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Executive summary 

Monthly water samples have been collected at sites around the Auckland region since 

1987. Long-term monitoring is important for identifying trends in water quality parameters 

that are highly variable between seasons and years. This report focuses on trends 

occurring between 2007 and 2016. During this time period we monitored 36 sites across 

seven areas: the east coast, Mahurangi Harbour, Waitematā Harbour, Tāmaki Strait, 

Tāmaki Estuary, Manukau Harbour, and Kaipara Harbour.  

Our 10-year trend analysis showed that water quality has been largely improving across 

the region since 2007. There were some sites, however, where water quality is declining, 

mainly in the upper Waitematā Harbour. At these sites, nutrient and suspended sediment 

concentrations have been significantly increasing over the last five to 10 years, possibly 

due to an increase in urban development in these areas. We also found significant 

increasing trends in sea surface temperature across nearly all sites in the Kaipara, 

Manukau, and Waitematā harbours. These increases are consistent with predicted 

patterns of sea surface temperature increase due to global climate change.  

Despite improving trends in water quality, many parameters still exceed water quality 

thresholds for the Auckland region that are used to assess ecosystem health. Thresholds 

were exceeded most frequently in the Manukau and Kaipara harbours and for total 

suspended sediment, total organic nitrogen, and total nitrogen concentrations.  

In order to continue to see improvements in water quality and to mitigate current and future 

effects of development throughout the Auckland region, we recommend continued 

interdepartmental work programmes within council and with external organisations that 

identify additional management and mitigation measures that reduce impacts to water 

quality; assessing the effectiveness of existing policies (e.g., sediment ponds, riparian 

planting) to improve water quality; increasing the overlap between terrestrial, freshwater 

and marine state of the environment monitoring sites so the effects of land-based activities 

can be better assessed; and establishing continuous monitoring water quality sites that 

measure water quality during storm conditions when runoff is greatest. 
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1.0 Introduction  

The Auckland marine environment is a valued taonga. Seventy-five per cent of 

the Auckland region is marine space (~15,000km2) and is comprised of two 

oceans, four major estuarine harbours, and numerous estuaries. Marine water 

quality strongly influences the vast array of marine habitats and species found 

in the marine waters of the Auckland region, as well as the complex ecological 

interactions that support a fully functioning marine ecosystem. Maintaining 

marine water quality is important for people too; there are many beaches close 

to Auckland that provide for multiple recreational uses (e.g., walking, swimming 

and surfing). 

Although the sea is large, our actions on land can affect marine water quality 

and associated ecosystems. The health of our marine waters is influenced by 

runoff from the land that reaches the ocean, as well as discharges from 

stormwater and wastewater systems (Auckland Council 2015). Land use 

change and increased population are major drivers of water quality decline. 

Auckland has undergone great change in the span of time this report covers, 

from 2007 to 2016. Population in the Auckland region grew by approximately 

300,000 people during that time and the amount of urban space increased by 

eight per cent (4222ha) between 1996 and 2012. There was a similar increase 

in the amount of exotic forest in the region, most likely a reflection of increased 

forestry activity. Infrastructure to support Auckland’s growing population has 

also increased, including roading and wastewater treatment plants (WWTP), 

both of which can affect marine water quality due to runoff and overflows. 

These historic and ongoing developments and modifications in Auckland region 

catchments contribute to declines in marine water quality. Faecal contamination 

of beaches after heavy rainfall and continued sedimentation of harbours and 

estuaries illustrate the connections between land and coastal waters and the 

sensitivity of these marine ecosystems to human activity (Auckland Council 

2015). Understanding how marine waters are being affected by these changes 

requires long-term data sets that capture the variability in water quality. Water 

quality data are inherently variable due to changing weather patterns and 

biological productivity throughout the year. Long-term data is necessary so we 

know what a “normal” amount of variability looks like and can detect real trends 

that may be attributed to land-use change and/or climatic variation. Auckland 

Council’s ability to manage water quality in its harbours, estuaries, and open 
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coastlines would be limited without the long-term data RIMU has been 

collecting. 

1.1 Legislative requirements for marine monitoring 

The marine water quality programme was designed to meet national and 

regional legislative objectives and fits under the Auckland Plan directives 

including to: 

 Satisfy Auckland Council’s Resource Management Act 1991 section 35 

obligations with respect to state of the environment reporting; 

 Maintain and enhance the quality of environmental monitoring (Local 

Government Act 2002); 

 Provide baseline data that is regionally representative; 

 Inform the efficacy and efficiency of mitigation measures and policy 

initiatives and strategies; and 

 Identify persistent and/or cumulative impacts of sediment, nutrients, and 

contaminants associated with various land uses and disturbance regimes 

and link these to particular activities. 

