oyster Saccostrea glomerata from the Pacific oyster Crassostrea gigas in the field.  

Non-biological variables 

Vertical relief is estimated for each quadrat by measuring the distance from the plane of the quadrat 
as it lies on the reef to the lowest point below the quadrat. The slope of the plot, or the vertical 
distance between the highest and lowest point in the quadrat, is measured by lifting the lowest edge 
of the quadrat to that it is approximately horizontal and then the distance between the quadrat and 
the reef at the point farthest from the reef is measured. Percentage cover of bare rock, silt (fine 
sediment), mud, sand, shell hash and gravel are estimated in the same manner as sessile organisms. 
The depth of silt, sand and mud is estimated by taking the average of three depth measurements 
made throughout the quadrat. Percentage surface water is estimated in the same manner as for 
sessile organisms and the maximum water depth found in the quadrat is also measured. 



  

 

Appendix B Raw data 

• Raw data can be found in the supplemental spreadsheet.  

 



  

 

Table Appendix B.1: Physical variables for Tokaroa Point reef transect locations.  

 

 

Lat Long Lat Long Sand Fine silt Gravel/shell hash Sand Fine silt Gravel

Tokaroa Point High 37.143756 174.680441 37.143689 174.680253 20/10/2025 METU SHLA, TYEA 1 0 1 452.4 15 7.4 43.8 65 0 30 0 0 5.67 0

Tokaroa Point High 37.143756 174.680441 37.143689 174.680253 20/10/2025 METU SHLA, TYEA 2 3.5 1 452.4 20 4 17.1 70 0 70 0 0 8 0

Tokaroa Point High 37.143756 174.680441 37.143689 174.680253 20/10/2025 METU SHLA, TYEA 3 6.5 1 452.4 2 0.3 12.4 90 0 40 0 0 9 0

Tokaroa Point High 37.143756 174.680441 37.143689 174.680253 20/10/2025 METU SHLA, TYEA 4 9.5 1 452.4 5 0.26 9.3 85 0 30 0 0 13 0

Tokaroa Point High 37.143756 174.680441 37.143689 174.680253 20/10/2025 METU SHLA, TYEA 5 12.5 1 452.4 10 1.6 9 85 0 30 0 0 5 0

Tokaroa Point High 37.143756 174.680441 37.143689 174.680253 20/10/2025 METU SHLA, TYEA 6 16 1 452.4 50 3.4 12 45 0 50 0 0 7 0

Tokaroa Point Mid-1 37.141779 174.680838 37.141779 174.680838 20/10/2025 METU SHLA, TYEA 1 0 1 225.4 0 0 29 80 0 80 Under fine silt 0 186 0

Tokaroa Point Mid-1 37.141779 174.680838 37.141779 174.680838 20/10/2025 METU SHLA, TYEA 2 3.5 1 225.4 0 0 12 95 0 100 0 0 81 0

Tokaroa Point Mid-1 37.141779 174.680838 37.141779 174.680838 20/10/2025 METU SHLA, TYEA 3 6.5 1 225.4 10 3 11 85 0 95 shell hash present 0 32 0

Tokaroa Point Mid-1 37.141779 174.680838 37.141779 174.680838 20/10/2025 METU SHLA, TYEA 4 9.5 1 225.4 0 0 13 95 0 95 shell hash present 0 40 0

Tokaroa Point Mid-1 37.141779 174.680838 37.141779 174.680838 20/10/2025 METU SHLA, TYEA 5 12.5 1 225.4 40 2.7 7 95 0 50 50 0 15 0

Tokaroa Point Mid-1 37.141779 174.680838 37.141779 174.680838 20/10/2025 METU SHLA, TYEA 6 16 1 225.4 75 2.1 90 10 0 35 65 0 26 0

Tokaroa Point Mid-2 37.140455 174.681148 37.141264 174.681667 20/10/2025 METU SHLA, TYEA 1 0 1 90.71 5 1.5 0 50 0 30 15 0 5 0

Tokaroa Point Mid-2 37.140455 174.681148 37.141264 174.681667 20/10/2025 METU SHLA, TYEA 2 4 1 90.71 23 5.5 34 40 0 60 20 - shell hash as well 0 19 0

Tokaroa Point Mid-2 37.140455 174.681148 37.141264 174.681667 20/10/2025 METU SHLA, TYEA 3 8 1 90.71 1 1.9 17.5 25 0 0 0 0 0 0

Tokaroa Point Mid-2 37.140455 174.681148 37.141264 174.681667 20/10/2025 METU SHLA, TYEA 4 11.5 1 90.71 0 0 7 75 0 0 0 0 0 0

Tokaroa Point Mid-2 37.140455 174.681148 37.141264 174.681667 20/10/2025 METU SHLA, TYEA 5 15.5 1 90.71 1 4.6 20 10 0 5 0 0 10 0

Tokaroa Point Mid-2 37.140455 174.681148 37.141264 174.681667 20/10/2025 METU SHLA, TYEA 6 19.5 1 90.71 0 0 0 15 0 60 20-shell hash as well 0 6 0

Tokaroa Point Low 37.139922 174.681954 37.139836 174.681739 20/10/2025 METU SHLA, TYEA 1 0 1 11.4 3 1.7 24 80 0 75 0 0 7 0

Tokaroa Point Low 37.139922 174.681954 37.139836 174.681739 20/10/2025 METU SHLA, TYEA 2 3 1 11.4 0 0 25 40 0 75 15 0 13 0

Tokaroa Point Low 37.139922 174.681954 37.139836 174.681739 20/10/2025 METU SHLA, TYEA 3 6 1 11.4 0 0 15 40 0 80 10 0 14 0

Tokaroa Point Low 37.139922 174.681954 37.139836 174.681739 20/10/2025 METU SHLA, TYEA 4 11 1 11.4 4 3 9 40 0 35 0 0 8 0

Tokaroa Point Low 37.139922 174.681954 37.139836 174.681739 20/10/2025 METU SHLA, TYEA 5 15 1 11.4 4 1 9 15 0 30 8 0 14 0

Tokaroa Point Low 37.139922 174.681954 37.139836 174.681739 20/10/2025 METU SHLA, TYEA 6 18 1 11.4 0 0 16 70 0 65 8 0 19 0
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Appendix C Quadrat photos 

C1 Tokaroa Point Reef - High transect quadrat photos. 

  

Photograph Appendix C.1: Quadrat 1. Photograph Appendix C.2: Quadrat 2 

  

Photograph Appendix C.3: Quadrat 3  Photograph Appendix C.4:Quadrat 4  

  

Photograph Appendix C.5: Quadrat 5  Photograph Appendix C.6:Quadrat 6  



  

 

C2 Tokaroa Point Reef - Middle 1 transect quadrat photos. 

  

Photograph Appendix C.7: Quadrat 1  Photograph Appendix C.8: Quadrat 2  

 
 

Photograph Appendix C.9: Quadrat 3  Photograph Appendix C.10: Quadrat 4  

  

Photograph Appendix C.11: Quadrat 5  Photograph Appendix C.12: Quadrat 6  



  

 

C3 Tokaroa Point Reef - Middle 2 transect quadrat photos 

  

Photograph Appendix C.13: Quadrat 1  Photograph Appendix C.14: Quadrat 2  

  

Photograph Appendix C.15: Quadrat 3  Photograph Appendix C.16: Quadrat 4  

  

Photograph Appendix C.17: Quadrat 5  Photograph Appendix C.18: Quadrat 6  



  

 

C4 Tokaroa Point Reef - Low transect quadrat photos 

  

Photograph Appendix C.19: Quadrat 1  Photograph Appendix C.20: Quadrat 2  

  

Photograph Appendix C.21: Quadrat 3  Photograph Appendix C.22: Quadrat 4  

  

Photograph Appendix C.23: Quadrat 5  Photograph Appendix C.24: Quadrat 6  
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Glossary of terms 

 

Area of interest: the area for aerial survey as identified by Townsend et al (2016) in the SW REMP 

CD: Chart datum 

GCP: Ground control point 

Focused survey area: reduced aerial survey area as agreed with Auckland Council 

GSD: Ground sampling distance 

MHWS: Mean high water spring 

MSL: Mean sea level 

MSL: Mean sea level zero 

Orthomosaic: A detailed map which stiches numerous overlapping photographs that have been 
corrected for topographical relief, lens distortion and camera tilt.  

RGB:  Red, green, blue 

SW REMP:  Southwest Receiving Environment Monitoring Programme 

UAV: Unmanned Automated Vehicle 

WWTP: Wastewater treatment plant
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Executive summary 

Intertidal vegetation monitoring was undertaken between December 2024 and April 2026 in 
accordance with the Southwest Receiving Environment Monitoring Programme (SW REMP) required 
by Resource Consent conditions. The monitoring incorporated seasonal aerial imagery acquisition, 
image classification, and ground-truthing surveys to establish a baseline against which future 
ecological changes can be assessed following commencement of the new Clarks Beach Wastewater 
Treatment Plant (WWTP) outfall, scheduled to become operational in May 2026.   

Several methodological refinements were implemented during the programme with the agreement 
of Watercare Services Ltd (Watercare) and Auckland Council, including adjustments to aerial survey 
optimum flying conditions, refinement of the survey area to improve image resolution, and 
modifications to flight specifications to improve orthomosaic generation and marine vegetation 
detection. These changes were made to optimise data quality while maintaining alignment with the 
intent of the approved SW REMP methodology.  

A total of eight seasonal aerial surveys were originally anticipated over the two-year baseline period 
(July 2024 – June 2026). Of these, two surveys (Winter and Spring 2024) were not flown because 
suitable combinations of low tide, daylight hours and weather conditions could not be achieved. 
Aerial imagery collected in one round could not be used for habitat classification because 
orthomosaic quality was compromised by insufficient image overlap and lighting conditions. 
Consequently, five surveys (December 2024, May 2025, July 2025, March 2026 and April 2026) were 
available for vegetation classification and quantitative habitat assessment.  

Aerial imagery collection successfully captured images that were used to create an orthomosaic and 
map seagrass throughout the focus survey area. Aerial imagery was not suitable for mapping the 
extent and presence of nuisance macroalgae Ulva spp. and Gracilaria spp., which was instead 
achieved using imagery collected in ground truthing surveys using an UAV.  

The monitoring demonstrated that the southern Manukau Harbour baseline is characterised by an 
extensive and well-established seagrass meadow centred on Clarks Beach, relatively stable 
mangrove habitat, and variable but generally low levels of nuisance macroalgae. To ensure habitat 
coverage could be compared consistently between years, all vegetation analyses were undertaken 
within a focused survey area representing the area common to all processed surveys. This approach 
removed anomalies associated with differences in aerial survey coverage and enabled direct 
comparison of habitat extent through time.  

Within the focused survey area, mangrove extent remained consistent throughout the monitoring 
period, varying between 204 and 229 ha (11–12% cover) over the 2-year monitoring period. Seagrass 
extent displayed greater temporal variability, ranging from 153 to 303 ha (8–16% cover) with the 
majority of this found within the seagrass bed at Clarks beach. The highest extent coverage was 
recorded in May 2025 and lowest extent coverage observed during March 2026. While this variation 
may reflect seasonal and interannual influences, no consistent trend of increasing or decreasing 
seagrass extent was evident over the baseline monitoring period.  

Aerial imagery and classification processing did not identify extensive blooms of Ulva spp. or 
Gracilaria spp. Ground-truthing surveys, however, confirmed the presence of both species at several 
locations throughout the monitoring area. These occurrences were generally limited to small 
patches or individual plants below the detection threshold of the aerial imagery and were 
occasionally seen interspersed within seagrass beds, such as at Clarks beach. Ulva spp. were 
identified during each ground truthing survey at Glenbrook beach and showed some seasonal 
variation, with the highest extent coverage in July 2025 (57.6 ha), and the smallest in March 2026 
(0.7 ha).  
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The results indicate that, prior to commencement of the new WWTP discharge, intertidal vegetation 
communities within the survey area were dominated by stable mangrove habitat and an extensive 
seagrass bed, with nuisance macroalgae occurring at low abundance and of limited spatial extent.  

Future intertidal vegetation surveys should be assessed against this baseline and interpreted 
alongside information from other SW REMP monitoring components, including water quality, 
sediment quality and nutrient monitoring. Consistent with the SW REMP requirements, future 
changes in seagrass, and nuisance macroalgal extent will be evaluated in relation to the catchment 
nutrient budget and the relative contribution of nutrients from the WWTP discharge. This multiple-
lines-of-evidence approach will support interpretation of observed ecological changes and help 
distinguish natural variability from potential wastewater-related effects over time. 

This report identifies a number of potential opportunities to refine the vegetation mapping process 
in the future, including: 

• Continue the aerial imagery collection as it was effective for mapping seagrass distribution, 
however it was unable to detect and classify Ulva spp. and Graciliara spp. due to 
methodological limitation. 

• More frequent UAV surveys, combined with field verification, could be more effective for 
identifying presence and extent or nuisance macroalgae. 

• A reduced aerial imagery programme may be sufficient for tracking broad-scale changes in 
seagrass extent. 

• Collection of more regular imagery to increase the chance of blooms being identified 
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1 Introduction 

1.1 Background and purpose 

Watercare Services Limited (Watercare) holds Resource Consents (CST60082600 and CST60082302) 
for the Southwest Subregional Wastewater Treatment Plant which mandates the development and 
implementation of a Southwest Receiving Environment Monitoring Programme (SW REMP) 
(Condition 27).  

Under Condition 27 Watercare is required to implement a Receiving Environment Monitoring 
Programme (REMP). The REMP is designed to detect and evaluate long-term trends in water quality, 
sediment quality, shellfish health, marine vegetation and marine benthic ecology within the 
southern Manukau Harbour, specifically in relation to the discharge of treated wastewater from the 
newly consented Clarks Beach outfall. It outlines the monitoring protocols and management actions 
necessary to meet the consent conditions for the discharge into the Waiuku Estuary, with operations 
expected to commence in May 2026. 

In accordance with the Resource Consent conditions, environmental monitoring protocols were 
established by Watercare Services Limited and approved by Auckland Council. Tonkin & Taylor Ltd 
(T+T) was engaged to complete two components of this monitoring programme which relate to 
Condition 27 (b)(v) reef monitoring (reported separately in the Southwest Receiving Environment 
Monitoring Programme – Reef Monitoring report 2026) and Condition 27 (b)(xii) monitoring of 
spatial and temporal extent of algal blooms (this report).  

“Vegetation mapping, utilising aerial imagery, will focus primarily on identifying nuisance 
red algae (Gracilaria spp.), nuisance sea lettuce (Ulva lactuca), and seagrass (Zostera 
muelleri) using manual or automated techniques in ARC-GIS. Changes in time, such as 
increases in Gracilaria spp. coverage and decreases in seagrass, will be assessed in relation 
to the nutrient budget of the catchment and the potential increasing contribution from the 
WWTP“ 

The area of interest identified in the SW REMP has been derived from a previous report completed 
by Townsend et al. (2016) (Figure 1.1) was put forward as the area of focus for the monitoring 
programme. The area covers a large expanse of approximately 150 km2 stretching from Waiuku 
township in the south to Big Bay in the north and from Clarks Beach in the west to Kingseat in the 
east. The area of interest encompasses estuaries, sandy intertidal flats, and shallow subtidal flats 
(Townsend et al., 2016). 

The monitoring methodology within the SW REMP includes collection of aerial imagery using a fixed 
wing plane, and ground truthing utilising an UAV and boat to confirm the presence of marine 
vegetation. Mapped vegetation is then verified using automated and manual techniques in Arc GIS 
to identify and report changes in marine vegetation coverage over the course of the 2-year 
monitoring period.   

This report presents these results to create a baseline from which to determine if any discernible 
effects to marine vegetation coverage occurs following the commencement of discharges from the 
new Southwest Subregional Wastewater Treatment Plant outfall in May 2026.  

The works have been undertaken as per contract 24-309-ESP between Watercare and T+T dated 22 
July 2024. 
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1.2 Manukau Harbour vegetation 

The SW REMP identifies key species in determining potential effects associated with the area of 
interest as the area that could have potential effect from the discharge. These species, seagrass 
(Zostera muelleri) and the nuisance red algae Gracilaria spp. and the green algae Ulva spp. 
(Greenfield et al., 2016) are commonly found in the Manukau Harbour and blooms can occur largely 
in response to human-induced environmental changes (eutrophication in particular), although they 
can also be linked to natural seasonal variation (Greenfield, et al., 2016).  

The section below describes each of the three species of focus for the SW REMP consent monitoring, 
noting that mangroves are also present throughout the harbour and were included in vegetation 
mapping to provide additional context, but are not described in detail here.  

1.2.1 Gracilaria spp.  

Three species of the genus Gracilaria are found within the Manukau Harbour. Gracilaria chilensis is 
considered native to New Zealand (Guillemin et al., 2014) and is a key component of macroalgal 
blooms in the harbour. Two other red algae which are morphologically similar to G. chilensis have 
been identified.  

The source of one of these species is yet to be identified and a species name assigned, however, a 
Gracilaria sp. was found in samples through restriction enzyme digest patterns of PCR amplification 
products of the nuclear ribosomal cistron (Candia et al., 1999). Gracilaria sp. is considered to be an 
introduced species to New Zealand based on its limited distribution, solely in the Manukau Harbour, 
Orakei Basin in the Waitematā harbour and the Kaipara harbour (Nelson, et al. 2015). Reproduction 
of all Gracilaria spp. is thought to occur via spores and algal fragments (Nelson, et al., 2015). 

A third red algae species, Solieria sp. is also found within the Manukau harbour and generally cannot 
be distinguished from Gracilaria spp. morphologically, but living specimens can be by the live colour 
which is a reddish pink colour for Solieria sp. compared to Gracilaria spp. which is a dark brownish 
red to black (Nelson et al., 2015).  

Blooms of Gracilaria chilensis in Manukau Harbour can be extensive, with large accumulations 
forming in sheltered, depositional areas. These blooms are considered widespread and have been 
documented across multiple regions in New Zealand. While exact measurements vary seasonally and 
spatially, blooms can cover hundreds of hectares, particularly during periods of elevated nutrient 
input and calm conditions (Nelson et al., 2015). Gracilaria spp. blooms in Manukau Harbour can last 
for weeks to months, especially during summer when nutrients and warmth peak. In sheltered areas 
with limited water movement, blooms can accumulate and persist longer, sometimes becoming 
semi-permanent features during favourable conditions (Nelson, et al., 2015).  

