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ABSTRACT 
 
Ahuriri Estuary is steeped in geological and cultural history. In 1931 a magnitude 7.8 earthquake 
uplifted the bed of the former Ahuriri Lagoon by approximately 2 metres. The drainage, diversion of 
the Tutaekuri River, channelisation of waterways, and urban development of the surrounding 
catchment which ensued formed the modern 275-hectare estuary in the centre of Napier City. 
 
To investigate the effects of sub-catchment industrialisation on the health of Ahuriri Estuary, research 
outlined in this thesis involved undertaking a multi-temporal land use change assessment using 
historic aerial photographs of the Onekawa and Pandora sub-catchments. In 2018, 41.9ha of 
grasslands remained within the sub-catchments compared to 254.8ha in 1936, with 223.3ha of 
impervious industrial development spanning the sub-catchments. The waterways which flow through 
the Onekawa and Pandora Industrial zones have shown elevated dissolved and sediment-bound heavy 
metal concentrations. 
 
Six sediment cores were retrieved from tributary discharge zones within Ahuriri Estuary. Visual 
observations of grain sizes and fossil macrofauna densities accompanied Itrax™ core scanning for 
chemical constituents. Results for marine and terrigenous sediment ratios identified the 1931 
earthquake. To investigate the relationship between sub-catchment industrialisation and the health 
of the modern Ahuriri Estuary, heavy metal peaks were assigned approximate depositional 
timeframes using calculated sediment accumulation rates.  
 
The early 1970s registered across five of the six cores as a time of excessive heavy metal contamination 
delivered to Ahuriri via the urban tributaries. Extreme zinc and lead pollution from the Pandora 
Industrial zone lasting several years from 1973-1976 exceed levels found in the literature of Itrax™ 
XRF-scanned estuarine cores. Zinc levels are high across the cores compared to the available literature. 
Above identified peak zones, heavy metal trends across five of the six cores gradually reduce towards 
the core surface. Despite observed heavy metal reductions, recent toxicity assessments using surficial 
sediment suggest that Ahuriri Estuary is in a state of poor ecological health, meaning its functionality 
as an important spawning ground and nursery for aquatic species is undermined. 
 
Once land-based contaminant mobilisation is reduced via improvements to land and freshwater 
management, rehabilitation options for contaminated sediment within the Ahuriri Estuary can be 
investigated for feasibility. 
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There are four objectives that act as the foundation of different chapters and sub-sections to address 
the overarching aim of the study: 

1. Review recent environment quality research undertaken in the Ahuriri Estuary, including 
geomorphology, hydrodynamics, sedimentary history, sediment quality, water quality, and 
ecology. 

2. Undertake land system change analysis using aerial imagery to investigate gradual effects of 
industrial development on Ahuriri Estuary. 

3. Utilise previous hydrodynamic modelling of the central estuary to guide sampling locations for 
extraction of sediment cores representing discharge depositional zones of different tributaries. 
Undertake physicochemical analysis on retrieved sediment core samples to investigate 
connections between industrial development and temporal sediment quality. 

4. Prepare recommendations on the future management of Ahuriri Estuary to reduce known 
actions which catalyse contaminant accumulation and prevent further degradation of the 
estuary. 

 
This thesis follows a scientific structure. Chapter 1 presents the introduction, Chapter 2 provides 
background information for the study area, and Chapter 3 presents a literature review summarising 
previous research on the Ahuriri Estuary. The methodologies for the thesis are presented in Chapter 
4. Chapters 5 and 6 present the results of the sub-catchment change assessment and the sediment 
physicochemical analysis, respectively. Chapter 7 discusses the implications of the results identified in 
the previous chapters. Chapter 8 then concludes the thesis by summarizing the findings and 
presenting recommendations for future research. 
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Figure 2.4: '100 years of progress' sketch of Napier: 1865 prior to the 1931 earthquake and uplift (left) showing Esk River and Tutaekuri River inflows, and 1965 post uplift (right). Adapted from 

Museum Theatre Gallery Hawke’s Bay (n.d.).  
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Table 2.1: The five zones of Ahuriri Estuary (Figure 2.3), including distinctive anthropogenic, ecological and morphological features. 
 Photo Morphological features Ecological features Anthropogenic features 

Inner 
harbour 

 

o Entirely subtidal; & 
o Mostly saline. 

o Semi-frequent 
bioluminescent 
algal blooms (Laing, 
2021). 

o Live-aboard boats; 
o Berthed boats; 
o Rock wall revetment; 
o Wharfs; 
o ‘Iron Pot’ resource 

consent discharge 
(Hawke’s Bay Regional 
Council, 2007). 