1.2 Report purpose and scope  

The purpose of this report is to assess the current state of marine water quality 

across the Auckland region and determine if water quality has improved, 

remained the same, or deteriorated over the reporting period. We compare and 

contrast water quality state and trends across multiple areas of the Auckland 

region. The marine water quality parameters we measure provide us with a 

picture of the health of the system for animal and plant life that live in coastal 

aquatic habitats, as well as for people visiting these areas.  

The last technical report on state and trends of marine water quality in the 

Auckland region was prepared by Scarsbrook (2008), which included a 

comprehensive analysis of state and trends of 27 sites from 1987 through 2007. 

In this report, we present long-term trends from 2007 to 2016, provide a water 

quality state analysis based on the last five years of data (2011 to 2016), and 

compare mean annual values to water quality thresholds derived from reference 

sites within the region. We use these three analyses together to identify 

significant change (for better or worse) in marine water quality and inform 

current and emerging water quality issues over relevant spatial (from individual 

sites to entire harbours) and temporal (years to decades) scales. We also 
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compare the trends from 2007 to 2016 to trends from 1999 to 2008 (Scarsbrook 

2008). 

1.3 Marine water quality monitoring programme history 

The marine water quality programme was designed to assess water quality on a 

regional scale over decadal time scales; therefore, we selected representative 

sites for each harbour or stretch of coastline. This programme was not designed 

to monitor point discharges or specific issues; we do, however, monitor 

additional sites not included in this report for these purposes. The Auckland 

region has five types of coastal hydrosystems, including open coast, coastal 

embayments, tidal lagoons, tidal rivers, and drowned valleys (Hume et al. 

2007). We predominantly sample in the two types most common in the 

Auckland region – open coast and drowned valleys. Most of our estuaries are 

further characterised as shallow, tidally-dominated estuaries (Robertson et al. 

2016). The classification system for coastal hydrosystems was developed 

based on climatic, oceanic, riverine, and catchment processes (Hume et al. 

2007) and can be used to determine the susceptibility of an estuary to 

eutrophication (excess nutrients) (Robertson et al. 2016).  

The marine water quality programme commenced in 1987 with six sites in the 

Manukau harbour (Table 1), following the Waitangi Tribunal decision on the 

Manukau Claim (Waitangi Tribunal 1985). We added additional sites to the 

programme in the early 1990s as water quality concerns across the region 

began to grow. Between 1991and 1993, the programme was expanded to 

include sites in the Waitematā Harbour, Hauraki Gulf, and Kaipara Harbour. 

This network was the status quo until an Auckland Regional Council programme 

review in 2008 resulted in the addition of one site in the Manukau Harbour 

(Manukau Heads), two sites in Tāmaki Strait and six sites in the Kaipara. An 

additional site in Manukau Harbour (Waiuku Town Basin) was added in 2012 

based on water quality concerns voiced by the Franklin Local Board. Since the 

last state and trends report in 2008, we have removed some sites from our 

sampling programme due to logistical and budgetary constraints (Table 1). We 

do, however, include these sites in our data analysis of the entire monitoring 

data set. They are only included in trend analyses if they meet data 

requirements (see methods).  

Where possible, we use our water quality data in conjunction with ecological 

and contaminant data to provide an integrated overview of the physical, 

chemical, and biological condition of the Auckland’s marine environment. 
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A comprehensive trend analysis is conducted approximately every five years; 

however, the last marine water quality report was published in 2008, reporting 

trends from 1993 to 2007 (Scarsbrook 2008).   

The marine water quality monitoring programme is also reviewed on a regular 

basis. The most recent published review was conducted concurrently with the 

last trend analysis in 2008 (Scarsbrook 2008). A number of recommendations 

were made in this report along with detailed analysis of long-term changes in 

water quality for the Auckland region. This report is available on Knowledge 

Auckland (www.knowledgeauckland.org.nz). A specific review of the Mahurangi 

Harbour, Upper Waitematā Harbour and Tamaki Estuary was last undertaken in 

2001 (Wilcock and Kemp 2001). 
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Table 1-1. Auckland Council marine water quality programme monitoring sites 
(location details in NZTM). 
 