The overgrowth of Gracilaria spp. can smother seagrass, deplete oxygen, and reduce biodiversity. 
While it has bioremediation potential, excessive blooms, like those seen in the Manukau Harbour, 
generally indicate ecological imbalance and degraded water quality (Robertson and Stevens, 2012). 
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intertidal exposure during the survey period. The tide cycles during the flights are shown in Figure 
2.1. 

 

Figure 2.1: Tide cycles at latitude = -37.145, longitude = 174.698, source: NIWA tides.  
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2.1.3 Flight decision tree 

A decision tree for conducting a flight is shown in Figure 2.2, based on the optimum flight conditions 
defined in the SW REMP and following approved modifications to optimum conditions as mentioned 
above. To optimise survey coverage and quality, the joint occurrence of the following variables 
needs to be considered:  

1 Consistent lighting conditions are required for the duration of the aerial flight to ensure 
minimal change in image exposure. This requires minimal (<10%) cloud cover.  

2 Image capture during daylight hours where the sun angle is minimally changing during the 
aerial flight, defined by sun angles are less than 15 degrees from the horizon. 

3 During spring low tides, when low water levels are less than 0.8 m CD (-1.6 m MSL)  

4 Avoiding windy conditions that reduce visibility in shallow submerged areas. 

 

 

Figure 2.2: Decision tree for whether to fly or not. 

2.1.4 Camera specifications 

The Canon camera details are summarised in Table 2.2 below. The Canon (RGB) camera provides 
high resolution imagery.  

Lower resolution multispectral imagery (1280 x 960 pixels) was collected in the first two surveys to 
enable alternative and complementary image processing tools. The multispectral lenses capture data 
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Figure 2.3: Map showing the two SW REMP survey areas (area of interest was outlined in the SW REMP) 
overlaid on the controlled airspace map (PreFlight, 2026). The blue region is controlled airspace upwards from 
the surface (ground level). The magenta region is controlled airspace from 1500 ft (457 m) upwards. The 
focused survey area is offset from the southwest sector by 1800 m based on the plane turning radius.  

2.1.6 Orthomosaic creation 

Image processing was undertaken using the software Pix4D mapper to create a georectified 
orthomosaic. The software analyses hundreds of overlapping images, identifying common features 
(tie points) across images to reconstruct the three-dimensional geometry of the survey area, which 
is used to stitch the images into a single composite orthomosaic. The orthomosaic is then 
georectified by aligning it to Ground Control Points (GCPs) of known geographic position, anchoring 
the orthomosaic to a real-world coordinate system and ensuring it is spatially accurate. GCPs were 
based on common features in the Auckland Council South Auckland 2016 LiDAR and collected aerial 
imagery. A minimum of 15 GCPs and 5 Quality Control Points (QCPs) were used in processing. The 
root-mean-squared error in the horizontal plane for QCP points was less than 10 m for all flights.  

The resolution of the orthomosaics were reduced to 1.0 m/pixel to suit the seagrass image 
classification described further in Section 3.3. 

2.2 Ground truthing 

Ground truthing surveys were undertaken to support the classification of marine vegetation growth 
observed in the aerial survey imagery. Each survey was undertaken by a UAV operator and a marine 
ecologist. The primary objectives for ground truthing were as follows: 

• Confirmation of species-level identification of marine vegetation growth where uncertainty 
remains within the classified imagery.  
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Figure 2.4: Sites selected for ground truthing on 10 February 2025 accessed via land.  

2.2.3 Ground truthing from the ocean 

Marine based ground truthing was undertaken using a vessel launched from the Waiau Pa boat 
ramp, with skipper services provided by New Zealand Dive and Salvage. Safe UAV operations from 
the vessel were achieved through clear crew communication, dynamic hazard monitoring, use of a 
moving home point, proficient manual flight control, and conservative battery management to 
ensure safe launch and recovery. 

UAV operations were performed from a boat by a competent and trained operator. Five of these 
marine based operations were carried out between May 2025 and May 2026 targeting a two-hour 
time window either side of low tide. This approach enabled access to areas across the entire area of 
imagery collected by the plane. Figure 2.5 shows an example of the locations where UAV imagery 
and video collected during the survey.   
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Figure 2.5: Boat launched drone ground truthing on 27th May 2025, an example of where imagery and video 
collected. 

2.2.4 Manual image classification for Ulva spp. and Gracilaria spp.  

An outcome of the ground truthing surveys was imagery that showed the presence of Ulva spp. and 
Gracilaria spp. in locations where the aerial imagery had not detected these. As a result, a manual 
approach to mapping Ulva spp. and Gracilaria spp. was taken, where all instances recorded were 
mapped to show the spatial coverage.  

The imagery captured during the ground truth surveys were taken at various heights from the 
ground and at oblique and orthographic angles. The images were not captured with a scale 
reference and therefore objects in the images were not measurable.  

The ground truth images were reviewed by an ecologist and photographs with Ulva spp. and 
Gracilaria spp. identified were selected for each survey. Location points were mapped from the 
location information recorded for the selected photos. Convex polygons were generated from these 
points, and the extent boundaries were then manually adjusted to match what was photographed 
during the ground truth surveys based off a visual assessment.  

2.3 Vegetation classification  

2.3.1 Automated image classification 

To ascertain marine vegetation extent (seagrass, Ulva spp. and Gracilaria spp.) within the intertidal 
area of the survey area, imagery was clipped between a -1 m Chart Datum Bathymetric Contour 
which was derived from a composite bathymetric surface created by T+T, and Mean High Water 
Springs (MHWS), described as an ‘Indicative Coastline boundary’ (Geomaps, 2025). These extents are 
visible in Figure 2.6. Image processing was then used to identify the extents and coverage areas of 



19 
 

   

Tonkin & Taylor Ltd 
Southwest Receiving Environment Monitoring Programme – Marine vegetation Mapping and Identification - 
Year 2 
Watercare.  

September 2026 
Job No: 1019588.1000 v2 

 

marine vegetation, as well as mangroves and sand, as the other dominant habitats within the survey 
focus area and were automatically classified during the image processing.   

Supervised image classification was undertaken using ArcGIS Pro 3.1 Software. For computational 
efficiency, images were subsampled to a 1-metre GSD. This process involves the segmentation of the 
imagery into regions based on the spectral and spatial properties of the pixels. Neighbouring pixels 
with similar spectral properties are grouped together to identify where there are objects in an 
image. These clusters of pixels are first turned into segments, which then get classified into a habitat 
class, i.e. sand, seagrass, mangroves.  

To account for the edge effect and difference in seagrass density across the bed, detailed extent 
polygons were generalised using ArcGIS tools to create ‘coverage polygons’ which captured areas of 
sparse seagrass, which may not otherwise get detected through the classification process5. This 
classification methodology was used to estimate seagrass coverage for each aerial survey. 

For the first survey that was flown in December 2024, training samples were manually selected to 
inform the supervised machine learning model to assign habitat classes to the different segmented 
regions. Key challenges in this process are related to natural variations in the appearance of 
sandy/muddy and rock substrates, lighting conditions, and differing depths of submersion. Care was 
taken to ensure sampling represented the diversity of conditions and was of relatively even spatial 
distribution. 

The initial December 2024 training data set was applied to the May 2025 imagery for classification, 
augmented with additional training data from the May survey. This process was repeated for each 
following survey, building a larger training sample database to inform the classification model.  

For each survey habitat analysis, the ground truth imagery was used to confirm the species that was 
identified within the aerial classification as that present.   

 

Figure 2.6: December 2024 and May 2025 orthomosaic clipped to the tidal area of interest for supervised 
classification image processing. 

 
5 ‘Generalisation Polygon’ tool in ArcGIS simplifies line and polygon features while preserving their essential shape. 
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2.3.2 Ulva spp. and Gracilaria spp. image classification 

Ulva spp. and Gracilaria spp. were detected at a few locations during the ground truthing surveys, 
however, due to the sparse, unconnected nature of the distribution of the plants they did not exhibit 
a sufficiently distinct spectral signature for reliable identification through aerial image classification. 
Instead, during the classification process, radiance values were averaged with the surrounding sandy 
substrate, which prevented automated classification of the macroalgae species. 

To address this limitation of the aerial imagery and classification process, georeferenced ground-
truth photographs collected during each survey were used to map Ulva spp. occurrence and 
delineate indicative coverage extents. Extent boundaries were manually interpreted and adjusted 
based on field observations and photographic evidence. Coverage extents for Gracilaria spp. were 
not generated, as only isolated individual plants were recorded during the ground-truth surveys, 
instead these were identified and recorded with their presence and location.  

3 Results 

3.1 Imagery processing  

Orthomosaics were created for each survey flight and are presented in Appendix A. Key challenges 
identified during orthomosaic creation was the construction over water and clouds. 

Cloud cover has the potential to reduce image quality in aerial surveys in two ways: 

1 Cloud above the plane can cast shadows onto the ground, resulting in dark areas in the 
orthomosaic, for example the north-west extent in Figure Appendix A.6. Cloud above the 
plane is more likely for the latest surveys which were conducted at 450 m elevation compared 
to the previous surveys at 3000 m elevation.  

2 Low-lying cloud beneath the plane (i.e. below the camera) can obscure detail on the ground. 
In Figure Appendix A.2 affected areas appear as white cloud. When cloud cover becomes 
sufficiently dense, orthomosaic reconstruction is no longer possible and ‘holes’ in the 
orthomosaic occur. One such example is visible in Figure Appendix A.2 south of Grahams 
Beach towards the northern end of the Awhitu Peninsula. Low-lying cloud is unlikely for 
surveys at 450 m and none was observed for surveys conducted at that altitude.  

The water surface is near uniform in colour, affected by reflection and has wind texture moving the 
water surface. Images that only include water and no land reduced the number of matching points 
(key points) between overlapping images. Examples of where the orthomosaic could not be 
constructed over water are shown by the white squares north of the Clarks beach intertidal area 
(Figure Appendix A.1 and  Figure Appendix A.5) and along the centre of the Waiuku river (Figure 
Appendix A.6). Since the objective it to survey and map marine vegetation in the intertidal areas, this 
does not have an impact on the results.  

All survey data were suitable for processing except for the flight undertaken on 4 November 2026. 
Imagery from this survey (Figure Appendix A.4) was not usable due to poor lighting conditions 
associated with the mid-afternoon survey window in conjunction with less overlap between photos 
to optimise coverage. 

Following review of the November survey results, it was agreed to increase the side-lap and further 
reduce the focused survey area for subsequent flights to ensure that a complete orthomosaic could 
be successfully processed regardless of sun angle. 

For the March 2026 orthomosaic, some streakiness was observed in line with the flight path due to 
uneven lighting. The colour also fluctuated over water as sun reflection was in some frames and not 
others. The streaks appear to be minimised by flying from southwest to northeast in the April 2026 



21 
 

   

Tonkin & Taylor Ltd 
Southwest Receiving Environment Monitoring Programme – Marine vegetation Mapping and Identification - 
Year 2 
Watercare.  

September 2026 
Job No: 1019588.1000 v2 

 

afternoon survey. Flying at a lower elevation means that lighting between individual frames over 
smaller footprints vary more, compared to the high elevation flights that look down over larger 
areas.  

3.2 Ground truthing surveys 

Ground truthing surveys were conducted over the same focus area that the aerial imagery was 
collected for using a UAV. The purpose of these was to survey the area and collect imagery of marine 
vegetation to confirm the species present and the spectral signatures to help with the automated 
imagery classification process. The UAV imagery also provided the opportunity to identify any Ulva 
spp. or Gracilaria spp. that may have been missed in the aerial imagery.  

3.2.1 Ground truthing from land 

3.2.1.1 Clarks beach 

Seagrass distribution across the western extent of the inter-tidal marine area of Clarks beach was 
investigated on-foot on 7 February 2025 with observations recorded using phone-based GIS. The 
extent of visible seagrass on the western edge of Clarks Beach was walked following as close as 
possible to the low tide boundary. Figure 3.1 below shows the extent of the intertidal marine area 
walked and surveyed, with corresponding observations geospatially referenced. Approximately 
4.8 ha of intertidal seabed was surveyed.  

 

Figure 3.1 Clarks beach ground truthing extent, including observation points corresponding to those discussed 
in Table 3.1. 
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Photograph 3.3: Colour variation observed in seagrass bed at Clarks Beach (Photo taken February 2025) 

3.2.1.2 Wairoa Point 

Wairoa Point and the intertidal marine area towards the south was accessed via the beach and 
investigated using a UAV, which was flown to identify locations of marine vegetation growth. The 
UAV was flown at 20 m elevation across the ground truth survey area (shown in Photograph 3.2) in 
order to identify discrete points of interest where photographs were taken.  

The observation point shown in the figure below represents a location where isolated patches of sea 
lettuce (Ulva spp.), had been observed in January 2025 surveys undertaken by Coast and Catchment 
(email communication 21 January 2025). The UAV was subsequently flown at a lower elevation and 
close-up photographs captured of this area to confirm species classification (see Photograph 3.4 and 
Photograph 3.5 below). 
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Figure 3.2: Wairoa Point ground truth survey area. 

The patches of Ulva spp. detected at the observation point shown in Figure 3.2 are too small to be 
detected from the aerial survey and subsequently cannot be identified during the image analysis 
process. No patches larger than those shown in Photograph 3.4 were observed, and these are 
estimated to be around 2 m – 5 m in width (refer to Section 3.2.3 for photo capture during marine 
vegetation surveys by Coast and Catchment in January 2025). 

 

 

Photograph 3.4: Drone imagery showing 
approximate extent and pattern distribution of Ulva 
spp. identified at Wairoa Point (Photo taken, 
February 2025) 

 

Photograph 3.5: Close up drone imagery showing 
Ulva spp. (Photo taken, February 2025).  
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3.2.1.3 Glenbrook Beach 

The extent of Glenbrook Beach was investigated primarily using a drone, with an approximate 100 m 
by 100 m reach walked on-foot in February 2025 (Figure 3.3). Initial observations of the intertidal 
area around the high tide mark showed small, sparsely distributed growths of Ulva spp. which when 
observed from a distance, were not discernible from the surrounding intertidal substrate. The extent 
of the beach was then flown with a drone at an elevation of approximately 10 m to visualise the full 
extent of these isolated Ulva spp. growths.  

Following the investigation via drone, it was determined that these individual growths extended 
across the intertidal marine area from the low-tide to the high-tide mark, across the extent of 
Glenbrook Beach, as shown in Photograph 3.6 and Photograph 3.7. Each Ulva spp. plant was 
approximately 10 cm – 30 cm in length, scattered across the beach.  

 

Figure 3.3 Glenbrook beach ground truth survey area 













31 
 

   

Tonkin & Taylor Ltd 
Southwest Receiving Environment Monitoring Programme – Marine vegetation Mapping and Identification - 
Year 2 
Watercare.  

September 2026 
Job No: 1019588.1000 v2 

 

For consistency in the quantification of the marine vegetation extents across surveys, a focused 
survey extent was generated from areas within the ‘tidal area of interest’ where aerial imagery was 
available for all surveys (shown in Figure 2.1). 

 

Figure 3.4 Survey extent used for comparable image classification analysis 

Table 3.4 presents the areal extent (ha) of sand, seagrass, and mangrove habitats within the focused 
survey area shown in Figure 3.4. While habitat extents are directly comparable between surveys due 
to the consistent spatial coverage assessed, differences in imagery capture conditions should be 
considered when interpreting temporal patterns. Mangrove extent remained relatively stable 
throughout the survey period, ranging from 204–229 ha (11–12% of the mapped area). In contrast, 
seagrass extent exhibited greater variability, ranging from 153 ha in March 2026 to 303 ha in May 
2025 (8–16% of the mapped area). Seagrass was predominantly concentrated around Clarks Beach, 
with smaller patches detected around Matakawau Point and areas further north during the 
December 2024, May 2025, and July 2025 surveys only (Appendix B). Following the peak extent 
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Photograph 3.14 Ulva spp. found at Glenbrook beach 
during July 2025 ground truthing survey (Photo 
image collected using a UAV). 

Photograph 3.15 Ulva spp. found at Glenbrook beach 
during July 2025 ground truthing survey (Photo 
image collected using a UAV). 

  

Photograph 3.16 Ulva spp. found at Glenbrook beach 
during November 2025 ground truthing survey 
(Photo image collected using a UAV).  

Photograph 3.17 Ulva spp. found at Glenbrook beach 
during March 2026 ground truthing survey (Photo 
image collected using a UAV). 

3.3.3 Marine vegetation imagery classification limitations 

Although the image classification method can provide a level of detail there is the potential for areas 
to be misclassified as a different habitat type. This is largely a result of the high radiometric detail of 
the orthomosaics and similar spectral signatures of different habitat types. During the classification 
process, a GIS Specialist and Ecologist reviewed the classification and manually corrected significant 
areas of misclassification.  

An additional limitation to this method is the inability to distinguish between fine-scale habitat 
types. Macroalgae species were not able to be confidently identified within the survey area through 
the classification due to the similar spectral characteristics between fine-scale habitat types (e.g. red 
algae and seagrass). In general, mangroves throughout the survey areas were easily identified and 
mapped through supervised classification. However, where sun glint (reflection off the water) 
occurred in the image capture, compensatory adjustment in exposure resulted in darker inundated 
areas and the false identification of mangrove coverage. 
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Environmental conditions at the time of image capture can contribute variation to the spectral 
properties of a habitat class and add noise to the machine learning model resulting in 
misclassifications. The presence of the clouds and the shadows cast, changes the spectral properties 
of all habitats and introduces greater variation. The timing of image capture with the tidal cycle also 
has an impact in the way the habitats present in the image. The spectral properties of sand can 
change drastically between wet and dry sand. Inundated areas in the subtidal zone will appear bluer 
while recently inundated areas will appear darker in colour.  

Data input requirements  

• The ‘Object’ needs to be identifiable in the aerial imagery in order to be classified. 

− The ‘object’ must be larger than the captured pixel size to have an identifiable spectral 
signature   

− Eg – individual sea lettuce plants, seen during 2025 July ground truthing was typically 
<5 cm. The helicopter imagery captured a 20 cm resolution. Pixels where sea lettuce is 
present would have an averaged radiance value from the surrounding substrate (sands) 
and sea lettuce, resulting in no distinctive spectral signature and therefore was not 
identifiable in the imagery.   