Central 
estuary 

 

 

o Ebb-dominated subtidal 
channels; & 

o Flood dominated intertidal 
mudflats (Eyre, 2009). 

o Wading birds; 
o Black-billed gull 

nesting zone 
(Department of 
Conservation, n.d.); 

o Area of highest 
Austrovenus 
stutchburyi density; 

o DOC native 
plantation; 

o Beaded glasswort 
(Sarcocornia 
quinqueflora) 
intertidal zone 
dominance; 

o Invasive cone snails 
(Ludlow, 2020). 

o Westshore bridge; 
o Pandora Pond 

recreational zone; 
o Embankment bridge; 
o State Highway 2 bridge; 
o Three urban drainage 

channel discharge 
outlets: the Thames-
Tyne, Purimu, and Old 
Tutaekuri Riverbed (the 
combined Plantation, 
County and Georges); 

o Recreational boardwalk. 
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2.2 Inflows into Ahuriri Estuary 
The central estuary accommodates the three major drainage channel discharges from Napier City, each 
of which are authorised by conditional resource consents under the Resource Management Act 1991 
(RMA) (Parliamentary Counsel Office, 1991). Two waterways either side of the State Highway 2 Bridge 
(Figure 2.5) discharge via tidal gates, which work to reduce the tide travelling upstream particularly in 
a time of high rainfall and waterway flow coinciding with a flood tide. The discharge of drainage and 
storm waters via these waterways (The Purimu and the Old Tutaekuri Riverbed, the latter which 
combines the flows of the Georges Drive, Plantation, and County urban streams - Figure 2.6) to the 
Ahuriri Estuary is legislated under a jointly held resource consent between NCC and HBRC. These 
waterways convey drainage and storm water from semi-rural Meeanee, through residential land, then 
through heavy industrial land prior to discharge (Figure 2.6). 
 
A further resource consent exists for the discharge of stormwater via the Thames & Tyne Waterways 
servicing the heavy wet Pandora Industrial area on the south border of the central estuary (Figure 2.6). 
These tidal waterways combine prior to discharging via ebbing tides into the estuary adjacent to 
Humber St, Pandora, and are tidally driven, meaning they discharge on an ebbing tide. Resource 
consent DP110266W is solely under NCC’s jurisdiction. 
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Figure 2.5: Aerial view of the central estuary, highlighting key zones of residential and industrial activity, the three primary urban waterway discharges, the Pandora Pond recreational area, and the 

three bridges constraining this zone (Google, n.d.-a). 
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Figure 2.6: Major southern fringing catchments within the greater Ahuriri Estuary catchment. Background image from ESRI 

Inc. (2019). 
 
 
 

2.3 Geology 
The tectonic setting of New Zealand has been characterized by the subduction of the major Pacific 
Plate beneath the Australian Plate (Komar, 2007). Dissecting the South Island of New Zealand along 
the alpine fault, then curving eastward off the coast of the North Island, the subduction zone exhibits 
as the shallow marine Hikurangi Trench approximately 160km off the coast of Napier (Hull, 1986; 
Komar, 2007) (Figure 2.7). Complex surface folding and faulting (McLintock, 1966) is common across 
Hawke’s Bay, stretching between the forearc basin to the west, and accretionary wedge to the east 
(Cashman & Kelsey, 1990). The frequency of earthquakes in the region over the previous thousand 
years have made the region one of the most tectonically active in New Zealand (Hull, 1986; Komar, 
2007). Fringing the western Pacific Ocean, the region is additionally at risk from distant-source 
tsunamis. 
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Figure 2.7: Surface geological features of the Pacific-Australian Subduction Zone, showing Hikurangi Trough to the West of 

Hawke's Bay (Komar, 2007). 
 
In 1931, a surface wave magnitude 7.8 earthquake originating approximately 30km north of Napier 
resulted in widespread damage to the established Napier Township. The Ahuriri Lagoon was forcibly 
uplifted approximately 2 metres (Figure 2.8) by a north-south tectonic tilt ranging between -1m at Te 
Awanga to an estimated 3 metres at Tangoio north of Napier City (Hull, 1990; Komar, 2007). 
 
This uplift has characterised the surface soils of the modern Napier City. Much of the central city 
consists of marine soil, with some areas comprised of various infill from post-earthquake land 
reclamation (see Figure 2.9). Mataruahou (Napier Hill) in the central city is comprised of Pliocene 
fossiliferous marine rock, and Tertiary sandstones are common across the remainder of the city 
(McLintock, 1966). A series of gravel barrier beach systems from Cape Kidnappers, to the south of 
Napier, to Mahia Peninsula north of the city display greywacke clasts typically transported from axial 
Triassic-Jurassic Kaweka and Ruahine Ranges (McLintock, 1966) via fluvial systems (Komar, 2007). 
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2.4 Climate 
The median annual temperature in coastal Hawke’s Bay averaged 13.5°C for the years 1981-2010 
(Chappel, 2013). Measured as July to June, each hydrological year from 2013/14 to 2017/18 in the 
Hawke’s Bay region recorded mean minimum and mean maximum temperature anomalies, ranging 
between +0.1°C and 1.0°C (Smith et al., 2018). Figure 2.10 and Figure 2.11 show the median average 
daily maximum temperature distribution in the Hawke’s Bay region for the summer and winter 
months between the years 1981-2010. 
 