Site Area Easting Northing Start End Platform 

Browns Bay East Coast 1757934 5935780 1991  Helicopter 

Goat Island East Coast 1761835 5984910 1993  Helicopter 

Orewa East Coast 1753273 5949612 1991  Helicopter 

Ti Point East Coast 1760222 5978524 1991  Helicopter 

Hoteo River Kaipara Harbour 1726690 5967497 2009  Helicopter 

Kaipara Heads Kaipara Harbour 1709351 5970137 2009  Helicopter 

Kaipara River Kaipara Harbour 1726372 5946975 2009  Helicopter 

Makarau Estuary Kaipara Harbour 1728450 5953472 2009  Helicopter 

Omokoiti Beacon Kaipara Harbour 1718659 5961178 2009 2015 Helicopter 

Shelly Beach Kaipara Harbour 1723526 5951872 1991  Helicopter 

Tauhoa Channel Kaipara Harbour 1717979 5969681 2009  Helicopter 

Dawsons Creek Mahurangi Harbour 1753554 5966410 1993  Helicopter 

Mahurangi Heads Mahurangi Harbour 1754382 5959892 1993  Helicopter 

Clarks Beach Manukau Harbour 1748630 5897349 1987  Helicopter 

Grahams Beach Manukau Harbour 1749651 5888082 1987  Helicopter 

Mangere Bridge Manukau Harbour 1758588 5910714 1987  Helicopter 

Manukau Heads Manukau Harbour 1708915 5970600 2009  Helicopter 

Puketutu Point Manukau Harbour 1753877 5908724 1987  Helicopter 

Shag Point Manukau Harbour 1748379 5908452 1987  Helicopter 

Waiuku Town Basin Manukau Harbour 1753690 5878187 2012  Helicopter 

Weymouth Manukau Harbour 1764925 5897672 1987  Helicopter 

Panmure Tāmaki Estuary 1765295 5913934 1992  Land 

Tāmaki Tāmaki Estuary 1769372 5917448 1992  Land 

Turanga Estuary Tāmaki Strait 1774464 5914091 2009 2015 Helicopter 

Wairoa River Tāmaki Strait 1786443 5909850 2009  Helicopter 

Brighams Creek Waitematā Harbour 1742758 5928019 1993  Boat 

Chelsea Waitematā Harbour 1753944 5922872 1991  Boat 

Confluence Waitematā Harbour 1743962 5929039 1993 2014 Boat 

Henderson Creek Waitematā Harbour 1746712 5923648 1991  Boat 

Hobsonville Jetty Waitematā Harbour 1749321 5927317 1991  Boat 

Lucas Creek Waitematā Harbour 1750045 5932471 1993  Boat 

Paremoremo Ski Club Waitematā Harbour 1745746 5930178 1993  Boat 

Rangitopuni Creek Waitematā Harbour 1742836 5929868 1993  Boat 

Rawawaru Creek Waitematā Harbour 1744434 5928653 1993 2015 Boat 

Waimarie Road Waitematā Harbour 1746213 5929089 1993 2015 Boat 

Whau Creek Waitematā Harbour 1748289 5920291 1991  Boat 
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2.0 Methods 

2.1 Site locations 

We monitored marine water quality monthly by helicopter, boat, and coastal 

structures. Sampling by helicopter enables us to collect water samples over 

broad scales within a narrow time frame to minimise tidal variations between 

sites. Sampling was divided into seven geographically distinct areas: East 

Coast (four sites), Mahurangi Harbour (two sites), Kaipara Harbour (seven 

sites), Manukau Harbour (eight sites), Tāmaki Estuary (two sites), Tāmaki Strait 

(two sites), and Waitematā Harbour (eleven sites) (Table 1-1; Figure 2-1). 

2.2 Water quality parameters 

We routinely measured seventeen water quality parameters at each site to 

determine the health of the regions coastal waters (see Table 2-1). These 

parameters were chosen because they are affected by human activities (e.g., 

land use and climate change) and can affect the growth and survival of marine 

plants and animals.  

Dissolved oxygen (measured as % saturation and parts per million) is used to 

determine if a waterbody is producing more oxygen (from photosynthesis or 

aeration) than is being consumed (by invertebrates, fish, and microbes). Low 

values are often associated with high rates of decomposition of organic matter, 

and can drive losses in species abundance and diversity (Zhang et al. 2010).  

Temperature is a key driver in aquatic systems of oxygen concentration, growth 

rates, and species abundance and distribution. Temperature is also a useful 

metric for assessing changing water conditions due to land use change, 

restoration activities, and climate change.   

Conductivity and salinity measure the concentration of salt in the water column. 

Conductivity is directly measured, while salinity is derived from conductivity and 

water temperature. In coastal marine waters, these measures can be used to 

show when and how much freshwater enters estuaries and coastal waters due 

to freshwater run off, as well as the interplay between fresh and salt water 

during different tidal phases.  