• Object based image classification  

− During this method, the imagery under-goes segmentation. Neighbouring pixels with 
similar spectral properties are grouped together to identify where there are objects in 
the image. These clusters of pixels are turned into segments which then get classified 
into the different classes 

− Objects must be multiple pixels in order to be identified as an object in the in the 
segmentation process, therefore image classification is nor suitable for picking up small 
scale objects relative to the pixel size 

− With the 20 cm pixel size, the minimum size of sea lettuce must be greater than 1 m 
and be a minimum density to have an identifiable spectral signature  

• Pixel based image classification is not suitable for large scale areas (Entire Manukau Harbour) 
due the amount of spectral variation present in each vegetation class. There will be too much 
noise in the analysis that meaningful results will not be produced. 

4 Nutrient budget contribution and modelling 

The SW REMP requires that changes in vegetation coverage over time are assessed in relation to the 
catchment nutrient budget, including any potential increasing contribution from the WWTP. The 
results presented in this report represent the baseline receiving environment conditions, with 
existing catchment influences (i.e. the baseline catchment nutrient budget). Therefore, the nutrient 
budget has not been described on the basis that there are currently no additional inputs from the 
WWTP.  

The nutrient budget of the catchment can be derived based on inputs from contributing catchments 
in the South-West Manukau harbour (Figure 4.1). Auckland Council’s Freshwater Management Tool 
(FWMT) provides a suitable basis to undertake this work in future monitoring reports. The FWMT is 
a process-based water quality accounting model that estimates contaminant generation, transport, 
and delivery from both rural and urban sources across Auckland catchments. Nutrient sources 
represented include diffuse land-use runoff as well as point-source discharges such as wastewater 
and stormwater. FWMT outputs can be incorporated into existing harbour hydrodynamic models to 
provide a proportional load from the WWTP in relation to the nutrient budget from catchments in 
the South-West Manukau harbour.  
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The outputs from the model could then be validated against the baseline and ongoing results from 
other SW REMP workstreams, particularly water column nutrients and sediment nutrients.  

 

Figure 4.1 Manukau Harbour catchments (Auckland Council) (accessed from DHI, 2016) 
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5 Project summary 

Marine vegetation monitoring was undertaken in accordance with the SW REMP methodology, with 
several refinements to survey timing, survey extent, and flight specifications agreed with Watercare 
and Auckland Council to improve image quality and ensure collection of a representative seasonal 
baseline dataset. Of the eight seasonal aerial surveys originally proposed, two could not be 
completed due to unsuitable environmental conditions and one additional survey (November 2025) 
could not be used for habitat classification because an orthomosaic could not be successfully 
generated. Consequently, five surveys were available for quantitative habitat analysis.  

To ensure vegetation coverage could be compared consistently through time, habitat extents were 
quantified within a focused survey area covered by all surveys. This approach removed differences 
associated with varying aerial survey extents and allowed for direct comparison between survey 
periods. A generalisation methodology to seagrass habitats was applied to account for the difference 
in seagrass density on the edges and within the seagrass. This approach allowed for an outer extent 
to be captured and compared between surveys.  

The baseline monitoring identified a receiving environment characterised by extensive seagrass 
meadows present at Clarks Beach, stable mangrove habitat, and generally low levels of nuisance 
macroalgae. Mangrove extent remained relatively consistent throughout the monitoring period (11–
12% cover), while seagrass extent showed moderate temporal variability (8–16% cover), with the 
highest coverage recorded in May 2025 and lower coverage observed during July 2025 and March–
April 2026. No clear trend of increasing or decreasing seagrass extent was evident over the baseline 
monitoring period.  

Ground-truthing surveys confirmed the presence of Ulva spp. and Gracilaria spp. however, their 
presence could not be reliably detected from the aerial image or the classification processing. To 
quantify the extent of Ulva spp. and Gracilaria spp. georeferenced ground-truth photographs were 
used. Ulva spp. was present during all surveys at Glenbrook beach and showed some seasonal 
variation, with coverage between 0.7 ha in March 2026 and 57.6 ha in July 2025. Gracilaria spp. 
extent was not quantified as only isolated plants were observed during surveys at Clarks beach and a 
point between Kaikaka Point to Gordons Landing.  

The results presented in this report establish a baseline of marine vegetation presence under the 
existing catchment nutrient budget in the absence of the nutrient contribution of the WWTP.  

5.1 Future recommendations 

Following the methodology as outlined within the SW REMP, collecting aerial imagery to detect 
changes over time in seagrass, Ulva spp. or Gracilaria spp. over four days per year has presented a 
number of potential future opportunities to refine the vegetation mapping process:  

• Seasonal patterns may be more evident if more regular imagery is collected. For example, due 
to the transient nature of nuisance macroalgae species, aerial imagery and ground truthing 
did not necessarily identify all such blooms over the course of the baseline monitoring period.  

• The aerial imagery has limitations and was unable to detect Ulva spp. and Gracilaria spp. and 
successfully map these using an imagery classification process. However, the aerial imagery 
was sufficient to map the extent of seagrass, notably the bed at Clarks beach and should be 
continued to be collected.  

• The imagery collected using the UAV provided a methodology in which those areas where 
Ulva spp. and Gracilaria spp. were present could be detected through the identification while 
on site by the marine ecologist, and the imagery capture to confirm the presence.  
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• To detect changes in extent with a focus on the nuisance macroalgae species, a methodology 
which includes the utilisation of a UAV could be employed at a higher frequency throughout 
the year to detect the localised extent changes over time. A reduced aerial imagery capture 
focussed on seagrass extent may be sufficient to understand if any changes as a result of the 
wastewater outfall are occurring.  
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6 Applicability 

This report has been prepared for the exclusive use of our client Watercare.  with respect to the 
particular brief given to us and it may not be relied upon in other contexts or for any other purpose, 
or by any person other than our client, without our prior written agreement. 

We understand and agree that our client will submit this report as part of a monitoring report for 
adherence for resource consent conditions and that Auckland Council as the consenting authority 
will use this report for the purpose of assessing that application. 
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Environmental and Engineering Consultants 

Report prepared by:  Report prepared by: 
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Melanie Tupe  Joshua Bagg  
Marine Ecologist  Coastal Engineer  
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............................. ............................  .......................................................... 
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Jackson, Senior Marine Ecologist 
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EXECUTIVE SUMMARY 

This report documents the results of the two years (July 2024 to June 2026) of baseline monitoring for 
shellfish quality and population dynamics in the Waiuku Estuary. The monitoring establishes a baseline 
ahead of the upgrade to the Clarks Beach Wastewater Treatment Plant and its new outfall that will be 
operational in July 2026. The shellfish monitoring is part of the Receiving Environmental Monitoring 
Programme (REMP), which aims to identify and analyse noticeable patterns over time in water quality, 
shellfish quality, and marine ecology of the Southern Manukau Harbour in relation to the release of treated 
wastewater from the new outfall. 

Contaminant Monitoring of Farmed Oysters (August 2024 – May 2026) 

Contaminant monitoring involved five sampling events across five sites Matakawau Headland (M), Karaka 
Point (K), Te Toro Road Ramp (R), Te Toro Road Settlement (S), and Gordon’s Landing (G) using farmed 
Pacific oysters. Due to logistical constraints related to tides, laboratory capacity, and weather, the REMP 
requirement for collecting three wet samples and two dry samples each year was met only in the second 
year of monitoring.  

Metal concentrations revealed several elevated baseline levels: 

• Arsenic (Total) concentrations ranged between 12 and 16 mg/kg dry weight (d.w.) and are comparable 
to the highest levels detected in the Manukau Harbour. The highest calculated inorganic arsenic 
concentration (0.35 mg/kg w.w.) was 35% of the 1 mg/kg w.w. guideline. 

• Copper levels ranged from 250 to 650 mg/kg d.w., with one upstream site (Site G) reaching 944 mg/kg 
d.w. in May 2025. The highest replicate concentration (78.1 mg/kg w.w.) was higher than the Generally 
Expected Level (GEL) of 30 mg/kg w.w.. 

• Lead concentrations were low, with the highest replicate (0.071 mg/kg w.w.) measuring only 3% of the 
required Food Standard limit (2 mg/kg w.w.). 

• Zinc concentrations were also high (1000 to 2000 mg/kg d.w.), reaching 3300 mg/kg d.w. at Site G in May 
2025. However, the highest replicate value (234.3 mg/kg w.w.) was within the expected range compared 
to the GEL of 290 mg/kg w.w.. 

Overall, upstream Site G frequently showed the highest concentrations for Copper, Zinc, and Arsenic in 
later sampling events. All samples were below the regulatory limits for Polycyclic Aromatic Hydrocarbons 
(PAH4 and Benzo[a]pyrene), adopting European Union reference values in the absence of New Zealand 
guidelines. 

Microbial analysis indicated compliance issues: 

• Faecal Coliforms exceeded the marginal threshold of 230 MPN/100g in more than two replicates at Site 
M during August 2024, October 2024, January 2025, August 2025, April 2026, and May 2026, site R during 
May 2025, August 2025, April 2026 and May 2026; site K during December 2025 and April 2026; site S 
during April 2026; and site G during August 2025, December 2025, April 2026 and May 2026. The origin of 
these high bacteria levels remains unknown. No consistent negative impact was observed from rainfall 
during the wet-weather sampling events, with conditions being generally comparable to those of dry-
weather sampling events.  

• Enterovirus results were below minimum detection levels. 
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Shellfish Population Monitoring (October 2024 to February 2026) 

Population monitoring of wild oysters (5 sites) and cockles (5 sites) was conducted in October 2024, 
February 2025, August 2025, and February 2026. 

• Wild Oysters (Magallana gigas): Mean lengths ranged from 35 mm to 51 mm over the two-year 
monitoring period. Densities ranged from 3 to 26 oysters/0.25m², showing small variation (<10%) between 
sampling periods, suggesting seasonal stability in population numbers. 

• Wild Cockles (Austrovenus stutchburyi): Mean lengths (10 mm to 20 mm) were typically below the 
attractive edible size of 25 mm. Densities ranged from 275 to 2251 per m² and generally increased 
between October 2024 and February 2025, before decreasing in subsequent monitoring.  
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1 INTRODUCTION 

1.1 Context 

Watercare Services Ltd is upgrading the Southwest wastewater treatment network to support future 
population growth in Auckland’s Southwest region. At Clarks Beach, a new 100 m outfall pipe was 
completed in late 2025. It will go online in July 2026, and will have capacity to carry treated wastewater of 
up to 30,000 people.   

To comply with Condition 27 of the resource consent granted in 2018, a Receiving Environmental 
Monitoring Programme (REMP) was implemented to identify and analyse noticeable patterns over time in 
water quality, shellfish quality, and marine ecology of the Southern Manukau Harbour (Figure 1.1) in 
relation to the release of treated wastewater from the new Clarks Beach outfall. Environmental monitoring 
was scheduled to begin two years prior to the completion of the new outfall, i.e. in June 2024, to provide a 
baseline before the release of treated wastewater via the new outfall. The current volume of treated 
wastewater discharged from the Clarks Beach plant is ~250 m³/day, while that from the Waiuku Plant is 
~1,150 m³/day. The discharge volume of treated wastewater via the new outfall will gradually increase in 
line with population growth, reaching a maximum of 5,000m³/day. 

A REMP was finalised in June 2024 (Watercare 2024). Bioresearches has been tasked with completing the 
contaminant monitoring of shellfish, and population monitoring of oysters (Magallana gigas, previously 
Crassostrea gigas) and cockles (Austrovenus stutchburyi).  

This report presents the results from the first two years of the baseline monitoring (June 2024 to June 
2026). 

 

1.2 Waiuku Estuary catchment and pollution sources 

The Waiuku Estuary extends approximately 11km from its mouth at Clarks Beach upstream to the town of 
Waiuku. The catchment of the Waiuku Estuary is predominantly rural, with dairy and dry stock farming as 
the main land uses (Mills 2014, Hart et al. 2025). During rainfall events, agricultural runoff is a significant 
contributor of diffuse sediment and nutrients into the estuary. Increased mud content in the sediment is 
impacting benthic ecosystem health (Bioresearches 2025a). A small but growing proportion of the 
catchment is urban with small townships such as Waiuku, Glenbrook and Clarks Beach. There are two 
wastewater treatment plants discharging treated effluent into the estuary: Waiuku, and Clarks Beach. The 
effluents introduce nutrients, suspended sediments and potential pathogens to the estuary. The New 
Zealand Steel mill at Glenbrook on the eastern side is one of the largest industrial sites in the Auckland 
region. It was identified as a source of zinc and copper in the environment (Bioresearches 2025a). 

 

1.3 Previous records of oyster quality in the Waiuku Estuary 

Pacific oysters in the Waiuku Estuary are being monitored as part of the consent conditions for the 
operations of the Waiuku Wastewater Treatment Plant, and the New Zealand Steel plant at Glenbrook. At 
a larger scale, the Manukau Harbour benefits from regular monitoring run by the Auckland Council under 
the Shellfish Contaminant Monitoring Programme. 

For the Waiuku Wastewater Treatment Plant, bacteria levels in oysters are monitored annually in February 
at five sites, located upstream from the REMP sites, except for OYSE (Bioresearches 2025b). OYSE 
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matches the Gordons site (Gordon’s Landing) in the present study. Faecal coliforms were very low at a 
median of 20 MPN/100g during the past two surveys (Feb 2024 and 2025) when no rain had occurred in 
the week prior to sampling. Before 2024, the oyster sampling was conducted after significant rain events 
(>20 mm rain in the week prior to sampling), and high faecal coliform concentrations were detected in 
oyster flesh at OYSE site (>300 MPN/100g). It was concluded that rainfall significantly affects water quality 
in the Waiuku catchment, which is predominantly farmland. Farmed animals are a significant source of 
faecal coliforms which get transported into the Waiuku Estuary via runoff. Elevated nutrient levels were 
highlighted during the monitoring programme of the Manukau Estuary run by the Auckland Council, which 
regularly monitors water quality in the upper Waiuku Estuary and at Clarks Beach (Kelly and Kamke 2023). 

For the New Zealand Steel plant, oysters are sampled annually for metal analysis from sites in the 
receiving environment of the plant outfalls, and from a control site in the Taihiki River, which joins the 
Waiuku Estuary further downstream. Copper and zinc in oyster flesh are markedly higher than in the Taihiki 
River, especially for zinc. It was concluded the NZ Steel discharge is the source of these contaminants in 
the receiving environment near the outfalls (Bioresearches 2025a). The metal results from the Taihiki River 
site is used as a comparative reference for the present study’s results. During the past five years, the 
copper concentrations in oysters ranged from 177 to 313 mg/kg dry weight, while the zinc concentrations 
ranged from 1683 to 2150 mg/kg dry weight. 

The shellfish Contaminant Monitoring Programme run by the Auckland Council has no regular oyster 
monitoring sites in the Waiuku Estuary (Stewart et al. 2013). The closest sites are Cornwallis and Mill Bay 
on the northern side of the Manukau Harbour entrance, south of the Waitakere Ranges. These sites are 
considered control points for contaminants as direct human activities are minimal, with only light 
urbanisation and surroundings catchments dominated by native forest. Copper, lead, and zinc 
concentrations in oyster flesh were the lowest among Manukau monitoring sites (median values between 
2009 and 2011 were 110, 0.2, 1500 mg/kg dry weight respectively at Cornwallis as per Auckland Council’s 
most recent published report; Stewart et al. 2013). Arsenic, however, showed a high median 
concentration in oysters (13.0 mg/kg), which could be related to historical sediment contamination from 
timber treatment activities in the Waitakere Ranges. PAH showed a similar profile to lead in the Manukau 
Harbour. Their concentrations at Cornwallis were low (17 µg/kg dry weight). 
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Figure 2.2 Example of oyster bags installed on the reef. Here at Te Toro Road Settlement 

 

The REMP states that monitoring of contaminants is to be carried out over the two years prior to the 
commencement of discharge from the outfall. Sampling was to be undertaken a minimum of five times 
throughout the first year of monitoring, with sampling events scheduled to target seasonal monitoring.  

In addition to seasonal monitoring, the REMP specifies that two samples should be collected after two 
weeks of dry weather where the average rainfall/day is <5 mm (dry event) and three samples should be 
collected after significant rainfall where there has been >15 mm of rain in the preceding 24 hours (wet 
event), or as close as feasible. The 24-hour period was considered too short and changed to a 48-hour 
period preceding sampling to validate a wet event. In some instances, seasonal sampling events also met 
the required rainfall criteria and were therefore considered representative of both seasonal and weather-
event monitoring requirements. Rainfall was determined using data from Auckland Council, specifically 
looking at the four sites Awhitu @ Brook Road (741611), Waitangi @ Diver Road (742736), Waiuku @ 
Cosmopolitan Club (742740), and Waiuku Rain @ Waiuku-Otaua Road (742739)(Appendix 1). 

 

2.1.1 Condition Index of Oysters 

Condition Index was determined using the oyster tissue from metal and PAH analyses. The REMP specifies 
a size range of 60 to 70 mm. However, oysters outside this range were occasionally used where stock 
availability from the oyster farm was limited. 

During the first year of sampling, ten replicate samples of six oysters were collected from each site. From 
August 2025 onwards, laboratory procedures were updated to allow metals and PAHs to be analysed from 
the same six oyster replicate, therefore only five replicates were taken from each site for condition index. 
Control samples for condition index were also incorporated into the monitoring programme from August 
2025 onwards, with five replicate control samples of six oysters collected before the farmed oysters were 
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deployed into the environment. The inclusion of control oysters also reduced the influence of variation in 
oyster condition arising from environmental conditions experienced prior to deployment. 

Upon return to the laboratory, the oysters were thoroughly cleaned by scrubbing the shells and removing 
any major fouling organisms. Any broken or damaged shellfish were discarded. The total volume of each 
replicate was then measured, and the oysters were frozen in separate plastic containers for later 
processing. The oysters were then thawed and shucked into a pre-weighed clean plastic vial. While 
thawing, the oysters were placed cupped side facing up to minimise the loss of fluid. The total tissue 
sample per replicate was then weighed to obtain a wet weight. The total volume of the empty shells was 
also measured. Tissue samples were re-frozen as soon as possible after shucking. Frozen tissue samples 
were delivered to Watercare Laboratory Services to determine a dry weight. 