 
Figure 2.10: Median summer daily maximum temperature - Hawke's Bay region (Chappel, 2013) 
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Figure 2.11: Median winter daily maximum temperature - Hawke's Bay region (Chappel, 2013). 

 
 
A report by NIWA (2013) explains that Napier City is sheltered from prevailing westerly winds in the 
Hawke’s Bay region by the western Kaweka range, resulting in higher frequencies of light winds 
compared to other coastal areas of New Zealand (Chappel, 2013). Chappel (2013) highlights the high 
spatiotemporal irregularity of rainfall in Hawke’s Bay, with Napier City receiving typically less than 
800mm per annum, 60% of which is driven by south to southeast winds. Figure 2.12 shows the annual 
total median rainfall for the Hawke’s Bay region based on data from 1981-2010. By contrast to this 30-
year period, 650mm of total cumulative rainfall recorded by a NIWA weather station in Nelson Park, 
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Napier in the year 2019 is shown in Figure 2.13 (National Institute of Water and Atmospheric Research, 
n.d.-b).  
 

 
Figure 2.12: 1981-2010 Hawke's Bay median annual total rainfall (Chappel, 2013). 
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species such as kahawai and taniwe as a result of dredging of Ahuriri Heads (Brooker's Ltd., 1995; 
Parsons, 1992).  
 
In 1921, development continued in the Ahuriri Lagoon with the construction of the Embankment 
Bridge (Figure 2.5) funded by the County, Government and Napier Harbour Board (Parsons, 1992). 
This effectively cordoned off the tidal flow to upper margins of the estuary (Parsons, 1992). Oral 
accounts reflected the gradual decline of the sheer abundance of kai moana in the lagoon linking it to 
the reduction in tidal flow, as well as effluent discharges from the western margin of the lagoon, and 
the sewerage discharge to the sea from Mataruahou (Parsons, 1992). Diminishing reliance on the 
lagoon as a food source happened gradually, with the events aforementioned contributing to this slow 
decline in abundance and quality, as well as the uplift from the 1931 earthquake, prompting the 
eventual public warning against kaimoana consumption (Brooker's Ltd., 1995). 
 
 
2.5.2 Post-1931 earthquake 
Prior to the uplift from the 1931 earthquake, the Esk River had two mouths: one via the Petane stream 
into Ahuriri Estuary (Figure 2.3) and the other into the ocean (Brooker's Ltd., 1995). Uplift reduced the 
Petane Stream’s discharge to a trickle (Parsons, 1992). The Tutaekuri River continued its discharge 
into the southern Ahuriri Estuary until 5 years after the earthquake, when physical works saw the full 
diversion of the river to the Pacific Ocean via Awatoto completed on 4 June, 1936 (Parsons, 1992). 
 
Land reclamation and stopbank development on the estuary edge provided sheltered grasslands for 
grazing animals, serviced by over 600km of drainage channels (Parsons, 1992) (Figure 2.9). Some of 
this reclamation work provided ground for the Onekawa and Pandora Industrial area developments 
(initiated in 1948 and 1962, respectively (Parsons, 1992). Drainage channels servicing these industrial 
zones were linked to the central estuary to prevent flooding in previously submerged land (Parsons, 
1992). Further residential development on pre-1931 land and reclaimed land continues through to 
today, as well as engineering stabilization works on the fringes of the estuary (Komar, 2007). 
 
Today, a boardwalk surrounding the central estuary provides recreational accessibility. The Pandora 
Pond area is commonly used for water-based recreation, recently becoming less popular for contact 
recreation (submersing) in summer due to unpredictable bacterial fluctuations (Figure 2.14) which 
occasionally exceed the upper threshold of 550 cfu/100mL of Escherichia coli (Ministry for the 
Environment & Ministry of Health, 2003). 
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sediment, as well as pollen grain (palynomorph) identification to model sediment accumulation rates 
(SAR) to build a holistic awareness of the state of the estuary having been affected by anthropogenic 
sedimentation. The authors distinguished the effects of gradual deforestation and land conversion to 
productive grasslands within estuarine sediment and drew conclusions as to the relative changes in 
SAR through time markers. Swales et al. (2005) concluded that gradual land use change had increased 
sedimentation rates threefold in one arm of the harbour. 
 