Total suspended solids (including sediment and organic matter) and turbidity 

are measures of water clarity. As the amount of suspended solids increases, 

turbidity increases and water clarity decreases. Reduced water clarity can 
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decrease photosynthetic rates in plants, lower foraging efficiency for visual 

predators, and clog feeding structures (e.g., gills) of multiple species. High 

concentrations of suspended sediment can also affect overall ecological health, 

as well as the aesthetic and recreational qualities of a waterway.   

The nutrients we measure in our samples, including nitrate, phosphate, and 

ammonia, are all necessary for plants to photosynthesize and are often the 

limiting factors in primary production. However, excess nutrients – often from 

human-based inputs or land-use change – can accumulate in the system, 

leading to algal blooms (including toxic ones), reduced oxygen concentration, 

and overall ecosystem degradation.  

Chlorophyll-a is a measure of the amount of phytoplankton in the water column. 

Phytoplankton forms the base of the food chain, making them a critical 

component of marine food webs. However, an overabundance of phytoplankton 

– or algal bloom – can occur when excess nutrients are present in the system. 

Excess phytoplankton is a problem because as they are decomposed by 

microbes, dissolved oxygen levels decrease. In extreme circumstances, algal 

blooms can be followed by low oxygen, or hypoxic conditions, which can kill fish 

and shellfish.     

2.3 Sample collection 

We standardised sample collection time relative to the tidal cycle to reduce 

diurnal variation in our samples caused by tidal influence and improve the 

power of long-term trend detection. We collected samples approximately 30 

minutes to three hours after high tide for the Kaipara Harbour, Waitematā 

Harbour, and east coast sites, and 2.5 to four hours after high tide for the 

Manukau Harbour. We measured a subset of parameters in the field using a 

portable multi-parameter meter (YSI 85 – prior to 2009; YSI 556 – Nov 2008 to 

Sep 2014; EXO2 – Sep 2014 to present) at a depth of 0.3m below the surface. 

For parameters measured in the lab, we collected water in clean bottles at 

approximately 0.3m depth and stored them on ice until they arrived at the lab for 

analysis (samples were analysed within 24 hours of collection). The number of 

parameters included in our sampling has varied since the programme’s 

inception as new technology became more affordable, instrument sensitivity 

improved, and programme reviews assessed the validity of individual 

parameters. We summarise all parameters over the time series, but only include 

parameters with sufficient data for the trend and state analyses (see details 

below).  
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Laboratory samples were analysed under contract by Watercare Laboratory 

Services Ltd, an IANZ accredited laboratory. Analytical methods follow the 

“Standard Methods for the Examination of Water and Wastewater” 22nd Edition 

(APHA 2005). Quality control measures are undertaken in accordance with 

Auckland Council’s internal standards, which meet ISO 9001:2008. This covers 

procedures for the collection, transport, and storage of samples; methods for 

data verification; and quality assurance to ensure consistency and accuracy 

across the monitoring programmes.   
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Figure 2-1. Locations of marine water quality monitoring sites 
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2.4 Data storage 

The data collected using a portable multi-parameter meter were downloaded 

from the unit after each sampling run and uploaded into the Hydstra database 

for archiving. When laboratory test results from WaterCare were received, they 

were assessed to determine if they were within acceptable range, and were 

then uploaded into the Hydstra database. All data are available to the public 

upon request to environmentaldata@aklc.govt.nz 

Table 2-1. Measured marine water quality parameters. 
 

Parameter Unit 
Detection 

Limit 
Method Source 

Temperature oC 0.1 Handheld meter (YSI-556/EXO2) Field 

Conductivity mS/cm 0.1 Handheld meter (YSI-556/EXO2) Field 

Salinity ppt 0.01 Handheld meter (YSI-556/EXO2) Field 

pH pH units 0.01 Handheld meter (YSI-556/EXO2) Field 

Dissolved oxygen ppm 0.1 Handheld meter (YSI-556/EXO2) Field 

Dissolved oxygen 
saturation 

% sat 0.01 Handheld meter (YSI-556/EXO2) Field 

Total suspended 
sediment 

mg/L 0.2 APHA (2012) 2540 D Lab 

Turbidity NTU 0.1 APHA (2012) 2130 B (modified) Lab 

Nitrate nitrogen (NO3) mg/L 0.002 Calculation (TON - NO2) Lab 

Nitrite nitrogen (NO2) mg/L 0.002 APHA (2012) 4500-NO3 I Lab 

Total oxidised nitrogen 
(nitrate + nitrite; TON) 

mg/L 0.002 APHA (2012) 4500-NO3 I Lab 

Ammoniacal nitrogen 
(NH3-N) 

mg/L 0.005 APHA (2012) 4500-NH3 H Lab 

Total kjeldahl nitrogen 
(TKN) 

mg/L 0.02 
APHA (2012) 4500-org A, D 

Modified (until 2009); calculated 
(after 2009) 