The Condition Index (an indicator of how well an oyster has utilised the internal shell volume available for 
tissue growth) was calculated as follows: 

𝐶𝑜𝑛𝑑𝑖𝑡𝑜𝑛 𝐼𝑛𝑑𝑒𝑥 =
𝐷𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡 ∗ 100

𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑠ℎ𝑒𝑙𝑙 𝑣𝑜𝑙𝑢𝑚𝑒
 

 

2.1.2 Metal Concentrations in Oysters 

Five samples of six oysters were collected per site for metals analysis and processed for condition index 
(see above). Frozen tissue samples were then delivered to the Watercare Laboratory Services for metal 
analysis. Concentrations of arsenic, copper, lead, and zinc were tested to total recoverable trace levels 
dry weights with the additional percentage moisture measured, so that wet weight can be calculated. The 
laboratory analysis followed the standardised analytical procedure APHA 3125 B with digestion of 
shellfish tissue in strong acid, then the determination of metal concentrations using Inductively Coupled 
Plasma Mass Spectrometry (ICP-MS) (APHA 2017). 

 

2.1.3 Polycyclic Aromatic Hydrocarbons in Oysters 

Five samples of six oysters were collected per site for Polycyclic Aromatic Hydrocarbon (PAH) analysis 
and processed for condition index (see above). Frozen tissue samples were then delivered to the 
Watercare Laboratory Services for PAH analysis. There is no analytical standard for PAHs in New Zealand 
(refer to Watercare Laboratory Services Certificates of Analysis). PAHs in oysters were extracted with 
organic solvents, then detected and quantified via Gas Chromatography coupled with Mass Spectrometry 
(GC-MS). 

 

2.1.4 Microbial Contaminants in Oysters 

Five samples of twelve oysters were collected per site for Enterococci and Faecal Coliform analysis. Three 
samples of 20 oysters were collected for Enterovirus. The oysters were shucked using sterile equipment 
and the flesh was placed in sterile plastic vials. The equipment was sterilised between sites. Samples 
were placed in the fridge until they were delivered to the Watercare Laboratory within 4 hours of being 
open in the case of bacteria, and within 24 hours of being open in the case of virus. 
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The laboratory results for this study report benzo[b]fluoranthene and benzo[k]fluoranthene as a combined 
result of benzo[f+k]fluoranthene. To estimate the concentration of benzo[b]fluoranthene for the PAH4 
calculation, benzo[b]fluoranthene is assumed to be 70% of the combined benzo[b+k]fluoranthene value 
(FSANZ 2014).  

Many of the PAHs returned concentrations below the minimum detection level. For the purposes of this 
study, these values have been considered as zero. Additionally, because the laboratory results are 
reported on a dry weight basis, a moisture content of 85% has been assumed to convert results to a wet 
weight basis for comparison with regulatory limits. This moisture value is a conservative estimate based 
on the moisture content calculated from the replicate samples used for metal contaminant analysis. 
From August 2025 onwards, revised laboratory procedures allowed for both metals and PAH to be tested 
from the same six oyster replicate, therefore the measured moisture content for each replicate was used 
to convert PAH concentrations to wet weight for comparison with regulatory standards. 

 

2.1.6.3 Microbial Contaminants in Shellfish 

The Ministry of Health (1995) established criteria for faecal coliform bacteria in untreated shellfish. These 
guidelines require five samples, each comprising of no less than twelve oysters. Of these replicates, no 
more than two samples should exceed the marginal threshold of 230 MPN/100g and none may exceed the 
maximum limit of 330 MPN/100g. 

There are currently no standards or regulations in New Zealand or Internationally that regulate the 
acceptable level of enterococci and enterovirus in shellfish flesh. Positive findings of virus in shellfish 
typically result in area closures rather than compliance-based regulatory decisions. 

 

2.2 Results and Discussion 

The results presented below correspond to the two years of baseline monitoring of the Clarks Beach 
WWTP upgrade project.  

 

2.2.1 Sampling and limitations  

The REMP described the conditions for sampling oysters in the Waiuku Estuary. The protocol aims to 
detect:  

1) any seasonal variation with sampling events spaced through the year,  
 

2) weather effects with an attempt to match sampling with dry or wet weather conditions, 

on contaminant concentrations in the environment using oysters as bioindicators.  

During the two-year baseline, farmed oysters placed at sites Matakawau Headland, Karaka Point, Te Toro 
Road Ramp, Te Toro Road Settlement, and Gordons Landing were collected in August 2024, October 2024, 
January 2025, March 2025, May 2025, August 2025, October 025, December 2025, January 2026, March 
2026, April 2026, and May 2026 (Table 2.2).  
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The requirement to collect at least three wet samples and two dry samples could not be met during the 
first year of sampling due to practical constraints organising fieldwork, however this requirement was met 
during the second year of sampling. For the purposes of the monitoring programme, dry-weather 
conditions were defined as an average daily rainfall of less than 5 mm/day during the preceding two weeks, 
while wet-weather conditions were defined as greater than 15 mm of rainfall during the preceding 48 
hours.  

Several factors limited the ability to target weather specific conditions. Firstly, sampling could only be 
undertaken during daylight hours and suitable low-tide windows, generally between 10:00 am and 
4:30pm. Secondly, the large number of bacteria samples collected during each survey required 
immediate laboratory processing. Watercare Laboratory Services required advance notice of sample 
delivery so that culture media could be prepared prior to receiving the samples. Limited laboratory staffing 
during weekends and public holidays further restricted the ability to undertake sampling later in the week, 
as there was insufficient capacity to process the 25 bacteria samples immediately. Once these logistical 
constraints had been satisfied, the weather forecast was monitored to identify suitable wet-weather and 
dry-weather sampling opportunities.  

In addition to the fieldwork challenges presented above, bags of farmed oysters were stolen from several 
monitoring locations on several occasions during the first year of the monitoring programme, resulting in 
the loss of samples. To minimise the likelihood of further losses, the oyster deployment locations at 
Matakawau Headland, Karaka Point, and Te Toro Road Ramp were relocated to nearby sites that were less 
accessible to the public. This approach was successful in retaining oysters for subsequent monitoring. 
The coordinates of the relocated deployment sites are provided in Appendix 1 (Table A1.1). 

 

2.2.2 Condition of Oysters 

The mean condition index based on dry weight is presented in Figure 2.3 and the raw data are presented 
in Appendix 2 (Tables A2.4 to A2.15). 

The condition index is an indicator of how well an oyster has utilised the internal volume available for 
tissue and shell growth. The condition of farmed oysters is known to fluctuate seasonally due to the cycles 
of tissue growth and reproduction, with higher values in winter and spring, and lower values in summer 
and autumn. This seasonal pattern was evident during the two years of monitoring, with higher condition 
indices generally recorded during spring sampling events and lower values observed during late summer 
and early autumn sampling events (Figure 2.3). The consistency of this pattern across all monitoring sites 
suggests that seasonal biological processes were a primary driver of the observed variability in oyster 
condition. 

Considerable variation in condition index was observed both between sampling events and among sites. 
However, temporal variation within individual sites was generally greater than the differences observed 
between sites, indicating that seasonal influences had a stronger effect on oyster condition than spatial 
location within the estuary. Despite the seasonal fluctuations, a consistent spatial pattern was evident 
throughout much of the monitoring period, with oysters deployed at the sites nearest to the harbour 
entrance (sites M and K) generally exhibiting higher condition indices than those deployed further up the 
estuary, particularly at site G. As condition index reflects the cumulative influence of long-term 
environmental conditions such as food availability and sediment load in the water column, it is not 
expected to be affected by short-term rainfall events, as they occur over a relatively short period of time. 
The consistently lower condition indices at site G may reflect differences in local environmental 
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conditions associated with the site’s location along the mangrove fringe, including the presence of a 
substantial sediment layer. 

From August 2025 onwards, condition index was also determined for oysters immediately prior to 
deployment. These control samples provided a baseline condition index against which the condition of 
deployed oysters could be assessed. By determining the condition of oysters at the time of deployment, 
the control samples allowed any unusually high or low condition indices recorded during monitoring to be 
considered in the context of the oysters’ initial condition. This approach reduced the potential for pre-
existing differences in oyster condition prior to deployment to influence the interpretation of results from 
the monitoring sites. 

     

 

Figure 2.3  Mean + 95% CI Condition Index in Farmed Oysters from August 2024 to May 2026. Blue 
panel headers represent sites located down-estuary of the outfall and green panel 
headers represent sites located up-estuary of the outfall.  
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Figure 2.4 Mean + 95% CI Total Arsenic concentrations in Farmed Oysters between August 2024 
and May 2025 (mg/kg dry weight). Blue panel headers represent sites located down-
estuary of the outfall and green panel headers represent sites located up-estuary of 
the outfall.  

 

2.2.3.2 Copper in oysters 

The concentration of copper was analysed from five replicates from each of the five sites, across twelve 
sampling events. The results are presented in Figure 2.5 and the raw data are presented in Appendix 3 
(Tables A3.16 to A3.27). 
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Figure 2.5  Mean + 95% CI Copper concentrations in Farmed Oysters between August 2024 and 
May 2025 (mg/kg dry weight). Blue panel headers represent sites located down-
estuary of the outfall and green panel headers represent sites located up-estuary of 
the outfall.  

 

The mean concentrations of copper in the farmed oysters exhibited temporal variability throughout the 
monitoring period with mean values ranging from 250 to 650 mg/kg d.w. across the five monitoring sites 
(Figure 2.5). The highest concentration was recorded at site G in May 2025 where the mean concentration 
reached 944 mg/kg d.w. Despite this variability, copper concentrations remained elevated at all sites 
throughout the two-year baseline monitoring programme and no consistent trend was evident. 

Spatial variation between sites was generally less pronounced than temporal variation between sampling 
events. While site G typically exhibited the highest copper concentrations and greatest variability, no 
consistent upstream-downstream gradient was evident across the monitoring sites.  
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Sampling undertaken following wet-weather events did not indicate any consistent relationship between 
rainfall and copper concentrations in oyster tissue. Wet-weather sampling events occurred in March 
2025, August 2025, October 2025, and April 2026. Copper concentrations recorded during these events 
fell within the range of concentrations observed during dry and neutral conditions. The highest copper 
concentrations were observed during dry-weather sampling in May 2025. These results suggest that short-
term rainfall events are unlikely to be a primary driver of copper accumulation, with concentrations 
instead reflecting longer-term environmental and biological influences. 

Copper concentrations recorded during the baseline monitoring programme were generally higher than 
those reported in oysters collected near the New Zealand Steel outfalls (last 5-year range of 177 to 313 
mg/kg; Bioresearches 2025a). The consistently elevated copper concentrations across the five monitoring 
sites, together with the absence of elevated zinc concentrations (see below), suggest a broad-scale 
copper source rather than a localised industrial source from the New Zealand Steel Mill.  

There are currently no limits concerning copper concentration in shellfish, however the GELs established 
by ANZFA have found a 90th percentile value of 30 mg/kg w.w. The highest replicate found during sampling 
had a value of 78.1 mg/kg w.w. (Table 2.3), equivalent to approximately 260% of the GEL value. The two-
year baseline data establishes that copper concentrations in oysters within the Waiuku Estuary exceeded 
the GEL values reported for shellfish prior to the commencement of wastewater discharge from the new 
outfall, providing and important baseline against which future monitoring results can be assessed. 

 

2.2.3.3 Lead in oysters 

The concentration of lead was analysed from five replicates from each of the five sites, across twelve 
sampling events. The raw results are presented in Appendix 3 (Tables A3.16 to A3.27). 

The mean concentrations of lead in the farmed oysters remained low throughout the monitoring period, 
ranging from 0.15 to 0.45 mg/kg (d.w.) across all five monitoring sites (Figure 2.6). Concentrations varied 
between sampling events, with the greatest variation occurring during the first year of monitoring. Lead 
concentrations generally declined from the initial sampling events in 2024 through to late 2025, before 
showing a slight increase at several sites in early 2026. Despite the fluctuations, no consistent increasing 
or decreasing trend was evident during the two-year baseline.  

Spatial variation between sites was limited, with concentrations generally comparable among the five 
monitoring locations. Site K recorded the highest lead concentrations during the August and October 2024 
sampling events and was significantly higher than other sites during these surveys. Site R generally 
exhibited the lowest lead concentrations throughout the monitoring programme. Although occasional 
differences were identified between individual sites, no consistent upstream-downstream gradient was 
evident across the monitoring programme. 

Sampling undertaken following wet-weather events did not indicate any consistent relationship between 
rainfall and lead concentrations in oyster tissue. Wet-weather sampling events occurred in March 2025, 
August 2025, October 2025, and April 2026. Lead concentrations recorded during these events fell within 
the range observed during dry-weather events, suggesting that short-term rainfall events are unlikely to 
be a primary driver of lead accumulation. 

The Food Standards require shellfish to contain less than 2 mg/kg (w.w.) of lead. The highest concentration 
found was 0.06 mg/kg (w.w.), which is 3% of the standard (Table 2.4). The two-year baseline data 
demonstrates that lead concentrations in oysters from the Waiuku Estuary remained substantially below 
the food standard prior to the commencement of wastewater discharge from the new outfall. 
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2.2.3.4 Zinc in oysters 

The concentration of zinc was analysed from five replicates from each of the five sites, across five 
sampling events. The results are presented in Figure 2.7 and the raw data are presented in Appendix 3 
(Tables A3.16 to A3.27). 

Mean zinc concentrations in the farmed oysters exhibited moderate temporal variability throughout the 
monitoring period, ranging between approximately 1,100 and 2,200 mg/kg d.w. across the five monitoring 
sites (Figure 2.7). The highest concentrations were recorded at site G, with elevated concentrations 
observed in March 2025, May 2025, and April 2026, and a maximum mean lead concentration reaching 
2900 mg/kg d.w. in May 2025. Despite these elevated values, zinc concentrations remained within a 
broadly similar range across the monitoring sites and no consistent increasing or decreasing trend was 
evident over the two-year baseline monitoring programme. ANOVA tests revealed no significant variation 
between sites during the first three sampling events.  

Sampling undertaken following the wet-weather events did not indicate a consistent relationship between 
rainfall and zinc concentrations in oyster tissue. Wet-weather sampling events occurred in March 2025, 
August 2025, October 2025, and April 2026. Elevated zinc concentrations were recorded at site G during 
both March 2025 and April 2026; however, similarly elevated concentrations were also recorded during 
May 2025, which was a dry-weather event sampling. These results suggest that short-term rainfall events 
are unlikely to be the primary driver of zinc accumulation, with concentrations more likely reflecting 
longer-term environmental and biological influences. 

The zinc concentrations found during the baseline monitoring programme were generally comparable to 
those reported in oysters collected near the New Zealand Steel outfalls (1683 to 2150 mg/kg d.w.;  
Bioresearches 2025a). Unlike copper, zinc concentrations did not appear to be consistently elevated 
across all monitoring sites. 

There are currently no regulatory limits for zinc concentration in shellfish, however the GELs established 
by ANZFA have found a 90th percentile value of 290 mg/kg (w.w.). The highest concentration during the 
baseline period had a value of 251 mg/kg w.w. (Table 2.3). The two-year baseline data therefore indicates 
that zinc concentrations in oysters for the Waiuku Estuary were lower than the food standard prior to the 
commencement of wastewater discharge from the new outfall.  
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Figure 2.6 Mean + 95% CI Lead concentrations in Farmed Oysters between August 2024 and May 
2025 (mg/kg dry weight).  Blue panel headers represent sites located down-estuary of 
the outfall and green panel headers represent sites located up-estuary of the outfall. 
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Figure 2.7  Mean + 95% CI Zinc concentrations in Farmed Oysters between August 2024 and May 
2025 (mg/kg dry weight). Blue panel headers represent sites located down-estuary of 
the outfall and green panel headers represent sites located up-estuary of the outfall.  

 

 

2.2.4 Polycyclic Aromatic Hydrocarbon contaminants in oysters 

The results of for PAH4 and BaP concentrations are presented in Figure 2.8 and raw data are presented in 
Appendix 3 (Tables A3.28 to A3.39). Any results that were below the detection limit were considered to 
equal zero.  
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Figure 2.8 Mean + 95% CI Total PAH and PAH4 concentrations in Farmed Oysters between 
August 2024 and May 2026 (ng/g dry weight). Blue panel headers represent sites 
located down-estuary of the outfall and green panel headers represent sites located 
up-estuary of the outfall. 

 

The mean concentrations of Total PAH in the farmed oysters exhibited temporal variability throughout the 
monitoring period, with concentrations ranging between approximately 10 to 90 ng/g d.w. (Figure 2.8). 
Elevated total PAH concentrations were recorded at several sites during 2025, with the highest mean 
concentration observed at site R during August 2025. Sites G and S also exhibited elevated concentrations 
during mid-2025. Despite these fluctuations, Total PAH generally declined during late 2025 and early 2026 
to a level seen at the beginning of the monitoring period. No consistent spatial trend was evident between 
sites. Site R showed the highest PAH values in August 2025, and the lowest values in March 2026. 
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were elevated across all sites during the April 2026 sampling event, which followed approximately 40 mm 
of rainfall in the preceding 24 hours. These results suggest that rainfall may contribute to elevated 
bacterial concentrations in the Waiuku Estuary under some conditions, however the influence of rainfall 
was not consistent throughout the monitoring period. 

The standards for faecal coliforms in shellfish require no more than two replicates out of five to exceed 
230 MPN/100g and no replicates to exceed 330 MPN/100g. As presented in Appendix 3 (Table A3.41), Site 
M exceeded the standard during August 2024, October 2024, January 2025, August 2025, April 2026, and 
May 2026. Additional exceedances occurred at site R during May 2025, August 2025, April 2026 and May 
2026; site K during December 2025 and April 2026; site S during April 2026; and site G during August 2025, 
December 2025, April 2026 and May 2026. The April 2026 had the most widespread non-compliance, with 
all monitoring sites exceeding the faecal coliform guideline. The source of bacterial concentrations 
remains unknown but may be influenced by the dominant presence of livestock in the catchment 
surrounding Waiuku Estuary. 

 

2.2.5.2 Virus in Oysters 

All results were below the minimum detection levels and therefore no trends can be determined. 
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Figure 2.9 Boxplot showing the concentration of faecal coliforms and enterococci in farmed 
oysters from August 2024 to May 2026. Blue panel headers represent sites located 
down-estuary of the outfall and green panel headers represent sites located up-
estuary of the outfall. 
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3 SHELLFISH POPULATION MONITORING 

3.1 Oyster Abundance and Size 

3.1.1 Methodology 

The REMP specifies that the wild oyster populations are to be monitored at five sites (Figure 3.1). These 
sites will be monitored every six months in February and August, starting two years prior to discharge. Due 
to an initial attempt to match time periods between shellfish population monitoring and benthic biota 
monitoring, the first sampling in 2024 was undertaken in October1.  