In a similar catchment-based assessment, Al-Naswari et al. (2018) used a suite of monitoring 
techniques to assess the eco-geomorphic state of Towamba Estuary in Australia as a result of 
anthropogenic stressors. The extensive study included in-field calibrated multi-temporal digital 
elevation modelling (DEM) to assess morphological changes through shoreline and barrier migration, 
and bathymetric change. The authors modelled catchment elevation, coverage, waterbody, and land-
use features to provide linkage to potential anthropogenic effects on estuarine health. Spatial water 
quality samples provided a point-in-time reference of salinity, turbidity, pH and dissolved oxygen, and 
35 surface sediment samples were analysed for grain size and loss on ignition (LOI) to compare 
terrigenous to marine-origin sediment ratios. Using a multi-faceted assessment such as in Al-Naswari 
et al. (2018) reduces potential assumption error in drawing conclusions as to the effect of catchment 
changes on the estuary’s health. 
 
Combining approaches such as Al-Naswari et al. (2018), Arunyawat and Shrestha (2016), Birch et al. 
(2016), and Swales et al. (2005) allows a unique assessment of estuarine health by summarising 
catchment change information and biophysicochemical factors of the estuary itself. Catchment 
development, water quality, benthic ecology, sediment quality, and identification of sediment 
depositional time markers can lead to a holistic understanding of the functional state of an estuarine 
system and subsequently prompt management changes to prevention further ecological decline. 
 
 
 
3.3 Research from Ahuriri Estuary 
The quality of Ahuriri Estuary is poor (Hawke's Bay Regional Council, 2004), with semi-frequent 
closures to recreational use and public advised against the collection and consumption of kai moana 
from health officials (Smith et al., 2018). In this section, relevant research on the quality of the Ahuriri 
Estuary to meet the criteria of Objective One is summarised: 
 
Objective One: Review recent environment quality research undertaken in the Ahuriri Estuary, 
including geomorphology, hydrodynamics, sedimentary history, sediment quality, water quality, and 
ecology. 
 
 
3.3.1 Ahuriri Estuary: Morphology and hydrodynamics 
There is research on the historical morphology of Ahuriri Estuary. Using in-channel measurements and 
topographic LiDAR with a specified mean sea level of 10.3m, Goodier (2003) from HBRC derived an 
aerial bathymetric map (Figure 3.1). 
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Figure 3.1: LiDAR-derived bathymetric map of Ahuriri Estuary and surrounds, Goodier (2003) as found in Eyre (2009). Black 

boxes indicate location of following figures: Figure 3.2 - Figure 3.5. 
 
The hydrodynamics of the estuary have similarly had historic investigation. Using the bathymetric map 
in Figure 3.1, Eyre (2009) developed a two-dimensional tidal MIKE 21 Flow model of Ahuriri Estuary. 
The author reported that strong tidal flows are largely restricted to the main channel in the central 
estuary (Figure 3.2 and Figure 3.3) with the model detecting low-velocity feeding currents in the 
central intertidal mudflats on an incoming tide (Figure 3.2). Eyre (2009) identified the main channel as 
having relatively strong tidal velocities (Figure 3.4), and the upper estuary as unaffected by tidal 
regimes (Figure 3.5). In the inner harbour the model detects a circulatory current, where high 
velocities underneath the Pandora Rd bridge on an ebb and flood tide cause shear, reflection, 
refraction and prevent sediment settling (Eyre, 2009). From this hydrodynamic modelling, Eyre (2009) 
summarised Ahuriri Estuary as a well-mixed ebb-tidal dominant system with limited stratification due 
to a low freshwater input and with a net seaward sediment transport. 
 

Figure 15 
Figure 16 Figure 17 

Figure 18 
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Figure 3.2: Velocity map of modelled hydrodynamics on an incoming spring tide, Central Estuary, Ahuriri Estuary. Black 

boxes show zones of measurable incoming tidal velocities over intertidal mudflats. From Eyre (2009). 
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Figure 3.3: Velocity map of modelled hydrodynamics on an outgoing spring tide, Central Estuary, Ahuriri Estuary. From Eyre 
(2009). 

 

 
 

Figure 3.4: Velocity map of modelled hydrodynamics averaged over two tidal cycles, Main channel. From Eyre (2009). 
 



 37 

 

 
Figure 3.5: Velocity map of modelled hydrodynamics averaged over two tidal cycles, Upper Ahuriri Estuary. From Eyre 

(2009). 
 