Lab 

Total nitrogen (TN) mg/L 0.02 
APHA (2012) 4500-P J (modified), 

4500-NO3 I 
Lab 

Soluble reactive 
phosphorus 

mg/L 0.0006 APHA (2012) 4500-P F Lab 

Total phosphorus mg/L 0.005 APHA (2012) 4500-P J (modified) Lab 

Chlorophyll a mg/L 0.0006 APHA (2012) 10200 H Lab 
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2.5 Data analysis 

Our marine water quality programme is the longest running marine water quality 

data set for coastal waters in New Zealand. For all sites, we present data for 

their full sampling record to show how conditions have changed over time. In 

addition to the data transformations discussed below, we pH-corrected 

ammoniacal nitrogen concentration data prior to analysis. 

2.5.1 Variations in detection limits 

Parameter values occasionally fall above (right-censored data) or below (left-

censored data) the detection limit of an instrument or sensor. Instead of 

removing these data points from our analysis, we used the method suggested 

by Helsel (2012) and substituted a specific value into the data using regression 

on order statistics (ROS), which produces separate, unique replacement values 

for each censored data point that is consistent with the distribution of the 

uncensored values in the data set (Helsel 2012, Larned et al. 2015).  

The stated detection limits (DLs) for the laboratory based parameters (Table 2-

1) are the most recent DLs information from WaterCare Laboratory Services. 

However, this does not accurately reflect the changes in DLs over time. 

Generally lower DLs have decreased over time due to better testing methods, 

such as for ammonia and total phosphorus, which reduced the lower detection 

limit from 0.01 to 0.0025 mg N/L. The DL for other parameters, however, have 

been consistent (e.g., the DL for nitrate = 0.002 mg N/L). To address these 

variations in detection limits over time and analyse censored data (data less 

than detection limits), we used the NADA package in R (R Core Team 2013, 

Helsel 2012) to generate ROS values for our left-censored data and used these 

values in all subsequent analyses. 

2.5.2 Trend analyses 

Seasonally-adjusted non-parametric methods are widely used to determine 

trends in water quality data (Helsel and Hirsch 1992; Ballantine 2012). We 

analysed our monthly water quality data from all sites for trends in individual 

parameters using Seasonal Kendall tests, which reduce the effect of seasonal 

variation on trend detection. We then calculated the median annual slope using 

Sen’s slope estimate, as well as the probability that the slope is different from 

zero using the z-score. Because there are two alternate hypotheses for the 

slope (i.e., the slope is increasing or the slope is decreasing), we assessed the 
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direction of the trend using two, one-tailed tests. The resulting 90% confidence 

interval indicated if the trend was positive (greater than 0) or negative (less than 

0). If the confidence interval included zero, we determined the trend was 

indeterminate due to a lack of data to detect a trend, rather than no trend 

existed. If the Seasonal Kendall test was significant (i.e., p-value < 0.05) and 

the probability of the positive or negative slope was greater than 95%, we 

interpreted the result as significant. If the per cent annual change – calculated 

from the annual Sen slope – was greater than 1%, the trend was considered 

meaningful.   

We used TimeTrends (NIWA, version 6.3) to analyse trends for individual 

parameters from our monthly water quality data where enough data were 

available, as suggested by Ballantine (2012). For the 10-year analysis, at least 

95 data points were required; at least 55 data points were required for the 5-

year analysis. We could not test for 10-year trends in total nitrogen (TN) 

concentration because we started measuring TN in 2009. For these data, we 

ran an eight-year trend analysis for sites that had more than 90 data points. We 

used the 10-year analysis (2007 to 2016) to examine long-term trends in water 

quality and the five-year analysis (2011 to 2016) to identify emerging trends.  

We performed the trend analyses over two spatial scales. Firstly, sites were 

pooled by their respective area (n=7) to provide a sub-regional assessment of 

water quality (see Table 1 for location groupings). Secondly, trends from 

individual sites were assessed to determine local-scale patterns and to help 

identify potential drivers of water quality changes. 