Shellfish stations have been permanently marked with pegs.  Each sample station consists of an area 
measuring 50 m long by 3m wide, parallel to the low or high tide mark.  

Thirty 0.25 m² quadrats were located in the sampling area using random numbers to generate X and Y co-
ordinates.  A minimum of one hundred oysters (Magallana gigas) per station were measured in the field 
and the individuals returned to the sample quadrat. All oysters were measured in the initial quadrat and 
the measurement of oysters in the entire quadrat was repeated until at least 100 individuals were 
measured. The 30 density quadrats were also counted in the field with as little disturbance as possible. In 
the instance where there were less than 100 oysters in the 30 random quadrats, additional random 
quadrats were assessed to ensure that at least 100 oysters were measured at each site. 

It is important to note that C3Oys has been renamed from C3 to differentiate it from the cockle population 
monitoring site C3. For the August 2025 and February 2026 monitoring, K3 was relocated due to a large 
decline in the wild oyster population at the site. The GPS coordinates for the relocated site are presented 
in Appendix 1 (Table A1.2). 

 

1 The monitoring in 2025 was in August 2025, and not October 2025, following a discussion with Watercare Services 
highlighting the importance of more demarked seasons (winter and summer sampling, instead of spring and summer 
sampling) 
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Figure 3.1 Monitoring sites for wild oyster populations and wild cockle populations. 
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Figure 3.2 Oyster Abundance August 2024 to February 2026. Blue panel headers represent sites 
located down-estuary of the outfall and green panel headers represent sites located 
up-estuary of the outfall. 

Figure 3.3 Oyster length August 2024 to February 2026. Blue panel headers represent sites 
located down-estuary of the outfall and green panel headers represent sites located 
up-estuary of the outfall. 
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Figure 3.4 Oyster Size Frequency August 2024 to February 2026. Blue panel headers represent 
sites located down-estuary of the outfall and green panel headers represent sites 
located up-estuary of the outfall. 

 

Mean oyster densities varied substantially among sites and sampling events (Figure 3.2). Densities ranged 
from approximately 3 oysters/0.25 m2 to 26 oysters/0.25 m2 across the five sites. K1 and K3 consistently 
supported the lowest oyster densities, while K2, K4, and C3Oys generally supported higher densities. This 
spatial pattern was maintained throughout the baseline monitoring period despite temporal fluctuations 
in abundance.  

The mean length of wild oysters across the five sites ranged from 35 mm to 51 mm during the baseline 
monitoring programme (Table 3.1). Mean shell lengths showed moderate variation between sampling 
events, with most sites exhibiting fluctuations of less than 10 mm over the two-year period. K2 exhibited 
the largest variation with mean shell length increasing from 35 mm in October 2024 to 47 mm in February 
2026. 

Size-frequency distributions were dominated by oysters approximately 25 to 55 mm shell length. Sites K2 
and K4 exhibited a clear shift towards larger size classes over time, consistent with the increase in mean 
shell length, while the remaining sites maintained relatively similar size distributions throughout the 
monitoring period. 
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Figure 3.5 Cockle Abundance August 2024 to February 2026. Blue panel headers represent sites 
located down-estuary of the outfall and green panel headers represent sites located 
up-estuary of the outfall. 

Figure 3.6 Cockle length August 2024 to February 2026. Blue panel headers represent sites 
located down-estuary of the outfall and green panel headers represent sites located 
up-estuary of the outfall. 
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Figure 3.7 Cockle Size Frequency August 2024 to February 2026. Blue panel headers represent 
sites located down-estuary of the outfall and green panel headers represent sites 
located up-estuary of the outfall. 

 

The mean density of cockle at the five sites varied substantially among sites and sampling events. 
Densities generally increased between October 2024 and February 2025 before declining during the 
subsequent monitoring events. The greatest variation occurred at site C3, where mean density decreased 
from 2251 cockles/m2 in February 2025 to 494 cockles/m2 in February 2026. Site C2 exhibited the lowest 
densities throughout the monitoring period and the least variation, with the mean cockle density ranging 
from 600 to 275 cockles/m2. 

Mean cockle length varied among sites and sampling events. The largest variation was seen at C2, with 
the mean length recorded at 10.2 mm in October 2024 and increasing to 19.7 mm in February 2025, before 
declining slightly in subsequent surveys. Site C3 exhibited a steady increase in mean cockle length 
throughout the monitoring period, white sites C1 and C4 remained relatively stable. At site C5, mean 
cockle length increased between October 2024 and August 2025, before declining in the February 2026 
sampling. Most of the recorded cockle lengths were well below the minimum attractive edible size of 25 
mm. Site C2 had the largest number of edible size cockles, with 14% in February 2025.  

Size-frequency distributions indicate the presence of multiple cohorts at several sites. Site C1 
consistently exhibited a bimodal distribution, particularly during February 2025 and August 2025, with 
distinct peaks centred around 8-12 mm and 18-22 mm. Across all sites, the length generally increased 
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between October 2024 and February 2025, consistent with the growth of resident cockles. Small 
individuals (<10 mm) were present at most sites during the October 2024 and February 2026 sampling 
events, suggesting ongoing recruitment. By February 2026, distributions at most sites had broadened, and 
several exhibited multiple peaks, suggesting the continual presence of both younger and older individuals. 



Date of Issue: 1 July 2026 39 

Clarks Beach Wastewater Treatment Plant upgrade: 

Shellfish baseline monitoring 2024-2026 

Job Number: 68492 

4 REFERENCES 
ANZFA (2001) 

Generally Expected Levels (GELs) for Metal Contaminants: Additional Guidelines to Maximum 
Levels in Standard 1.4.1 – Contaminants and Natural Toxicants. 

ANZFA (2024) 

Australia New Zealand Food Standards Code – Schedule 19: Maximum levels of contaminants 
and natural toxicants. 

APHA (2017) 

Standard methods for the examination of water and wastewater, 23rd Edition. Section 3125 B – 
Metals by ICP-MS. Published by the American Public Health Association. 

Bioresearches (2025a) 

2024 Annual Environmental Monitoring within the Outfalls mixing zone. Job number 67521. 
Report for New Zealand Steel Ltd. 67p. 

Bioresearches (2025b) 

Waiuku Wastewater Treatment Plant – monitoring of oyster quality 2025. Job number 68023. 
Memorandum prepared for Watercare Services Ltd. 9p. 

European Commission. (2011) 

Commission Regulation (EU) No 835/2011 of 19 August 2011 amending Regulation (EC) No 
1881/2006 as regards maximum levels for polycyclic aromatic hydrocarbons in foodstuffs. 
Official Journal of the European Union, L 215, 4–8. 
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32011R0835 

FSANZ (2014) 

Survey of Polycyclic Aromatic Hydrocarbons (PAH) in Australian Foods, Technical report from 
Food Standards Australia New Zealand. 

Hart G., Bird A. and D Clelland (2025) 

Manukau Harbour environment assessment. Evidence base for “Achieving better 
environmental outcomes for the Manukau Harbour’ initiative. Auckland Council Policy 
Department, Natural Environment Strategy Unit. 62p. 

Kelly S and J Kamke (2023) 

Coastal and estuarine water quality in Tamaki Makaurau / Auckland 2021-2022 annual data 
report. Auckland Council technical report, TR2023/19. 

Mills G. (2014) 

Waiuku Estuary: Aquatic environment information review. Prepared by Diffuse Sources Ltd for 
Auckland Council. Auckland Council Technical Report TR2014/003. 

Ministry of Health (1995) 

Microbiological Reference Criteria for Food. Food Administration Manual S. 11: Microbiological 
Criteria Version 2.0 



Date of Issue: 1 July 2026 40 

Clarks Beach Wastewater Treatment Plant upgrade: 

Shellfish baseline monitoring 2024-2026 

Job Number: 68492 

Park S. (2016) 

Comparison of contaminant levels in oysters from Tauranga Harbour in 1990 and 2016 
(Environmental Publication 2016/09). Bay of Plenty Regional Council. 
https://www.boprc.govt.nz 

Stewart M, Gadd J, Ballantine D, and G. Olsen (2013) 

Shellfish contaminant monitoring programme: status and trends analysis 1987-2011. Prepared 
by NIWA for Auckland Council. Auckland Council technical Report TR2013/054. 

USFDA (1993) 

Food and Drug Administration. Guidance document for arsenic in shellfish. 
DHHS/PHS/FDA/CFSAN/Office of Seafood. https://semspub.epa.gov/work/03/2080553.pdf  

Watercare (2024) 

Southwest Subregional Wastewater Treatment Plant Receiving Environment Monitoring 
Programme. Final – June 2024. Prepared by Watercare Services Ltd. 23p. 

 

 

 

 





Date of Issue: 1 July 2026 42 

Clarks Beach Wastewater Treatment Plant upgrade: 

Shellfish baseline monitoring 2024-2026 

Job Number: 68492 

 

 

Figure A 1.1 Map showing the rainfall sites used to determine wet and dry events. 

 

 















































































 

 

Certificate of Analysis Metals & PAH - August 2024  
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Certificate of Analysis Metals & PAH - October 2024 
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Certificate of Analysis Metals & PAH - January 2025 
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Certificate of Analysis Metals & PAH - March 2025 
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Certificate of Analysis Metals & PAH - May 2025 
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Certificate of Analysis Metals & PAH - August 2025 
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Certificate of Analysis Metals & PAH - October 2025 
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Certificate of Analysis Metals & PAH - December 2025 
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Certificate of Analysis Metals & PAH - January 2026 
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Certificate of Analysis Metals & PAH - March 2026 
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Certificate of Analysis Metals & PAH – April 2026 
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Certificate of Analysis Metals & PAH – May 2026 
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Certificate of Analysis Bacteria & virus - August 2024 
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Certificate of Analysis Bacteria & virus - October 2024 
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Certificate of Analysis Bacteria & virus – January 2025 
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Certificate of Analysis Bacteria & virus – March 2025 
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Certificate of Analysis Bacteria & virus – May 2025 
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Certificate of Analysis Bacteria & virus – August 2025 
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Certificate of Analysis Bacteria & virus – October 2025 
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Certificate of Analysis Bacteria & virus – December 2025 
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Certificate of Analysis Bacteria & virus – January 2026 
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Certificate of Analysis Bacteria & virus – March 2026 
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Certificate of Analysis Bacteria & virus – April 2026 
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Certificate of Analysis Bacteria & virus – May 2026 
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Figure A 4.1 Cockle abundance across monitoring area of Site C1 
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Figure A 4.2 Cockle abundance across monitoring area of Site C2 
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Figure A 4.3 Cockle abundance across monitoring area of Site C3 
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Figure A 4.4 Cockle abundance across monitoring area of Site C4 
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Figure A 4.5 Cockle abundance across monitoring area of Site C5
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Applicability and Limitations 

Restrictions of Intended Purpose 

This report has been prepared solely for the benefit of Watercare Services Ltd Services as our client with 
respect to the brief. The reliance by other parties on the information or opinions contained in the report 
shall, without 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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Insert  cockles density by site.
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 Auckland 

Address | Level 4, 68 Beach Road, Auckland 1010 

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

Ph | 64 9 379 9980 

Fax | +64 9 377 1170 

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 | +64 7 850 7010 

Fax | +64 9 377 1170 

Email | contact-us@babbage.co.nz 

 

Christchurch 

Address | 128 Montreal Street, Sydenham, Christchurch 8023 

Post | PO Box 2373, Christchurch 8140, New Zealand 

Ph | +64 3 379 2734 

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 
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Disclaimer 

This report has been prepared based on the information described to Coast and 

Catchment Ltd by the client, and its extent is limited to the scope of work agreed 

between these two parties. No responsibility is accepted by Coast and Catchment Ltd 

or its directors, servants, agents, staff or employees for the accuracy of information 

provided by third parties, and/or for the use of any part of this report for purposes 

beyond those described in the scope of work. The information in this report is 

intended for use by the client and no responsibility is accepted for its use by other 

parties. 
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3 EXECUTIVE SUMMARY 

Watercare Services Ltd (Watercare) have consent for the construction of a new wastewater 

outfall in Waiuku Channel, Manukau Harbour, and for the discharge of treated wastewater. 

Watercare is required by the conditions of consent to carry out baseline monitoring of the 

coastal receiving environment for at least two years prior to the commencement of 

discharges from the new outfall.  

Two years of baseline monitoring were carried out between June 2024 and June 2026 that 

included: 

▪ monthly sampling for general water quality at 10 sites, and phytoplankton at six 

sites; 

▪ 24-hour monitoring of dissolved oxygen at a site below the newly consented outfall 

site in December 2024, March, May and December 2025, and March and May 

2026; 

▪ sampling and characterisation of intertidal benthic macroinvertebrate communities 

at nine intertidal sites arranged along a gradient from above the outfall, to central 

harbour areas on both sides of the Waiuku Channel;  

▪ sampling and analysis of sediment characteristics and quality at the nine intertidal 

sites where ecological samples were collected; 

▪ 50 underwater video transects between Tokaroa Reef and the Taihiki Creek 

confluence, for the analysis of biogenic and physical features.  

Water quality 

Results show that water quality at the remote Whatapaka (WQ 8) reference site1 was much 

poorer than in all other sites. The WQ 8 site had higher concentrations of NHx-N, TN, TP, TSS 

and turbidity.  Occasional large spikes in TON, TIN, chlorophyll a, enterococci, and faecal 

coliforms were also observed at that site. 

Concentrations of all forms of nitrogen (NHx-N, TON, TIN, and TN) were similar among all 

other sites (hereafter referred to as “Clarks Beach sites”), and temporal patterns in each 

form were highly correlated.  NHx-N concentrations were commonly below detection limits 

between June 2024 and April 2025. Increases between May and December 2025 and 

February to June 2026 resulted in higher NHx-N concentrations in the 2025–26 monitoring 

year than the 2024–25 year. 

Total oxidised nitrogen concentrations were considerably higher than NHx-N concentrations, 

and therefore, had the greatest influence on TIN concentrations. Cyclical patterns were 

apparent in TON and TIN, with low summer and high winter concentrations, including a 

particularly strong peak in July–August 2025, which led to higher pooled concentrations in 

the 2025–26 year. Total nitrogen also displayed a strong peak around the same time, but 

clear cyclical patterns were not apparent.  

All the Clarks Beach sites had similar DRP concentrations, and temporal patterns were highly 

correlated among the sites.  Cyclical patterns were evident in DRP concentrations, but the 

 

1 Situated at the mouth of Clarks Creek, that leads to Kingseat. 
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periodicity differed slightly from that of TON and TIN, with lowest concentrations occurring in 

late spring and highest concentrations in autumn.  Total phosphorus concentrations were 

also similar among sites.   

There was little difference in pooled chlorophyll a concentrations among most of the Clarks 

Beach monitoring sites. However, the 1 km North (WQ 6) site was unusual in that chlorophyll 

a concentrations never exceeded 0.003 mg/L.  Concentrations at other Clarks Beach sites, 

including the 3 km North (WQ 7) site, were more variable and all displayed a strong spike in 

chlorophyll a concentrations in November 2025, which reached 0.013 to 0.017 mg/L.   

Temporal variation in TSS concentrations and turbidity were correlated, with little difference 

among the Clarks Beach sites. Slight increasing trends in median DO saturation, salinity, and 

pH levels were apparent along the spatial gradient from southern to northern Clarks Beach 

sites, but site differences in DO concentrations and temperature were negligible. 

In 2025–26, enterococci concentrations exceeded the Alert level guideline for contact 

recreation once at the Taihiki (WQ 10) site and twice at the Whatapaka (WQ 8) site, and 

exceeded the Action level guidelines once at the Whatapaka (WQ 8) site. 

Diurnal variation in dissolved oxygen 

Temporal variation in dissolved oxygen over the 24-hour sampling period was much greater 

than variation among sampling depths.  A pronounced diurnal pattern in DO saturation and 

concentration was recorded in December 2025, with oxygen levels increasing during the day 

and declining overnight.  Increases in daytime oxygen levels were also recorded in March 

and May 2025, but levels fluctuated overnight.  

Phytoplankton 

Overall, a total of 99 phytoplankton taxa from 12 phyla or other general high-order groups 

were identified in samples collected in 2025–26.  The top 10 genera by cell concentration 

included two genera from the flagellates-unicells group, five diatom genera, and three 

dinoflagellate genera.  For cell volume, the top 10 genera included two genera from the 

flagellates-unicells group, six diatom and two dinoflagellate genera. Seasonal cycles were 

apparent in total phytoplankton taxa, and cell concentrations and biovolumes with: highest 

biovolumes in spring–early summer (Nov–Dec); highest cell concentrations in mid to late 

summer (Feb–Mar), and low taxa diversity in winter. 

In 2025–26, potentially toxic filamentous cyanobacteria (Anabaena sp.) were detected at all 

phytoplankton sampling sites in December 2025. Other known toxic species obtained in 

2025–26, included Alexandrium minutum, Gymnodinium catenatum, and Prorocentrum 

lima. It is possible that other potentially toxic taxa from the Alexandrium, Karenia, Pseudo-

nitzschia, Gymnodinium and Dinophysis genera were also present, but those taxa were not 

identified to species levels. 

Sediment quality 

Sediments at the Ngahere site, on the eastern side of the main channel, had the highest 

proportion of mud (48%).  On that side of the channel, a clear demarcation in sediment 

characteristics occurred around the entrance to Waiuku River (between Tokaroa and Karaka 

Points), with sediment mud content decreasing in the northern sites in the main body of the 
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harbour.  A similar change occurred on the western side of the channel, with a marked 

difference occurring between the Rauau and Tokaroa North sites (Tokaroa North had the 

lowest proportion of mud of any site).  However, mud content increased again between the 

Tokaroa North and Wairoa Point sites.  All sites had moderate to high percentages of sand 

(51–99%), with the Tokaroa North and Clarks Beach sites having the highest percentage 

(95–96%).   

Mud, TOC, TP and TN concentrations were highly correlated, and therefore all four 

parameters displayed similar spatial patterns to those described above for mud content. 

Intertidal benthic macrofauna 

A diverse assemblage of intertidal macrofauna was identified, with 18,735 individuals and 

90 taxa collected from the nine monitoring sites. The abundance of individual taxa and 

results from four indicators of ecological diversity and abundance varied among sites.  In 

summary: 

▪ Twenty taxa comprised around 92% of all individuals collected, with the nut shell 

Linucula hartvigiana being the most abundant taxa, followed by cockles 

(Austrovenus stutchburyi), and the polychaete Aonides trifida. 