The model developed by Eyre (2009) was relatively coarse and based on a LiDAR-derived bathymetric 
model of the estuary. Consideration of freshwater open channels discharging into the central estuary 
and upper estuary would have contributed to a higher resolution model. However, limitations on time, 
resource and budget can restrain such studies. Overall, the model provides a sound initial overview 
for the otherwise unknown hydrodynamic behaviour of the Ahuriri Estuary, in the notable absence of 
flow meters on any of the major freshwater tributaries. 
3.3.2 Ahuriri Estuary: Sediment transport 
Eyre (2009) investigated the sediment transport of Ahuriri Estuary using MIKE 21 Mud modelling 
software. The author simulated sediment release into the Ahuriri Estuary via the Taipo Stream in storm 
conditions, measuring cumulative and instantaneous sediment flow past three estuarine sites 
downstream of the Taipo discharge. Figure 3.6 shows the flux measurement sites used by Eyre (2009). 
 

 
Figure 3.6: Sediment flux simulation by Eyre (2009) showing release site and ‘site’ delineations A, B, and C for quantitative 

assessment. 
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A total of 96 scenarios covering a grain size range of 10-105µm, spring and neap tidal conditions, 
ranging times of sediment release relative to tidal stage and rainfall event intensities between 20-
100mm were modelled by Eyre (2009). The author found that the timing of release of sediment 
generally controlled the path of sediment transport, with sediment released on an incoming tide 
largely flushed back into the Taipo waterway and subject to resuspension on the outgoing tide. 
Sediment released on the mid-ebb tide showed greatest net downstream transport, coinciding with 
an approximate 3 hour lag on observable tidal turnaround at the discharge zone (Eyre, 2009). 
 
Eyre (2009) then modelled sediment settling of a range of grain sizes under varying conditions at four 
sites and reported that sediment transport was largely dependent on grain size, with a lower grain 
size showing a higher net transport from the modelled Taipo release zone. The author sub-sectioned 
Ahuriri Estuary into 8 zones (Figure 3.7) to generalise sediment deposition from the model simulations, 
finding that Zone 2 being the channel from the Taipo downstream showed the highest quantitative 
SAR for the 10µm, 60µm and 105µm grain sizes. Zone 1 upstream of the Taipo discharge followed, 
with a higher 10µm accumulation than downstream zones due to a lower flow velocity, while Zones 
6, 7, and 8 showed lower sedimentation rates than Zones 1 and 2; however, rates within Zones 6, 7, 
and 8 generally increased downstream. Modelling for the 60µm and 105µm sediment fractions for all 
storm event scenarios only showed considerable accumulation in Zone 2. 
 

 
Figure 3.7: Sub-sections of Ahuriri Estuary for sediment transport modelling, by Eyre (2009). 
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3.3.3 Ahuriri Estuary: Sedimentary history 
Chagué-Goff et al. (2000) conducted a study investigating the effect of external forces on Ahuriri 
Estuary, namely urban anthropogenic effects and natural catastrophic events, and discovered that 
anthropogenic effects from the previous century are preserved in estuarine sediment. The authors 
recovered sediment cores from three morphologically diverse areas of Ahuriri Estuary: the northern 
intertidal zone of the central estuary, the southern intertidal zone of the central estuary adjacent to 
the Pandora Industrial area and the subtidal right bank of the main channel immediately downstream 
of the Taipo discharge. Chagué-Goff et al. (2000) subsampled the cores for 210Pb radioisotope, trace 
element, and grain size analyses. Chagué-Goff et al. (2000) deduced from 210Pb analysis that the top 
140mm of core S0 (Figure 3.9) was deposited between 1964 and the year of sample collection (1998), 
corresponding to an averaged SAR in Ahuriri Estuary’s south-central intertidal zone of 4.1mm yr-1. 
 

 
Figure 3.9: Map of core locations from Chagué-Goff et al. (2000). 

 

 
Figure 3.10: Stratigraphy and radioisotope age derivation of cores S0, S1 and S2, Ahuriri Estuary. Compiled from Chagué-

Goff et al. (2000). 
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Figure 3.11: Location and schematic of lithologies in analysed core samples in 'Poraiti Lane' Lagoon Farm, Napier. All years 

in cal. BP. Compiled from Hayward et al. (2015). 
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From both studies (Hayward et al., 2006; Hayward et al., 2015), the balance of net 7m subsidence over 
eight earthquakes (including seven subsidence events and one major uplift) from the previous 7200 
years is a finding consistent with Hull (1986) who created a composite sedimentary log from the base 
of the Poraiti Hills using radiocarbon dating of peat, wood, human bones and shells. Hull (1986) 
described the changes in sea level by comparing depositional environments to stratigraphic 
observations suggesting the fluctuations of sea level at the site of the sample were due to tectonic 
changes. In Hull (1990), the author then investigated the 1931 earthquake surface faulting and 
deformation. Both papers concluded that the sedimentary record of the uplift was well preserved in 
Ahuriri Estuary.  
 