2.5.3 Water quality thresholds 

Assessing trends helps determine if and how water quality is changing, but 

water quality thresholds are also needed in order to determine if water quality 

parameters are likely to be contributing to ecological health declines. Unlike 

freshwater, there are no widely agreed upon water quality thresholds for 

estuarine and marine waters for New Zealand. The Australian and New Zealand 

Environment and Conservation Council (ANZECC) published guidelines in 2000 

for fresh and marine water quality (ANZECC 2000), but these thresholds have 

not been widely used in New Zealand for assessing water quality because it is 

not clear is the thresholds are set at meaningful levels for ecosystem condition 

in New Zealand’s waters (Griffiths 2016).  

Northland Regional Council recently undertook an exercise to develop water 

quality thresholds for their region using reference sites from open coast and 
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estuarine sites. As specified in the ANZECC guidance (2000), they used the 

80th percentile value for parameters of interest from their reference sites to 

determine a water quality threshold. In many cases, the threshold derived from 

their data was well aligned with the ANZECC guidelines (Griffiths 2016). We 

used the same approach to determine thresholds for water quality in the 

Auckland region. We defined our sites as either open coast or estuary and used 

reference sites from each habitat type to determine the thresholds (Table 2-2). 

We used 10 years of data (2007 to 2016) from Goat Island and Ti Point as 

reference sites for open coast waters and Chelsea and Hobsonville Jetty for the 

estuarine waters. We assessed eight water quality parameters in our analysis: 

dissolved oxygen, total suspended sediment, turbidity, ammoniacal nitrogen, 

oxidised nitrogen, total nitrogen, soluble reactive phosphorus, and total 

phosphorus. We used the ANZECC thresholds if the 80th percentile values 

were the same or lower, and used our data to set the threshold when values 

exceeded the ANZECC thresholds (denoted in the “Source” column of Table 2-

2).  

 

Table 2-2. Suggested marine water quality thresholds for the Auckland region 
Suggested thresholds for eight water quality parameters based on the 80th percentile 
value from 10 years of data from reference sites in open coast and estuarine waters. 

Parameter Threshold marine Threshold estuary Source 

Dissolved oxygen (% sat) > 90%, < 110% > 90%, < 110% ANZECC 2000 

Total suspended solids < 7 mg/L < 16 mg/L Auckland Council 

Turbidity < 1 NTU < 10 NTU 
Auckland Council / 

ANZECC 2000 

Ammoniacal nitrogen < 0.015 mg/L < 0.015 mg/L ANZECC 2000 

Nitrate + nitrite nitrogen < 0.027 mg/L < 0.029 mg/L Auckland Council 

Total nitrogen < 0.060 mg/L < 0.110 mg/L Auckland Council 

Soluble reactive 
phosphorous 

< 0.012 mg/L < 0.021 mg/L Auckland Council 

Total phosphorus < 0.025 mg/L < 0.032 mg/L 
ANZECC 2000 / 
Auckland Council 
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3.0 Results 

3.1 Water quality trends 

Trends are reported for two time periods: 2007 to 2016 (10 years) and 2012 to 

2016 (five years). Auckland Council traditionally reports 10-year trends for all 

State of the Environment monitoring programmes whenever possible. We 

added the five year analysis because we have seen increasing values of 

nutrients and sediment in the last few years around the region and wanted to 

investigate recent trends using the five year trend analysis. We have also 

provided data and trends for the whole long-term data set in Appendix B for all 

sites. 

3.2 Area trends 

Looking across sampling areas, our analysis showed that marine water quality 

is continuing to improve across the region. The 10-year trend analysis showed 

significant declines in oxidised nitrogen (nitrate+nitrite) and total phosphorus 

concentrations, and increases in dissolved oxygen saturation across most 

sampling areas between 2007 and 2016 (Table 3-1). There were significant 

increases in temperature in three areas – East Coast, Mahurangi Harbour, and 

Manukau Harbour. The per cent annual increase for these areas was between 

0.35% (east coast and Mahurangi) and 0.7% (Manukau) above the median so it 

is not considered a meaningful change. However, this increase is consistent 

with expected increases in sea surface temperature due to climate change 

(Pearce et al. 2018). Turbidity and total suspended sediment concentrations 

significantly decreased at East Coast, Kaipara, and Tāmaki Estuary areas; total 

suspended sediment concentration increased in the Waitematā.  
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Table 3-1. Significant 10-year trends in water quality  
Significant trends for each sampling area are indicated with up (increasing) or down 
(decreasing) arrows; NT = no significant trend detected. # - TN trend analysis run using 
eight years of data, 2009-2016. Red arrows indicate that the per cent annual change 
was greater than 1%, which is considered a meaningful change. Sal – salinity (ppt); 
Tmp – temperature (oC); Turb – turbidity (NTU); TSS – total suspended solids (mg/L); 
DO% - dissolved oxygen (% saturation); NOx – nitrate + nitrite (mg/L); NH3 – pH-
adjusted ammonia (mg/L); SRP – soluble reactive phosphorus (mg/L); TP – total 
phosphorus (mg/L); Chl – chlorophyll a (mg/L). # - TN trend analysis done using eight 
years of data (2009-2016). 