▪ Clear spatial patterns were not apparent in any of the indicators of community 

diversity and abundance, apart from the Clarks West site appearing to have more 

within site variability than the other sites. 

▪ Multivariate nMDS, cluster and SIMPROF analyses of the benthic community data 

showed that most sites could be differentiated from other sites based on their 

community composition.  However, the following sites had communities that could be 

loosely grouped based on their positions on MDS plots:  

o sites on the outer, western side of the main channel (Tokaroa North and 

Wairoa Point); 

o the three Clarks sites from the outer, eastern side of the channel (Clarks 

West, Lower Clarks Beach, Clarks Beach); 

o Inner channel sites (Ohiku Creek, Rauau North, Waiau, and Ngahere) with the 

Ohiku Creek & Rauau North sites being most similar. 

▪ Combined Health Scores of all sites, except Tokaroa North, were ranked as ‘fair’.  The 

Tokaroa North site was ranked as ‘good’. 

Shellfish 

In October 2025, totals of 2918 cockles, 511 wedge shells (Macoma liliana) and five pipi 

(Paphies australis) were collected. The majority of cockles were very small, with 77% being 

less than 5 mm in length (c.f. 75% in 2024), and none were considered to be of ‘harvestable’ 

size (>30 mm). Similarly, the majority (65%) of wedge shells were less than 5 mm long in 

2025 (c.f. 73% in 2024). 

Subtidal habitats and biogenic features 

Visibility in 2026 varied from exceptionally poor to reasonable, despite calm conditions and 

extended periods of dry weather prior to the survey dates. Hard substrates were the most 



9 

 

frequently observed substrate, with contiguous reef observed in 44% of the transects, patchy 

reef observed in 24% of the transects, gravelly rubble observed in 34% of the transects, and 

shell hash observed in 32% of the transects. Overall, hard substrates were found in 90% of 

transects, whereas primarily soft substrates were only found in 30% of transects. Soft 

substrates were generally found in the shallow areas at the edges of the channel, whereas 

hard substrates were more common in the deeper areas in the middle of the channel. 

Sponges and bryozoans were the most common and widespread groups observed in video 

footage. Sponges were observed in 86% of the transects, followed by bryozoans (72%), 

scallops (36%) and macroalgae (26%). The percentage occurrences of sponges and 

bryozoans in 2026 were similar to those in 2025. Sponges were observed throughout the 

survey area, except for the southernmost section. The diversity and abundance of sponges 

on hard substrates were moderate. Bryozoans were also observed throughout the survey 

area in high abundance on hard substrates, but diversity appeared to be low. Ascidians were 

uncommon and limited to the outer part of the survey area. Similarly, scallops were 

restricted to certain areas. Macroalgae were found throughout the survey area but were 

uncommon. Ecological complexity was generally highest in the outer parts of the channel and 

lowest upstream. Complexity was typically highest on hard substrates (reef, rubble and shell 

hash).  

Overall, monitoring results from June 2024–June 2026 provide a baseline for detecting 

future changes in water and sediment quality, and benthic ecology.  Importantly, none of the 

univariate and multivariate water quality and phytoplankton plots from sites upstream and 

downstream of the WWTP discharge displayed patterns indicative of the discharge having a 

marked adverse effect.  Patterns in the ecological results appear consistent with the 

environmental gradient from tidal river to central harbour intertidal flats, and variation in 

subtidal seabed substrates.  
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4 BACKGROUND 

Until recently, treated wastewater from the Clarks Beach Wastewater Treatment Plant 

(WWTP) has been discharged via a stormwater drain onto the Clarks Beach golf course, 

where it flowed through a series of reservoirs and wetlands before being discharged onto the 

intertidal zone of Waiau Beach. In late June 2026, discharges of treated wastewater were 

diverted through a new outfall in the Waiuku Channel (Figure 1).  

Before discharges from the new outfall could commence, Watercare was required to conduct 

baseline monitoring of the coastal receiving environment for at least two years. This report 

presents the second year’s monitoring results for water and sediment quality, and marine 

benthic ecology as specified in the certified Receiving Environment Monitoring Plan (REMP; 

Watercare 2024). 

Figure 1. Location of the Clarks Beach WWTP, the existing outfall, and the new outfall. 
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5 WATER QUALITY 

5.1 METHODS 

5.1.1 MONITORING PERIOD AND SITES 

Ten sites were monitored monthly for water quality between June 2024 and June 2026 

(Figure 2).  These included eight sites arranged along an approximately 7.5 km gradient from 

south of Glenbrook Beach to Kellys Landing in the central harbour, one site in the Taihiki 

River, and a remote reference site near the mouth of Whatapaka Creek: 

▪ Upper Waiuku (WQ9);  

▪ Taihiki (WQ10). 

▪ 1 km south and north (upstream and downstream) of the outfall (WQ1 and WQ6); 

▪ 250 m south and north (upstream and downstream) of the outfall (WQ2 and WQ5); 

▪ 50 m south and north (upstream and downstream) of the outfall (WQ3 and WQ4); 

▪ 3 km north (downstream) of the outfall (WQ7); 

▪ A remote reference site, Whatapaka (WQ8). 

Coordinates for the sites are given in Table 11 in the Appendices. 

5.1.2 WATER QUALITY SAMPLING METHODS 

All sites, except for WQ8, were sampled monthly by Coast and Catchment via boat. WQ8 was 

sampled by Auckland Council as part of their monthly helicopter run. Sampling was 

conducted within 1.5 hours of mid-tide, in accordance with the methods outlined in REMP. At 

each site: 

▪ Field measurements were taken for salinity, conductivity, dissolved oxygen, water 

temperature, and pH using calibrated YSI ProSolo and Pro 10 field meters. 

▪ Water samples were collected, transferred to cooler bins, and transported to 

Watercare Laboratories on the day of collection.  Samples were analysed for NHx-N, 

TON, TIN, TN, DRP, TP, chlorophyll a, TSS, turbidity, enterococci, and faecal coliforms.  

Laboratory measurements of pH, salinity and conductivity were also made.  

▪ General observations were made on:  

o the presence of any conspicuous oil or grease films, foam scums, or 

floating/suspended materials; 

o weather and water conditions; 

o any sampling issues; 

o date and time of sampling and tide time. 

As the data only covered two years, statistical analyses were not conducted.  Rather, water 

quality data from both years were plotted and spatial and temporal patterns were visually 

assessed. Plotting and visual analysis of water quality results were carried out using RStudio 

and the tidyverse package (Wickham et al. 2019). 
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5.1.2.1 LABORATORY ANALYTICAL CHANGES 

From 1 March 2026, Watercare Laboratory Services transitioned Total Phosphorus (TP) and 

Dissolved Reactive Phosphorus (DRP) testing to new analytical instrumentation as part of a 

planned replacement of older equipment. Marine and brackish water samples are now 

analysed using the FIAlab method, which is the NEMS reference method for phosphorus 

analysis. While detection limits did not change, method validation identified a potential step 

change between the old and new instrumentation, meaning results after 1 March 2026 may 

not be directly comparable with historical data and any long-term trend assessments should 

take this change into consideration. 

Figure 2. Location of the water quality monitoring sites. 
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5.1.3 DISSOLVED OXYGEN SAMPLING 

Dissolved oxygen measurements were taken every two hours over a 24-hour period at a site 

with a low tide depth of approximately 12 m (beside the 250 m North (WQ 5) water quality 

site; see Figure 2). Monitoring was carried out on three occasions: 16–17 December 2025, 

11–12 March 2026 and 11–12 May 2026. The sampling periods were chosen to cover 

times when chl a concentrations are typically highest (Dec–Mar) and lowest (May). Readings 

were taken using a hand-held YSI ProSolo dissolved oxygen meter with a 20 m sensor cable.  

The weighted sensor was clipped to, and fed down, a heavily weighted vertical line. 

Measurements were taken at every metre of depth.  Dissolved oxygen data were plotted and 

visually assessed. 

5.1.4 PHYTOPLANKTON 

Monthly phytoplankton sampling was conducted at six sites (WQ2, WQ5, WQ6, WQ7, WQ9, 

WQ10). A depth-integrated water sample was taken from the top 5 m of the water column. 

Samples were transferred to dark containers, chilled, and transported to Earth Sciences New 

Zealand in Hamilton for analysis on the day of collection. Samples were analysed for: 

▪ harmful microalgae; 

▪ cyanobacteria; 

▪ numerically dominant phytoplankton species. 

For each site, maximum cell counts (cells/mL) of potentially harmful microalgae listed in 

Table 2 of the Regulated Control Scheme for Bivalve Molluscan Shellfish for Human 

Consumption (Ministry for Primary Industries 2024) were converted to cells/L and compared 

against trigger values for flesh testing on marine farms.  Counts of potentially toxic 

cyanobacteria were also provided, along with information on where and when they were 

detected.   

Variation in taxa diversity and the total cell counts of all phytoplankton, and the 12 taxa with 

the highest mean cell counts were plotted to examine variation over time and among sites. 

Finally, non-metric multidimensional scaling (MDS) was used to examine variation in 

phytoplankton community composition. 

5.2 WATER QUALITY RESULTS 

5.2.1 GENERAL WATER QUALITY 

Spatial and temporal variation in monitored indicators of general water quality are provided 

in Figure 3 to Figure 20.  As the data only covers two years, statistical analyses were not 

conducted.  However, preliminary observations show that water quality at the Whatapaka 

(WQ 8) site is much poorer than all other sites (Figure 6 to Figure 20).  The Whatapaka (WQ 

8) site had higher concentrations of NHx-N, TN, TP, TSS and turbidity.  Occasional large 

spikes in TON, TIN, chlorophyll a, enterococci, and faecal coliforms were also observed at 

that site.   

Plotted data indicated that the concentrations of all forms of nitrogen (NHx-N, TON, TIN, and 

TN) were similar among the Clarks Beach sites, and that temporal patterns in each form 

were highly correlated among those sites (e.g. see Figure 21).  Plots of NHx-N concentrations 

were low (commonly below detection limits) between June 2024 and April 2025 (Figure 6).  
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However, a pulse of higher concentrations occurred between May and December 2025, with 

concentrations increasing again from February to June 2026.  That pattern resulted in higher 

NHx-N concentrations in the 2025–26 monitoring year than in 2024–25 (Figure 3). 

Total oxidised nitrogen concentrations were considerably higher than NHx-N concentrations, 

and therefore, had the greatest influence on TIN concentrations. Cyclical patterns were 

apparent in TON and TIN with low summer and high winter concentrations, including a 

particularly strong peak in July–August 2025 (Figure 7 & Figure 8), which led to higher 

pooled concentrations in 2025–26 (Figure 3). Total nitrogen also displayed a strong peak 

around the same time, but clear cyclical patterns were not apparent (Figure 3 & Figure 9).  

Likewise, all the Clarks Beach sites had similar DRP concentrations, and temporal patterns 

were highly correlated among the sites (Figure 4, Figure 10 & Figure 22).  Cyclical patterns 

were evident in DRP concentrations, but the periodicity differed slightly from that of TON and 

TIN, with lowest concentrations occurring in late spring and highest concentrations in 

autumn (Figure 10).  Total phosphorus concentrations were also similar among sites (Figure 

4).  Cyclical patterns generally aligned with those of DRP in sites upstream of the 250 m 

North site, but temporal patterns were more variable at that site and the outer channel sites 

(Figure 11).  

There was little difference in pooled chl a concentrations among most of the Clarks Beach 

monitoring sites (Figure 4). However, the 1 km North (WQ 6) site was unusual in that chl a 

concentrations never exceeded 0.003 mg/L.  Concentrations at other Clarks Beach sites, 

including the 3 km North (WQ 7) site, were more variable and all displayed a strong spike in 

chl a concentrations in November 2025, which reached 0.013 to 0.017 mg/L.  Except for 

one occasion at the Upper Waiuku (WQ 9 site), concentrations varied between 0.001 and 

0.006 mg/L at other times (Figure 12).  Concentrations at WQ 9 were 0.01 mg/L in 

December 2025 (Figure 12). 

Temporal variation in TSS concentrations and turbidity were correlated, with little difference 

among the Clarks Beach sites (Figure 4, Figure 13 & Figure 14). Site variation in both 

parameters was also highly correlated. Boxplots show slight increasing trends in median DO 

saturation, salinity, and pH levels along the spatial gradient from southern to northern Clarks 

Beach sites, but site differences in DO concentrations and temperature were negligible 

(Figure 5).  

Enterococci concentrations were mostly below detection limits, but the Alert level microbial 

guideline for contact recreation was exceeded once at the Taihiki (WQ 10) site and twice at 

the Whatapaka (WQ 8) site over the past two years. The Action level guideline was also 

exceeded once at the Whatapaka (WQ 8) site (Figure 19).  Faecal coliform concentrations at 

the Clarks Beach sites varied from below detection limits (41% of samples) to 64 cfu/100 

mL, which was recorded at the 50 m South (WQ 3) site in June 2025 (Figure 20).   
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Figure 3:  Boxplots showing annual concentrations of the various forms of nitrogen obtained from monitoring sites upstream (south) and downstream (north) of the 

new outfall location. Boxes show medians and 25th to 75th percentile ranges, whiskers are 10th and 90th percentiles, points are outliers.   
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Figure 4: Boxplots showing annual concentrations of dissolved reactive and total phosphorus, chlorophyll a, and total suspended solids obtained from monitoring 

sites upstream (south) and downstream (north) of the new outfall location. Boxes show medians and 25th to 75th percentile ranges, whiskers are 10th and 90th 

percentiles, points are outliers.   
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Figure 5: Boxplots showing annual field measurements obtained from monitoring sites upstream (south) and downstream (north) of the new outfall location. Boxes 

show medians and 25th to 75th percentile ranges, whiskers are 10th and 90th percentiles. Outliers are excluded.   
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Figure 6: Temporal variation in total ammoniacal-N. Sites are ordered from upstream 

to downstream, with those above the consented outfall having green headers and 

those below having blue headers. The remote Whatapaka site is coloured khaki. 

 

Figure 7: Temporal variation in total oxidised nitrogen. Sites are ordered from 

upstream to downstream, with those above the consented outfall having green 

headers and those below having blue headers. The remote Whatapaka site is coloured 

khaki. 
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Figure 8: Temporal variation in total inorganic nitrogen.  Sites are ordered from 

upstream to downstream, with those above the consented outfall having green 

headers and those below having blue headers. The remote Whatapaka site is coloured 

khaki. 

 

Figure 9: Temporal variation in total nitrogen.  Sites are ordered from upstream to 

downstream, with those above the consented outfall having green headers and those 

below having blue headers. The remote Whatapaka site is coloured khaki. 
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Figure 10: Temporal variation in dissolved reactive phosphorus.  Sites are ordered 

from upstream to downstream, with those above the consented outfall having green 

headers and those below having blue headers. The remote Whatapaka site is coloured 

khaki. 

 

Figure 11: Temporal variation in total phosphorus.  Sites are ordered from upstream to 

downstream, with those above the consented outfall having green headers and those 

below having blue headers. The remote Whatapaka site is coloured khaki. 
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Figure 12: Temporal variation in chlorophyll a.  Sites are ordered from upstream to 

downstream, with those above the consented outfall having green headers and those 

below having blue headers. The remote Whatapaka site is coloured khaki. 

 

Figure 13: Temporal variation in total suspended solids.  Sites are ordered from 

upstream to downstream, with those above the consented outfall having green 

headers and those below having blue headers. The remote Whatapaka site is coloured 

khaki. 
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Figure 14: Temporal variation in turbidity.  Sites are ordered from upstream to 

downstream, with those above the consented outfall having green headers and those 

below having blue headers. The remote Whatapaka site is coloured khaki. 

 

Figure 15: Temporal variation in pH.  Sites are ordered from upstream to downstream, 

with those above the consented outfall having green headers and those below having 

blue headers. The remote Whatapaka site is coloured khaki. 
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Figure 16: Temporal variation in dissolved oxygen saturation.  Sites are ordered from 

upstream to downstream, with those above the consented outfall having green 

headers and those below having blue headers. The remote Whatapaka site is coloured 

khaki. 

 

Figure 17: Temporal variation in salinity measured in the field.  Sites are ordered from 

upstream to downstream, with those above the consented outfall having green 

headers and those below having blue headers. The remote Whatapaka site is coloured 

khaki. 
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Figure 18: Temporal variation in water temperature.  Sites are ordered from upstream 

to downstream, with those above the consented outfall having green headers and 

those below having blue headers. The remote Whatapaka site is coloured khaki. 

 

Figure 19: Temporal variation in enterococci. Sites are ordered from upstream to 

downstream, with those above the consented outfall having green headers and those 

below having blue headers. The remote Whatapaka site is coloured khaki. 
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Figure 20: Temporal variation in faecal coliforms.  Sites are ordered from upstream to 

downstream, with those above the consented outfall having green headers and those 

below having blue headers. The remote Whatapaka site is coloured khaki. 
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Figure 21: Correlation matrix showing the relationships between total inorganic nitrogen 

concentrations obtained from the Waiuku Channel and Taihiki monitoring sites. 
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Figure 22: Correlation matrix showing the relationships between dissolved reactive phosphorus 

concentrations obtained from the Waiuku Channel and Taihiki monitoring sites. 

 

5.2.2 DISSOLVED OXYGEN 

Depth profiles in dissolved oxygen saturation and concentrations were monitored for 24 

hours in December 2025, March 2026, and May 2026.  In all three months, variation over 

the 24 hours was much greater than variation among sampling depths.  In December, a 

pronounced diurnal pattern in oxygen levels was recorded with DO saturation and 

concentration increasing during the day and declining overnight.  Increases in daytime 

oxygen levels were also recorded in March and May, but levels fluctuated overnight.  

Dissolved oxygen saturation was highest in summer (December), while concentrations were 

highest in late autumn when water temperature was cooler (May) (Figure 23).  Oxygen 

saturation and concentrations also tended to be highest at the surface and decline slightly 

with depth. 
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Figure 23:  Twenty-four-hour depth profiles of dissolved oxygen: A. saturation; and, B. concentration 

from December 2025, March 2026, and May 2026.   

 

5.2.3 PHYTOPLANKTON 

Fourteen potentially toxic phytoplankton taxa2 have been recorded since monitoring began in 

July 2024: Alexandrium minutum, Alexandrium ostenfeldii, Alexandrium pacificum, 

Alexandrium sp., Alexandrium spp., Anabaena sp., Azadinium sp._analogue, Dinophysis spp., 

Gymnodinium catenatum, Gymnodinium sp., Gymnodinium spp., Karenia sp., Pseudo-

nitzschia sp. and Pseudo-nitzschia spp.  