 
3.3.4 Ahuriri Estuary: Sediment quality 
Alongside isotope analysis using 210Pb and 222Ra calculations, the study by Chagué-Goff et al. (2000) 
tested the three cores for grain size, iron, aluminium, lithium, arsenic, chromium, copper, nickel, lead, 
rubidium, vanadium, zinc, chlorine, bromine and Sulphur using a combination of spectrometry and X-
ray fluorescence (XRF). As expected from progressive urban development, Chagué-Goff et al. (2000) 
identifies generally increasing trends in trace metal concentrations in the three sediment core samples 
from time markers such as the 1931 earthquake. Figure 3.12, Figure 3.13 and Figure 3.14 taken from 
Chagué-Goff et al. (2000) show trace metal concentrations with depth for each core sample. Notably, 
levels of urban indicator contaminants copper, chrome and lead (Gadd et al., 2020; Hwang et al., 2016; 
Pitt et al., 1995) generally increase towards present, particularly in S1. This is suggestive of recent rises 
in discharge rates of these three metals and increases in fine sediment accumulation (Chester & 
Jickells, 2012; Smith et al., 2018; Thrush et al., 2004). 
 

 
Figure 3.12: Trace metal distribution in core 'S0': adjacent the Thames-Tyne discharge in the South-central Ahuriri Estuary 

(Chagué-Goff et al., 2000). 
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Figure 3.13: Trace metal distribution in core 'S1' in the north-central Ahuriri Estuary (Chagué-Goff et al., 2000). 

 

 
Figure 3.14: Trace metal distribution in core 'S2': adjacent the Taipo discharge, Ahuriri Estuary (Chagué-Goff et al., 2000). 
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The sediment trace metal concentrations studied by Chagué-Goff et al. (2000), who attributed 
contamination to the effects of urbanisation, are consistent with Strong (2005) who compared trace 
metal concentrations in surface sediments from 12 estuaries in Hawke’s Bay. Strong (2005) reiterated 
the high zinc and lead concentrations in Ahuriri Estuary and provided a comparison to other estuaries 
in the Hawke’s Bay (Figure 3.15). The copper, lead, arsenic, cadmium, chromium, nickel, zinc, iron and 
manganese measurements at urbanised Ahuriri Estuary are higher than at Waitangi Estuary, a 
restored rural-urban estuary, and Mahia’s Mangawhio Lagoon, a low-population rural-residential 
estuary (Strong, 2005). 
 

 
Figure 3.15: Mean trace metal concentration in surface sediment samples, Hawke's Bay estuaries (Strong, 2005). 
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discharge (site 1, Figure 3.16) with polycyclic aromatic hydrocarbon (PAH) levels an order of magnitude 
higher than from the other six core sites, reiterating conclusions of Chagué-Goff et al. (2000).  
 
Unlike Chagué-Goff et al. (2000), Ataria et al. (2007) considered many more point sources as potential 
sites of anthropogenic contamination than just the Thames-Tyne and included them in the 
comparative assessment. It is suggested in the conclusions of the He Moemoea study that the 
sediment in the vicinity of the Thames-Tyne discharge has a generally higher concentration of 
contaminants than elsewhere in Ahuriri Estuary. The authors attribute the higher concentrations 
adjacent the Thames-Tyne to the channelisation of the waterway system. Considering hydrodynamic 
assessments by Eyre (2009), it may be suggested that channelisation is less of a contributor than the 
tidal regime due to the system’s location. In addition, the openness and low gradient of the system 
(Ludlow, 2020) allows contaminant conveyance from relatively faster channelised flow into the low 
energy adjacent southern-central mudflats. 
 
In another surficial sediment quality assessment akin to Strong (2005), Kelly (2018) analysed the 
results of 73 20-mm sediment samples from the central Ahuriri Estuary. Heavy metal analyses echo 
the findings of Ataria et al. (2007), Chagué-Goff et al. (2000) and Strong (2005) featuring the high levels 
of sediment-bound zinc in particular around the Thames-Tyne discharge zone (Figure 3.17 and Figure 
3.18). The thorough surficial sediment profiling study by Kelly (2018) shows high concentrations of 
zinc around the Purimu discharge and the Old Tutaekuri Riverbed discharge: a result which Ataria et 
al. (2007) also identified. A study by Smith (2014) identified that the Old Tutaekuri Riverbed discharge 
zone had the highest sampled concentration of mean normalised trace zinc (Figure 3.19) when 
comparing 2014 surficial sediment results to other New Zealand reference estuaries. 
 