 

Area Sal Tmp Turb TSS DO% NOx NH3 TN# SRP TP Chl 

East Coast NT ↑ ↓ ↓ NT ↓ NT ↑ ↓ ↓ ↓ 

Kaipara ↑ NT ↓ ↓ ↑ ↓ ↓ NT ↓ ↓ NT 

Mahurangi NT ↑ NT NT ↑ ↓ NT NT ↓ ↓ ↓ 

Manukau ↑ ↑ NT NT ↑ ↓ ↓ NT ↓ ↓ ↑ 

Tāmaki Estuary ↑ NT ↓ ↓ ↑ ↓ NT NT NT ↓ NT 

Tāmaki Strait NT ↑ NT NT NT ↓ ↑ NT NT ↓ NT 

Waitematā ↑ ↑ NT ↑ ↑ ↓ ↑ NT NT ↓ ↓ 

 

The five year analysis revealed some emerging trends at the area scale that 

warrant attention (Table 3-2) because they indicate a potential change in the 

trajectory of water quality. For instance, total nitrogen trends and soluble 

phosphorus trends at two sites shifted from indeterminate trends to increasing 

trends (blue boxes, Table 3-2). There was also a change from decreasing 

trends to indeterminate trends at all areas for total oxidised nitrogen (NOx) and 

at most areas for total and soluble phosphorus concentrations, respectively 

(Table 3-2). While the five year trend for these two parameters is not 

determinate, the absence of a continued significant downward trend suggests 

that patterns are changing and water quality may no longer be improving. 
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Table 3-2. Significant 5-year trends in water quality  
Significant trends for each sampling area are indicated with up (increasing) or down 
(decreasing) arrows; NT = no determinate trend detected. Site-parameter combinations 
marked with a dash (-) were not included in the analysis because they did not have an 
adequate number of samples for the trend test (n = 55). The shaded boxes are 
indicative of trends that are opposite to those seen in the 10 year trend analysis (grey – 
trend changed from increasing to indeterminate or indeterminate to decreasing; blue – 
trend changed from decreasing to indeterminate or indeterminate to increasing). Sal – 
salinity (ppt); Temp – temperature (oC); Turb – turbidity (NTU); TSS – total suspended 
solids (mg/L); DO% - dissolved oxygen (% saturation); NO3 – nitrate (mg/L); NH3 – 
pH-adjusted ammonia (mg/L); SRP – soluble reactive phosphorus (mg/L); TP – total 
phosphorus (mg/L); Chl – chlorophyll a (mg/L). 

 

Area Sal Temp Turb TSS DO% NOx NH3 TN SRP TP Chl 

East Coast NT NT ↓ NT NT NT ↑ ↑ NT NT NT 

Kaipara NT ↑ NT NT NT NT NT ↑ NT NT NT 

Mahurangi NT NT NT NT NT NT NT NT NT NT NT 

Manukau NT ↑ NT NT ↑ NT NT ↑ NT NT NT 

Tāmaki Estuary NT ↑ ↓ NT ↑ NT NT NT ↑ NT NT 

Tāmaki Strait NT NT NT NT NT NT NT NT NT ↓ NT 

Waitematā NT ↑ NT NT ↑ NT ↑ NT ↑ NT NT 

 

3.3 Site trends 

For some parameters, the site-level analysis showed similar patterns to the 

area analysis. In the 10-year trend analysis, we found significant decreasing 

trends in total oxidised nitrogen and total phosphorus concentration at most 

sites. However, we found significant increasing trends in total nitrogen and 

soluble reactive phosphate in the 5-year analysis. For other parameters, we 

saw more nuanced patterns in water quality trends at the site level (Tables 3-3 

and 3-4), which we highlight below.  
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Table 3-3. Significant 10-year trends in water quality  
Significant trends for each sampling site are indicated with up (increasing) or down 
(decreasing) arrows; NT = no significant trend detected. Site-parameter combinations 
marked with a dash (-) were not included in the analysis because they did not have an 
adequate number of samples for the trend test (n = 95). Red arrows indicate that the 
per cent annual change was greater than 1%, which is considered a meaningful 
change. Sal – salinity (ppt); Tmp – temperature (oC); Turb – turbidity (NTU); TSS – total 
suspended solids (mg/L); DO% - dissolved oxygen (% saturation); NOx – nitrate + 
nitrite (mg/L); NH3 – pH-adjusted ammonia (mg/L); SRP – soluble reactive phosphorus 
(mg/L); TP – total phosphorus (mg/L); Chl – chlorophyll a (mg/L). # - TN trend analysis 
done using eight years of data (2009-2016). 