In 2025–26, potentially toxic filamentous cyanobacteria from the Anabaena genus were 

detected at all phytoplankton sampling sites in December 2025. Other known toxic species 

obtained from phytoplankton samples in 2025–26 included: Alexandrium minutum, 

Gymnodinium catenatum, and Prorocentrum lima. Other potentially toxic taxa from the 

 

2 Taxa within a genus that contains toxic species, but were only identified to genus level were 

regarded as potentially toxic. 
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Alexandrium, Karenia, Pseudo-nitzschia, Gymnodinium and Dinophysis genera were also 

present, but were not identified to species level (Table 1).   

Plots show seasonal cycles in total phytoplankton taxa, and cell concentrations and 

biovolumes with: highest biovolumes in spring–early summer (Nov–Dec); highest cell 

concentrations in mid to late summer (Feb–Mar), and low taxa diversity in winter (Figure 25).  

Diatoms (Bacillariophyceae), dinoflagellates (Dinoflagellata), flagellates/unicells were 

consistently present in water quality samples, while other higher-order phyla/taxa groups 

were rarely to occasionally present (Figure 26). Overall, a total of 99 phytoplankton taxa from 

12 phyla or other general high-order groups3 were identified in samples collected in 2025–

26.   

The top 10 genera by cell concentration included two genera from the flagellates-unicells 

group, five diatom genera, and three dinoflagellate genera (Figure 25).  For cell volume, the 

top 10 genera included two genera from the flagellates-unicells group, six diatom genera and 

two dinoflagellate genera (Figure 26).  

On average, the two dominant taxa groups by cell count were flagellates-unicells, and small 

flagellates-unicells, which contributed 78% of the total number of cells/ml (42% and 36%, 

respectively).  Other taxa of note were the cyanobacteria Anabaena sp., which contributed an 

average of 5% to the average number of cells (although that was related to very high 

numbers on a single occasion—Dec 2025), and the diatoms Chaetoceros curvisetus + 

Chaetoceros spp., which together contributed 3%. However, those five taxa combined only 

contributed 5% towards the average biovolume, with flagellates-unicells, and small 

flagellates-unicells providing 3.5%.  All other taxa made average contributions of less than 

1% to total cell counts. 

Average biovolumes were dominated by the contributions of five taxa, which together 

contributed >70%: the diatoms, Trieres chinensis (32%), Coscinodiscus granii (13%), 

Rhizosolenia styliformis (12%), Guinardia striata (5%), and the dinoflagellate Noctiluca sp. 

(8%).  Six other taxa had average contributions of more than 1%: the diatoms Pseudosolenia 

sp. (3%) and Rhizosolenia pungens (3%), the dinoflagellate Alexandrium frateculus (2%), 

Flagellates/Unicells <5 µm (2%), Small Flagellates Unicells (2%), and the ciliophoran 

Myrionecta rubra (2%). All other taxa made average contributions of less than 1% to total 

biovolumes.  Multidimensional scaling showed that similar temporal shifts in overall 

community composition occurred at all sites (Figure 29).  Importantly, none of the univariate 

and multivariate plots from sites upstream and downstream of the WWTP discharge 

displayed patterns that indicate phytoplankton cell concentrations or biovolumes were 

affected by the discharge. 

 

 

3 Diatoms (Bacillariophyceae), Dinoflagellates (Dinoflagellata), Flagellates/Unicells, Autotrophic ciliate, 

Flagellates, Silicoflagellate, Raphidophytes, Blue greens (Cyanobacteria), Ciliophora (autotrophic), 

Eugleniods (Euglenozoa), Golden-brown algae (Chrysophyceae). 
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Figure 24: Plots of cell counts for toxic or potentially toxic taxa, with action levels for listed species in 

the Regulated Control Scheme for Bivalve Molluscan Shellfish for Human Consumption (Ministry for 

Primary Industries 2024) provided for reference. Sites are ordered from up-river to down-river, with 

those above the consented outfall coloured green and those below coloured blue. 
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Figure 24: Plots of cell counts for toxic or potentially toxic taxa, with action levels for listed species in 

the Regulated Control Scheme for Bivalve Molluscan Shellfish for Human Consumption (Ministry for 

Primary Industries 2024) provided for reference. Sites are ordered from up-river to down-river, with 

those above the consented outfall coloured green and those below coloured blue. continued: Plots of 

cell counts for toxic or potentially toxic taxa, with action levels for listed species in the Regulated 

Control Scheme for Bivalve Molluscan Shellfish for Human Consumption (Ministry for Primary 

Industries 2024) provided for reference. Sites are ordered from up-river to down-river, with those 

above the consented outfall coloured green and those below coloured blue. 
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Figure 25: Variation in total phytoplankton taxa, cell concentrations and biovolumes among sites and 

over time. Sites are ordered from up-river to down-river, with those above the consented outfall 

coloured green and those below coloured blue. 
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Figure 26: Variation in total biovolumes of phyla/taxa groups by site and date. Sites are ordered from 

up-river to down-river, with those above the consented outfall coloured green and those below 

coloured blue. 
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Figure 27 Variation in total cell concentrations of the top 10 genera/taxa groups by site and date. 

Sites are ordered from up-river to down-river, with those above the consented outfall coloured green 

and those below coloured blue. 
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Figure 28: Variation in the total biovolumes of the top 10 genera/groups by site and date. Sites are 

ordered from up-river to down-river, with those above the consented outfall coloured green and those 

below coloured blue. 
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Figure 29: MDS showing variation in microalgal community composition, based on monthly total 

microalgae biovolumes grouped by taxa (mm3/L) at the six SW Manukau water quality monitoring 

sites.  Note that the MDS was carried out on all sites combined, but sites have been plotted 

separately for clarity.  Sites are ordered from up-river to down-river, with those above the consented 

outfall having green headers and those below having blue headers. 
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6 BENTHIC ECOLOGY AND SEDIMENT QUALITY  

6.1 METHODS 

6.1.1 MONITORING SITES 

Benthic macrofaunal and sediment quality sampling is carried out at eight intertidal, 

sand/mudflat sites, including four sites on the eastern side of Waiuku Channel and four sites 

on the western side of the channel (Figure 30). The sites are arranged to cover the gradient 

from above the outfall to central harbour areas on both sides of Waiuku Channel.  In 

addition, data from Auckland Council’s Clark Beach monitoring site is used to provide 

information from a remote reference site. Coordinates for the monitoring sites are provided 

in Table 11 in the Appendices.  Images of each site are provided in Figure 31 and Figure 32. 

Figure 30. Amendments to the originally proposed site locations and perimeter shapes. 
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Figure 31:  Images of the benthic ecological monitoring sites on the western side of Waiuku Channel. 
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Figure 32:  Images of the benthic ecological monitoring sites on the eastern side of Waiuku Channel. 
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6.1.2 RANDOMISATION OF SAMPLES 

Randomised sample stations were generated for each site using ARCGIS Pro. Each site was 

subdivided into 12 near-equal-sized areas using the “subdivide polygon” tool.  One random 

station per subdivision (with the minimum distance between stations set to 20 m) was then 

generated in QGIS using the “Random points in polygons” tool. 

6.1.3 ECOLOGICAL SAMPLING AND SAMPLE PROCESSING 

Sampling was conducted on 6–10 October 2025, in accordance with the methods outlined 

in the REMP. That is: 

▪ Each monitoring site was located on the mid to lower shore and contained relatively 

uniform habitat. Each site was divided into 12 equal sectors (see Section 6.1.2), with 

one macrofaunal core (13 cm diameter by 15 cm deep) collected from a random 

position within each sector. 

▪ Adjacent to every second macrofaunal core: 

o two sediment cores (2 cm deep, 2 cm diameter) were collected, with one 

added to a composite sample for the determination of grain size and the 

analysis of organic content (matter), and the other added to a composite 

sample for the determination of chl a concentrations (each ‘final’ sample is 

the composite of six pooled cores); 

o one surface sediment sample (2 cm deep) was collected using a plastic 

scoop for the analysis of heavy metals, polyaromatic hydrocarbons (PAH), TN, 

TP and total organic carbon; 

▪ Macrofaunal cores were sieved through a 500 µm mesh, and the retained fauna was 

preserved with 100% isopropyl alcohol and sent to Earth Sciences New Zealand 

Hamilton for sample sorting, taxa identification, and enumeration in accordance with 

Auckland Council monitoring protocols. 

▪ Sediment samples were obtained from the Clarks Beach site for the analysis of 

heavy metals, polyaromatic hydrocarbons (PAH), TN, TP and total organic carbon, but 

macrofaunal and other sediment data were provided by Auckland Council. 

▪ Common bivalves (cockles (Austrovenus stutchburyi), pipi (Paphies australis) and 

wedge shells (Macomona liliana)) were measured (longest shell dimension) and 

assigned to size classes (<5 mm, 5–10 mm, 10–15 mm, 15–20 mm, 20–30 mm, 

30–40 mm, 40–50 mm and >50 mm). 

▪ Photos and site notes were taken of each site, e.g., presence of birds, plants, benthic 

microalgae, and epifaunal species. 

6.1.4 SEDIMENT QUALITY ANALYSIS 

The refrigerated sediment samples were transported to Watercare Laboratory Services within 

24 hours of collection. Three replicates per site were sieved to 500 µm, freeze-dried, and 

homogenised, then analysed for TN, TP, heavy metals, and total organic carbon in 

accordance with Auckland Council methods (note that samples were not analysed for PAHs 

in 2025).  
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The analyses of sediment samples for total organic matter, grain size and chl a 

concentration were carried out by Earth Sciences New Zealand, using Auckland Council’s 

standard procedures, as outlined below:  

▪ Total organic matter (as ash-free dry weight): approximately 5 g of sediment was 

placed in a dry, pre-weighed tray and dried at 60°C until a constant weight is 

achieved (sample weight is taken after ~40 hours and then again after 48 hours). 

Samples were then ashed for 5.5 hours at 400°C (Mook & Hoskin 1982) and 

reweighed.  

▪ Grain-size: samples were homogenised and a subsample of approximately 5 g of 

sediment taken. Subsamples were digested in 6% hydrogen peroxide until all organic 

matter was removed and sampled by wet sieving and pipette analysis (Gatehouse 

1971). Pipette analysis was used to separate the sediment into seven size fractions: 

gravel (>2 mm), coarse sand (500–2000 µm), medium sand (250–500 µm), fine 

sand (125–250 µm), very fine sand (62.5–125 µm), silt (3.9–62.5 µm) and clay 

(<3.9 µm). 

▪ Chlorophyll a: sediment samples were freeze-dried, weighed, then homogenised and 

subsampled (~0.5 g) for analysis. Chlorophyll a was extracted by boiling the sediment 

in 90% ethanol, and the extract was processed using a spectrophotometer (Sartory & 

Grobbelaar 1984).  

6.1.4.1 ANALYTICAL CHANGES 

From 10 November 2025, Watercare switched from using discrete analyser testing for TN in 

solids to an upgraded CNS elemental analyser instrument.  The new instrument provides a 

more robust analysis method, with improved minimum detection limits and enhanced 

accuracy, which ensures better alignment with other nitrogen species. Its increased 

efficiency also means faster turnaround times for samples.   

6.1.5 DATA ANALYSES 

6.1.5.1 SEDIMENT QUALITY 

Sediment quality data were analysed in the following manner: 

1. Data were plotted and visually assessed for spatial patterns. 

2. Heavy metals and high molecular weight PAH (HMW-PAH) data were compared to the 

Threshold Effects Level (TEL) guidelines 9 , and the ANZG (2018) low-level default 

guideline values (DGVs) (see Table 2). However, for arsenic, Allen (2024) notes that 

“The application of more conservative guidelines (such as the TEL/PEL) for the 

metalloid arsenic are not deemed suitable for Auckland, as guideline values can sit 

below what is found to occur naturally or as ‘background’ concentrations in the region. 

As such, arsenic is compared with ANZG guidelines only.” For Auckland marine 

sediments, a background concentration of 12.06 mg/kg has been proposed (80th 

percentile probability; Allen 2023a). 

 

9 TEL guidelines are used as the Green-Amber threshold in Auckland Council’s Environmental 

Response Criteria (ERC). 
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Pielou’s Evenness is a measure of how even (i.e., similar) the abundances of individual 

species are at a site. Low index values indicate that the site is dominated by a single, or a 

few, species which occur in high abundance(s). The remaining species occur in relatively low 

abundances. In contrast, high index values indicate that the abundances of all species are 

similar. Pielou’s Evenness is derived from the Shannon Diversity value of a sample divided by 

the maximum possible Shannon Diversity value of that sample (Clarke & Warwick, 2001; Pla 

et al., 2012).  

One-way ANOVA and tests for Tukey’s honestly significant differences (HSD) were used to 

compare results for the indicators of ecological diversity among the monitoring sites. When 

necessary, data were log10 transformed10 to meet assumptions of equal variance and 

normally distributed residuals prior to analysis.  Those analyses were carried out in R Studio. 

Multivariate analyses were carried out using Primer-E, tests performed included: 

▪ Principal Component Analysis (PCA) of normalised environmental data (composite 

samples or means) to investigate the differences in environmental variables among 

sites. 

▪ Non-metric multidimensional scaling (MDS) of square-root transformed count data 

using Bray-Curtis similarity to look for differences in community composition among 

sites. MDS plots provide an easily interpretable representation of community data, 

with the composition of samples close together on an MDS plot being more similar 

than those further apart. 

▪ CLUSTER and SIMPROF analyses, which allow similarity (and dissimilarity) among 

samples to be estimated and presented in dendrograms, showing both statistically 

significant and non-significant clusters.  

▪ Similarity Percentages (SIMPER), which examines which taxa contribute the most to 

the similarities and differences among sites (using a 90% cut-off for the cumulative 

contributions of individual taxa). 

6.1.6 HEALTH INDICES 

6.1.6.1 BENTHIC HEALTH MODELS 

Benthic Health Models assess the health of macrofaunal communities relative to metal 

stormwater contaminants (BHMmetals; sediment copper, lead and zinc) and sediment mud 

content (BHMmud). The models are based on data from 95 intertidal sites (estuaries, 

harbours and tidal creeks), which had a range of contaminant concentrations and mud. 

Multivariate canonical analysis of principal coordinates (CAP) was used to rank the health of 

macrofaunal communities, in accordance with Auckland Council’s benthic health models.  

Health was ranked from 1 (very low impact) to 5 (very high impact – Table 3) (see Anderson 

et al. 2006; Hewitt & Ellis 2010 for more details). 

 

10 log10 transformation was used for count data. 
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Figure 33. Grainsize composition at monitoring sites on the western (green) and eastern (blue) sides 

of Waiuku Channel. 
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Figure 34. Total organic carbon, total organic matter, total nitrogen, total recoverable phosphorus, and 

benthic chlorophyll a concentrations at the monitored sites. Total organic carbon, total nitrogen, and 

total phosphorus values are means ± S.E. Total organic matter and chlorophyll a results are from a 

single composite sample per site. Sites are grouped by channel side and ordered from inner to outer 

harbour. 
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Figure 35. Mean (± 95% CI) sediment concentrations of total recoverable arsenic, cadmium, 

chromium and copper in the monitored sites. The red dotted line shows the TEL guideline values. 

Sites are grouped by channel side and ordered from inner to outer harbour. 
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Figure 36. Mean (± 95% CI) sediment concentrations of total recoverable lead, mercury, nickel and 

zinc in the monitored sites. The red dotted line shows the TEL guideline values. Sites are grouped by 

channel side and ordered from inner to outer harbour. 
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Figure 37: Correlation matrix showing the strength of relationships between heavy metal 

concentrations. Correlations are provided for pooled data, and for sites on the eastern and western 

sides of the channel.   

 

 

6.2.2  MACROFAUNA 

In total, 18,706 individuals and 95 taxa were collected from the benthic monitoring sites in 

October 2025 (c.f. 18,735 individuals and 91 taxa in 2024), with a combined 113 taxa 

obtained over the two years of sampling (Table 6).  Twenty taxa comprised around 92% of all 

individuals collected, with the nut shell Linucula hartvigiana being the most abundant 

species by a large margin (22% of all counts), followed by cockles (Austrovenus stutchburyi, 

16%), and the polychaete Aonides trifida (9%) (Table 7).  

However, the numbers of individuals within each taxa varied considerably among sites, and 

in some cases, years (see Figure 38 & Figure 39 for variation in the 20 most abundant taxa).  

For instance, in 2025 total L. hartvigiana numbers varied from 35 at the Ngahere site to 

1214 at the Lower Clarks Beach sites on the eastern side of the main channel, while cockle 
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numbers varied from 548 at Ngahere to 4 at the Clarks Beach site. Other taxa of note 

included the polychaete A. trifida, which occurred in high numbers at the Clarks West site in 

2024 and 2025, and low to moderate numbers elsewhere. Counts of the amphipod 

Torridoharpinia hurleyi, and the polychaetes Macroclymenella stewartensis and Boccardia 

syrtis were also higher at the Lower Clarks Beach and Clarks Beach sites. Clear spatial 

patterns were not apparent in any of the indicators of community diversity and abundance, 

apart from the Clarks West site having more within site variability than the other sites. 

Multivariate nMDS, cluster and SIMPROF analyses of the benthic community data showed 

that most sites could be differentiated from other sites based on their community 

composition (Figure 41).  Communities from the outer, western side of the main channel 

(Tokaroa North and Wairoa Point) were plotted toward the upper right of the MDS plot, while 

the three Clarks sites from the outer, eastern side of the channel were spread around the left 

side of the plot. Inner channel sites were plotted toward the bottom right of the MDS plot, 

with the Ohiku Creek and Rauau North sites clustered together beside the Waiau site, and 

the Ngahere site towards the right.  Results from 2024 and 2025 clustered together at every 

site except Wairoa Point, where the 2025 results clustered with those from Tokaroa Point. 

SIMPER analysis of all sample data from that site showed that the abundances of 10 taxa at 

that site explained around 50% of the dissimilarity between the two years11.   