 
Figure 3.17: Total recoverable zinc from the <2mm fraction of surficial sediment samples (Kelly, 2018). 
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Other high concentrations of sediment trace metals in both the Smith (2014) and Kelly (2018) studies 
included chromium, copper, arsenic and lead, with higher concentrations largely restricted to the 
immediate intertidal discharge zones of the Thames-Tyne and Old Tutaekuri Riverbed. This likely 
reflects the influences on the estuary of both the Pandora Industrial and the Onekawa Industrial 
catchments, respectively. 
 

 
Figure 3.18: Total recoverable zinc from the <63µm fraction of surficial sediment samples (Kelly, 2018). 

 

 
Figure 3.19: Mean normalised trace zinc in estuarine sediment with New Zealand reference estuaries as comparisons. 'GPC' 
is the Old Tutaekuri Riverbed (Figure 3.36), 'PUR' is the discharge zone of the Purimu (Figure 3.36), and 'AHU' is a reference 

site for the Smith (2014) study (Figure 3.35). 
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3.3.5 Ahuriri Estuary: Tributary water quality 
Water quality monitoring can be a cost-effective indicator for assessing point-in-time estuarine health. 
However, physical parameters such as dissolved oxygen, conductivity, temperature and pH are largely 
reliant on external factors such as biological activity, salinity, estuarine tidal stages, weather, season 
time of day and additional chemical constituents. Ideally, water quality monitoring programs are 
developed which address spatial (i.e., across several sites within a waterbody), and temporal 
differences, which include across full tidal cycles, different times of the day (due to biological activity 
and oxygen depletion overnight), across seasons, and different weather events and years. 
 
Water quality is a vital constituent to understanding estuarine health, yet it can display extreme 
spatiotemporal variability, meaning physical parameter readings can be misrepresentative if 
extrapolated to a water body as point-in-time sampling; spot sampling can miss high-concentration 
yet brief contaminant pulses (Birch et al., 2000). Therefore, relevant and informative water quality 
data for the major tributaries of Ahuriri Estuary will be summarised in this section and will not be 
further investigated in the thesis. This analysis of surface water quality will act as a linkage between 
Objectives Two and Three: land use change assessment and the physicochemical quality of Ahuriri 
Estuary. 
 
A Napier city-wide surface water quality study was initiated by NCC in 2019. 22 sites across Napier city 
(Figure 3.20) have since been visited monthly to retrieve a grab-sample for analysis of chemical, 
physical and microbiological parameters (Napier City Council, 2021a). As this city-wide surface water 
quality monitoring program is ongoing, this is unpublished data which is part of a developing dataset. 
 
Figure 3.21 through to Figure 3.32 are bubble plot maps of mean annual concentrations of various 
chemical parameters to allow an understanding of the current state of surface water quality of the 
freshwater tributaries of Ahuriri Estuary. Concentrations are colour-coded to represent the 12-month 
means as ‘below’ or ‘above’ guideline values from the Australia New Zealand Environment and 
Conservation Council (ANZECC) 2000 and the Australia New Zealand (ANZG) 2018 guidelines for the 
protection of aquatic species (Napier City Council, 2021b). Points are additionally sized to represent 
degrees of difference to these guidelines. As the monitoring was initiated in a time of localised 
drought, some of the sites within the dataset were frequently dry and samples were therefore unable 
to be collected. This means there is a slight skew within the dataset regarding sites which allowed 
sampling only in wet weather, such as Plantation at Harakeke (Site 17 in Figure 3.20). The number of 
grab samples which comprise the means presented in the bubble plots are listed in Table 3.1, as well 
as parent waterway and Ahuriri Estuary sub-catchment detail for each site. 
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Figure 3.20: Map of numbered sites; Napier city-wide waterway monitoring project. Site names referenced in Table 3.1. 

Data obtained from Napier City Council (2021b). 
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Table 3.1: Site name, label on Figure 3.20, waterway, catchment, and number of grab samples contributing to mean values in bubble plots Figure 3.21 - Figure 3.32. Data obtained from Napier 
City Council (2021a) 

Name 
Label 

(Figure 
3.20) 

Waterway Catchment Number of 
grab samples 

Dry-weather 
samples (0-5mm 

rainfall in previous 
72hr) 

Wet-weather 
samples (>5mm 

rainfall in previous 
72hr) 

Onehunga at base of Pump Station 1 Onehunga Bayview-Onehunga 11 7 4 

Purimu 10m downstream Meeanee Road 2 Purimu Westshore Tidal 
Gates (WTG) 11 8 3 

Purimu 10m upstream Burness Road 3 Purimu WTG 11 8 3 
Purimu 50m downstream Saltwater Creek 4 Purimu WTG 10 7 3 
Purimu 50m downstream Pump Station 5 Purimu WTG 11 8 3 
Taipo at Ngarimu Road 6 Taipo Taipo 8 5 3 
Taipo 50m upstream Church Road 7 Taipo Taipo 10 7 3 
Taipo at Prebensen Road/Lagoon Farm 8 Taipo Taipo 10 7 3 
Anderson Park west pond outlet 9 Saltwater Creek WTG 6 3 3 
Saltwater Creek Westminster/Wharerangi 10 Saltwater Creek WTG 10 7 3 
Saltwater Creek 50m downstream Orotu 
Drive 11 Saltwater Creek WTG 9 6 3 

Waverley at Tannery/Ulyatt Road 12 Waverley WTG 9 6 3 
County at Harold Holt 13 County WTG 11 8 3 
County 50m upstream Taradale Road 14 County WTG 9 6 3 
County 50m downstream Taradale Road 15 County WTG 6 3 3 
County 50m downstream Pump Station 16 County WTG 8 5 3 
Plantation at Harakeke 17 Plantation WTG 9 6 3 
Plantation 50m upstream Latham Street 18 Plantation WTG 10 7 3 
Combined Plantation-OTRB at Ford Rd 
Bridge 19 Plantation-OTRB WTG 10 7 3 

OTRB at Nuffield Avenue 20 OTRB WTG 10 7 3 
OTRB 50m upstream Kennedy Road 21 OTRB WTG 10 7 3 
Forgotten Creek 22 OTRB WTG 5 4 1 
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The water chemistry in the tributaries of Ahuriri Estuary is variable, with several noticeable trends. 
Dissolved reactive phosphorus and total phosphorus (Figure 3.24 and Figure 3.25) are universally 
excessive across all of the 22 sites with many sites significantly above the guideline value for total 
phosphorus. Mean Chemical Oxygen Demand (COD) (Figure 3.26) also exceeds guideline values across 
all sites with the Onehunga Pump Station site adjacent to and discharging to the upper Ahuriri Estuary 
significantly above reference. Onehunga Pump Station shows an excessive 12-month mean for 
dissolved copper (Figure 3.21) and is the only site to exceed the value for dissolved lead (Figure 3.23). 
 
The plot of 12-month means for Nitrate-N shows that 15 of the 22 sites are below the reference value 
for the protection of aquatic species. The 12-month means for the remaining seven sites exceed this 
nitrate reference value with Forgotten Creek (site 22) and County at Harold Holt (site 13) showing very 
high readings. Nitrite-N 12-month means are universally excessive with County at Harold Holt again 
proving a nutrient-enriched section of the waterway. Chlorophyll a density can be considered a reliant 
factor on nitrogen bioavailability (Borja et al., 2011) and the 12-month means for Chlorophyll a show 
an averaged excess over six of the 22 sites with County at Harold Holt again showing highly excessive 
concentrations. Where Nitrate-N and Chlorophyll a is concerned, there does not appear to be a suburb 
based, waterway specific, or sub-catchment pattern to the exceedances. 
 
The 12-month mean plot for Total Suspended Solids (TSS) indicates that the Napier urban waterways 
experience higher sediment loading than advised by the guideline values for aquatic species 
protection. Mobilisation of terrigenous sediment into waterways is catalysed by rainfall (Chester & 
Jickells, 2012). Table 3.1 shows that the 12-month means for the majority of the 22 sites encapsulates 
only three samples collected during a rainfall event (with greater than 5mm cumulative rainfall in the 
previous 72 hours) (Napier City Council, 2021b). With many of the samples being collected in dry 
weather, the implication is that most sites often exceed reference values for TSS. This can be further 
explained by similar trends seen in dissolved versus total zinc and copper, with particulate-bound Zn 
and Cu represented by the total minus the dissolved fraction. The 12-month means for total zinc 
(Figure 3.28) and total copper (Figure 3.22) are higher than the dissolved means. Higher 12-month 
mean total copper concentrations trend toward the upper reaches of the waterways except for County 
Pump Station (site 16). Total zinc is much more universal with particularly high concentrations 
observable in and around the Onekawa Industrial area. 
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Figure 3.21: 12-month mean dissolved copper concentration. 

 
Figure 3.22: 12-month mean total copper concentration. 

 
Figure 3.23: 12-month mean dissolved lead concentration. 

 
Figure 3.24: 12-month mean dissolved reactive phosphorus 

concentration. 

 
Figure 3.25: 12-month mean total phosphorus concentration. 

 
Figure 3.26: 12-month mean Chemical Oxygen Demand (COD) 

concentration. 
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