SIMPER analysis showed that differences between clusters were mainly associated with 

small contributions of multiple taxa to dissimilarity.  Overall, only 11 taxa contributed more 

than 5% towards the overall dissimilarity between clusters.  MDS bubble plots showing 

variation in the abundance of the six taxa, which on average made the largest contributions 

to dissimilarity, are provided in Figure 42.  The plots illustrate that drivers include both high 

and low counts of particular species at specific sites.  For instance: 

▪ high counts of the polychaete Aonides trifida at Clarks West, and low to moderate 

elsewhere; 

▪ high counts of the Asian date mussel Arcuatula senhousia at Tokaroa North and 

Wairoa Point, and low elsewhere; 

▪ high counts of mysid shrimps and the polychaete Cossura consimilis at the Waiau 

and Ngahere sites and low elsewhere; 

▪ low counts of cockles, Austrovenus stutchburyi at the Clarks Beach site and 

moderate to high elsewhere; 

▪ low counts of the nut shell Linucula hartvigiana at Ngahere and moderate to high 

elsewhere. 

 

11 Linucula hartvigiana, Austrovenus stutchburyi, Arcuatula senhousia, Magelona dakini, Colurostylis 

lemurum, Paracalliope novizealandiae, Aonides trifida, Arthritica bifurca, Paradoneis lyra, 

Torridoharpinia hurleyi. 
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Table 6: Summary of total numbers of taxa and individuals by site and year. Sites are grouped by side 

of channel (green =west, blue =east) and ordered from inner to outer harbour. 
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Table 7: Total counts of the top 20 taxa by site in 2025, and their percent contribution to the total 

counts of all taxa. Sites are grouped by side of channel (green =west, blue =east) and ordered from 

inner to outer harbour. 
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Figure 38. Boxplots showing site variation in the number of individuals collected for the 10 most 

abundant taxa in 2025. Sites are grouped by channel side (green =west, blue =east) and ordered 

from inner to outer harbour. 
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Figure 39. Boxplots showing site variation in the number of individuals collected for the 11th to 20th 

most abundant taxa in 2025. Sites are grouped by the side of channel (green =west, blue =east) and 

ordered from inner to outer harbour. 
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Figure 40. Boxplots showing the raw: A) number of individuals; B) number of taxa; C) Pielou’s 

evenness; and D) Shannon diversity at the monitored sites in 2024 and 2025.  Sites are grouped by 

side of channel (west = green headers, east = blue headers) , and ordered from inner to outer harbour 

areas. 
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Figure 41. Non-metric multidimensional scaling plots of summed benthic macrofaunal data by site.  

Sites are coloured by A) side of Waiuku Channel, and B) the area along the channel running from inner 

to outer sections. Arrows show the trajectory of each site between 2024 and 2025. 

 

 



59 

 

Figure 42:  Examples of nMDS bubble plots showing differences in the relative abundances of taxa 

that explained > 5% of the dissimilarity between two or more sites using SIMPER. Bubble size is 

proportional to mean counts and bubble colour indicates the location of sites relative to Waiuku 

Channel. Site abbreviations are also provided. 
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6.2.3 BIVALVES 

In total, 2918 cockles, 511 wedge shells and five pipi were collected in October 2025. 

Similar to 2024, the majority of cockles were very small, with 77% being less than 5 mm in 

length (c.f. 75% in 2024), and none were considered to be of ‘harvestable’ size (>30 mm) 

(Figure 43). The majority (65%) of wedge shells were also less than 5 mm long in 2025 (c.f. 

73% in 2024) (Figure 44).  

Figure 43. Total number of cockles from each size class collected from the monitoring sites. 

 

 

 

Figure 44. Total number of wedge shells from each size class collected from the monitoring sites. 
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Figure 45:  Extensive bed of dense Ulva sp. north of the Wairoa Point site. 

 

 

 

7 BIOGENIC HABITATS 

7.1 METHODS 

Fifty 200 m subtidal video transects were taken during February and March 2026 within 1 

km of the outfall. Transect start locations were predetermined using a stratified random 

design, and the direction of the video tow was decided according to wind and current 

directions. The video camera was ‘flown’ above the seabed to minimise the disturbance of 

biogenic features. Visual contact between the video and the seabed was maintained using a 

live video feed. Footage was recorded on a GoPro Hero 11, while video tracks were recorded 

using a Garmin handheld 78scGPS, fitted with a GA38 GPS/GLONAS external aerial. The 

time on the GoPro and GPS were synchronised to allow location coordinates to be generated 

for observed features.  

Post-survey, the GPS data were imprinted on the video footage using Telemetry Overlay 

software. Video footage was analysed carefully and: 

1. Habitats observed along each transect were categorised into 11 habitat types (bare 

mud, mud with burrows, sand, shelly sand, shell hash, gravelly rubble, boulders, 

patchy reef, contiguous reef, and biogenic habitat), with the percentage of the 

transect covered by each habitat recorded (Figure 46). Each habitat type was 

assigned a habitat score as per Table 10. 

2. For each habitat type in a transect:  

a. the diversity of large epibenthic species was subjectively ranked from one 

(low) to three (high); 

b. the total abundance of large epibenthic species was subjectively ranked from 

one (low) to three (high); 

c. an overall ecological complexity score was calculated for each transect by 

multiplying the habitat score × abundance score × diversity score × 

percentage of the transect for each habitat present. 
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Sponges were observed throughout the survey area, except for the southernmost section. 

The diversity and abundance of sponges on hard substrates were moderate (Figure 49 & 

Figure 55). Bryozoans were also observed throughout the survey area in high abundance on 

hard substrates, but diversity appeared to be very low. Ascidians were uncommon and 

limited to the outer part of the survey area (Figure 50 & Figure 55), while scallops were 

restricted to certain areas. Macroalgae were also uncommon, but were found throughout the 

survey area (Figure 51 & Figure 55). 

Ecological complexity was generally highest at the outer parts of the channel and lowest at 

the upstream sites. Complexity was typically highest on hard substrates (reef, rubble and 

shell hash) (Figure 56).  

Figure 46. Examples of the different substrates observed in the video transects: A) mud with burrows; 

B) shelly sand; C) scattered shell; D) shell hash; E) gravelly rubble; F) reef. 
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Figure 47. Distribution of substrate types within the survey area. Substrates have been grouped by 

type: A) soft substrates (bare mud, mud with burrows, sand, scattered shell); B) rubbly substrates 

(shell hash and gravelly rubble); and C) reef (contiguous reef, patchy reef). More than one substrate 

type may occur within each video transect. 
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Figure 48. The percentage of transects in which each habitat type occurred. More than one substrate 

type may occur within each video transect. 
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Figure 49. Examples of various sponges observed in video footage.  
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Figure 50. Examples of various bryozoans and ascidians (arrows) observed in video footage.  

 

Figure 51. Examples of various macroalgae observed in video footage. 
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Figure 52. Examples of other biota observed in video footage: A & B) cushion stars; C) tubeworms; D) 

anemones; E & F) scallops; G) Asian paddle crab (a pest species); H) a shrimp. 
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Figure 53. Examples of various fish observed in the video footage. A) snapper and an unidentified 

small fish (arrow); B) probable kingfish; C) probable kahawai; D) an eagle ray. 

 

Figure 54. The percentage of transects in which each taxa/taxa group occurred in 2025 and 2026. 
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Figure 55. Distribution of the four most abundant taxa groups within the survey area. More than one 

taxa group may occur in the same video transect. 
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Figure 56. Ecological complexity rankings in the survey area from very low to very high for 2025 and 

2026.  

 

 

8 CONCLUSIONS 

Baseline monitoring carried out in 2025–26 included: 

▪ monthly sampling for general water quality and phytoplankton; 

▪ 24-hour monitoring of dissolved oxygen at a site below the newly consented outfall 

site in December 2025, March 2026 and May 2026; 

▪ sampling and characterisation of intertidal benthic macroinvertebrate communities 

at nine intertidal sites on the western and eastern sides of Waiuku Channel;  
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▪ sampling and analysis of sediment characteristics and quality at the nine intertidal 

sites where ecological samples were collected; 

▪ obtaining underwater video footage along 50, 100 m transects for the analysis of 

biogenic and physical features.  

Results show that water quality at the remote Whatapaka reference site was much poorer 

than in all other sites. Whatapaka is therefore considered to be unsuitable for assessing the 

effects of Clarks WWTP discharges.   

Concentrations of all forms of nitrogen (NHx-N, TON, TIN, and TN) were similar among the 

Clarks Beach sites (excluding Whatapaka) and temporal patterns in each form were highly 

correlated.  NHx-N concentrations were commonly below detection limits between June 2024 

and April 2025. Increases between May and December 2025 and February to June 2026 

resulted in higher NHx-N concentrations in the 2025–26 monitoring year than the 2024–25 

year. Total oxidised nitrogen concentrations were considerably higher than NHx-N 

concentrations, and therefore, had the greatest influence on TIN concentrations.  

All Clarks Beach sites had similar DRP and TP concentrations, and temporal patterns were 

highly correlated among the sites.  There was also little difference in pooled chlorophyll a 

concentrations among most of the Clarks Beach monitoring sites. However, the 1 km North 

(WQ 6) site was unusual in that chlorophyll a concentrations never exceeded 0.003 mg/L.  

Concentrations at other Clarks Beach sites, including the 3 km North (WQ 7) site, were more 

variable and all displayed a strong spike in chlorophyll a concentrations in November 2025.   

Temporal variation in TSS concentrations and turbidity were correlated, with little difference 

among the Clarks Beach sites. Slight increasing trends in median DO saturation, salinity, and 

pH levels were apparent along the spatial gradient from up-river to down-river sites, but site 

differences in DO concentrations and temperature were negligible.  

In 2025–26, enterococci concentrations exceeded the Alert level guideline for contact 

recreation once at the Taihiki (WQ 10) site and twice at the Whatapaka (WQ 8) site, and 

exceeded the Action level guidelines once at the Whatapaka (WQ 8) site. 

Overall, a total of 99 phytoplankton taxa from 12 phyla or other general high-order groups 

were identified in samples collected in 2025–26.  The top 10 genera by cell concentration 

included two genera from the flagellates-unicells group, five diatom genera, and three 

dinoflagellate genera.  For cell volume, the top 10 genera included two genera from the 

flagellates-unicells group, six diatom and two dinoflagellate genera. Seasonal cycles were 

apparent in total phytoplankton taxa, and cell concentrations and biovolumes with: highest 

biovolumes in spring–early summer (Nov–Dec); highest cell concentrations in mid to late 

summer (Feb–Mar); and, lowest taxa diversity in winter. 

In 2025–26, potentially toxic filamentous cyanobacteria (Anabaena sp.) were detected at all 

phytoplankton sampling sites in December 2025. Other known toxic species obtained in 

2025–26, included Alexandrium minutum, Gymnodinium catenatum, and Prorocentrum 

lima. It is possible that other potentially toxic taxa from the Alexandrium, Karenia, Pseudo-

nitzschia, Gymnodinium and Dinophysis genera were also present, but these taxa were not 

identified to species levels.   
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Sediment quality 

Sediments at the Ngahere site, on the eastern side of the main channel had the highest 

proportion of mud (48%).  On that side of the channel, a clear demarcation in sediment 

characteristics occurred around the entrance to Waiuku River (between Tokaroa and Karaka 

Points), with sediment mud content decreasing in the northern sites in the main body of the 

harbour.  A similar change occurred on the western side of the channel, with a marked 

difference occurring between the Rauau and Tokaroa North sites (Tokaroa North had the 

lowest proportion of mud of any site).  However, mud content increased again between the 

Tokaroa North and Wairoa Point sites.  All sites had moderate to high percentages of sand 

(51–99%), with the Tokaroa North and Clarks Beach sites having the highest percentage 

(95–96%).   

Mud, TOC, TP and TN concentrations were highly correlated, and therefore all four 

parameters displayed similar spatial patterns to those described above for mud content. 

Intertidal benthic macrofauna 

A diverse assemblage of intertidal macrofauna was identified, with 18,735 individuals and 

90 taxa collected from the nine monitoring sites. The abundance of individual taxa and 

results from four indicators of ecological diversity and abundance varied among sites.  In 

summary: 

▪ Twenty taxa comprised around 92% of all individuals collected, with the nut shell 

Linucula hartvigiana being the most abundant taxa, followed by cockles 

(Austrovenus stutchburyi), and the polychaete Aonides trifida. 

▪ Clear spatial patterns were not apparent in any of the indicators of community 

diversity and abundance, apart from the Clarks West site appearing to have more 

within site variability than the other sites. 

▪ Multivariate nMDS, cluster and SIMPROF analyses of the benthic community data 

showed that most sites could be differentiated from other sites based on their 

community composition.  However, the following sites had communities that could be 

loosely grouped based on their positions on MDS plots:  

o sites on the outer, western side of the main channel (Tokaroa North and 

Wairoa Point); 

o the three Clarks sites from the outer, eastern side of the channel (Clarks 

West, Lower Clarks Beach, Clarks Beach); 

o Inner channel sites (Ohiku Creek, Rauau North, Waiau, and Ngahere) with the 

Ohiku Creek & Rauau North sites being most similar. 

▪ Combined Health Scores were ranked as ‘fair’ for all sites, except Tokaroa North, 

which was ranked as ‘good’. 

Subtidal habitats and biogenic features 

Visibility in 2026 varied from exceptionally poor to reasonable, despite calm conditions and 

extended periods of dry weather prior to the survey dates. Hard substrates were the most 

frequently observed substrate, with contiguous reef observed in 44% of the transects, patchy 

reef observed in 24% of the transects, gravelly rubble observed in 34% of the transects, and 
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shell hash observed in 32% of the transects. Overall, hard substrates were found in 90% of 

transects, whereas primarily soft substrates were only found in 30% of transects. Soft 

substrates were generally found in the shallow areas at the edges of the channel, whereas 

hard substrates were more common in the deeper areas in the middle of the channel. 

Sponges and bryozoans were the most common and widespread groups observed in video 

footage. Sponges were observed in 86% of the transects, followed by bryozoans (72%), 

scallops (36%) and macroalgae (26%). The percentage occurrences of sponges and 

bryozoans in 2026 were similar to those in 2025. Sponges were observed throughout the 

survey area, except for the southernmost section. The diversity and abundance of sponges 

on hard substrates were moderate. Bryozoans were also observed throughout the survey 

area in high abundance on hard substrates, but diversity appeared to be low. Ascidians were 

uncommon and limited to the outer part of the survey area, while scallops were restricted to 

certain areas. Macroalgae were found throughout the survey area but were uncommon. 

Ecological complexity was generally highest in the outer parts of the channel and lowest 

upstream. Complexity was typically highest on hard substrates (reef, rubble and shell hash).  

Overall, monitoring results from June 2024–June 2026 provide a baseline for detecting 

future changes in water and sediment quality, and benthic ecology.  Importantly, none of the 

univariate and multivariate water quality and phytoplankton plots from sites upstream and 

downstream of the WWTP discharge displayed patterns indicative of the discharge having a 

marked adverse effect.  Patterns in the ecological results appear consistent with the 

environmental gradient from tidal river to central harbour intertidal flats, and variation in 

subtidal seabed substrates.  

  



76 

 

9 ACKNOWLEDGEMENTS 

Water sampling was conducted with the assistance of John McMeeking, Dirk Immenga, 

Kayleb Himiona and Andy Jordan. Phytoplankton analyses were carried out by Earth Sciences 

New Zealand (ESNZ). Underwater video sampling was conducted with the assistance of John 

McMeeking.  Ecological and sediment sampling was conducted with the assistance of John 

McMeeking, Andy Jordan, Kayleb Himiona and Emma Baker. Macrofaunal identification and 

the determination of benthic health scores were carried out by ESNZ.  The analysis of 

sediment grain size and chemistry was done by ESNZ and Watercare Laboratory Services.  

Auckland Council’s Research, Investigation and Monitoring Unit (RIMU) collected water 

quality samples and field data from the Whatapaka (WQ 8) site and provided benthic 

macrofaunal and sediment results from their Clarks Beach monitoring site.  The assistance 

of the above people and organisations is greatly appreciated. 

10 REFERENCES 

 

Allen, H. (2023a) Arsenic and mercury in marine sediment: state and preliminary trends in Tāmaki 

Makaurau / Auckland 2012–2021. Auckland Council technical report 2023/14, Auckland 

Council, Auckland, 61 pp. 

Allen, H. (2023b) Tāmaki Makaurau / Auckland marine sediment contaminant monitoring: data report 

for 2022. Upper Waitematā Harbour, Mahurangi Harbour, Tāmaki Estuary, Whangateau 

Estuary, East Coast Bays. Auckland Council technical report TR2023/15, Auckland Council, 

Auckland, 49 pp. 

Allen, H. (2024) Tāmaki Makaurau / Auckland marine sediment contaminant monitoring: State report 

for 2023 Central Waitematā Harbour  Technical Report, 2024/8, Auckland Council, Auckland 

Anderson, M.J., Hewitt, J.E., Ford, R.B., Thrush, S.F. (2006) Regional models of benthic ecosystem 

health: predicting pollution gradients from biological data. Auckland Regional Council, 

Auckland, New Zealand, 103 pp. 

ANZECC (2000) Australian and New Zealand Guidelines for Fresh and Marine Water Quality. Australian 

and New Zealand Environment & Conservation Council, and Agriculture and Resource 

Management Councils of Australia & New Zealand, Canberra, Australia, 316 pp. 

ANZG (2018) Australian and New Zealand guidelines for fresh and marine water quality. Australian 

and New Zealand Governments and Australian state and territory governments, Canberra, 

ACT, Australia 

Clarke, K.R., Warwick, R.M. (2001) Changes in marine communities: an approach to statistical 

analysis and interpretation. Primer-E Ltd, Plymouth, UK 

Drylie, T. (2021) Marine ecology state and trends in Tāmaki Makaurau / Auckland to 2019. Auckland 

Council technical report TR2021/09, Auckland Council, Auckland, 107 pp. 

Gatehouse, J.S. (1971) Sedimentary analysis. In: Carver R.E. (ed) Procedures in Sedimentology and 

Petrology. Wiley Interscience, New York, pp. 59–94 

Hewitt, J.E., Ellis, J. (2010) Assessment of the benthic health model. Auckland Regional Council 

technical report 2010/034, Prepared by NIWA for Auckland Regional Council, Auckland, New 

Zealand 

Hewitt, J.E., Lohrer, A.M., Townsend, M. (2012) Health of estuarine soft-sediment habitats: continued 

testing and refinement of state of the environment indicators. Prepared by NIWA for Auckland 

Council, Auckland 

Lohrer, A.M., Rodil, I. (2011) Suitability of a new functional traits index as a state of the environment 

indicator. Auckland Council Technical Report 2011/004, Prepared by NIWA for Auckland 

Council, Hamilton, New Zealand, 32 pp. 



















85 

 

11.3 SEDIMENT QUALITY DATA 
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