 

Site Sal Tmp Turb TSS DO% NOx NH3 TN# SRP TP Chl 

East Coast (open coast sites) 

Browns Bay NT NT NT NT NT ↓ NT NT NT ↓ ↓ 

Goat Island NT NT NT ↓ NT ↓ NT NT ↓ ↓ NT 

Orewa NT NT ↓ ↓ NT ↓ NT NT ↓ ↓ ↓ 

Ti Point NT NT NT ↓ NT ↓ NT NT NT ↓ NT 

Kaipara Harbour (Shallow, intertidal-dominated estuary) 

Shelly Beach ↑ NT ↓ ↓ ↑ ↓ ↓ NT ↓ ↓ NT 

Mahurangi Harbour (Shallow, intertidal-dominated estuary) 

Dawsons Creek NT NT ↓ NT NT ↓ NT NT ↓ ↓ ↓ 

Mahurangi Heads NT NT NT NT NT ↓ NT NT ↓ ↓ ↓ 

Manukau Harbour (Shallow, intertidal-dominated estuary) 

Clarks Beach NT ↑ NT NT NT ↓ NT NT ↓ ↓ ↑ 

Grahams Beach NT ↑ NT NT NT ↓ NT NT ↓ ↓ NT 

Mangere Bridge NT ↑ NT NT ↑ ↓ ↓ NT ↓ ↓ ↑ 

Manukau Harbour 
Mouth 

- ↑ NT NT NT ↓ - NT ↓ ↓ NT 

Puketutu Point NT ↑ NT NT ↑ NT NT NT ↓ ↓ ↑ 

Shag Point NT ↑ NT NT ↑ ↓ ↓ NT ↓ ↓ NT 

Weymouth NT ↑ NT ↑ NT ↓ NT NT ↓ ↓ ↑ 

Tamaki Estuary (Shallow, intertidal-dominated estuary) 

Panmure NT NT NT NT ↑ ↓ NT NT NT NT NT 

Tamaki ↑ NT ↓ ↓ ↑ ↓ NT NT NT ↓ NT 
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Tamaki Strait 

Wairoa River 
Mouth 

- - - - - ↓ - NT NT ↓ NT 

Waitematā Harbour (Shallow, intertidal-dominated estuary) 

Brighams Creek NT NT NT ↑ ↑ NT NT NT NT ↓ NT 

Chelsea NT ↑ NT NT NT ↓ NT NT ↓ ↓ NT 

Henderson Creek NT ↑ NT NT NT ↓ ↑ ↑ NT ↓ NT 

Hobsonville Jetty NT NT NT NT ↑ ↓ ↑ NT NT ↓ NT 

Lucas Creek NT NT NT NT NT NT NT NT NT ↓ NT 

Paremoremo Ski 
Club 

NT NT NT NT ↑ ↓ ↑ NT NT ↓ NT 

Rangitopuni 
Creek 

NT NT NT ↑ NT NT NT NT NT ↓ NT 

Rawawaru Creek ↑ NT NT NT NT ↓ - - NT ↓ NT 

Waimarie Road - NT NT ↑ NT ↓ NT - NT ↓ NT 

Whau NT NT NT NT NT ↓ ↑ ↑ NT ↓ ↓ 

 

3.3.1 Temperature 

There was a significant increasing trend in water temperature from 2007 to 

2016 at all sites within the Manukau Harbour and at Chelsea and Henderson 

Creek in the Waitematā Harbour. Annual change ranged from 0.5 to 1.1% 

above median water temperature values, with many sites falling below 

increases of 1% (Appendix Table A1). In the Manukau Harbour, average water 

temperature increased from 16.8oC in 2007 to 18oC in 2016; at the Waitemata 

Harbour sites the mean temperature increased from 16.7oC in 2007 to 17.8oC in 

2016.  

3.3.2 Total suspended solids (TSS) and turbidity 

We found significant trends of increasing TSS in the 10-year analysis, 

particularly in the upper Waitematā Harbour (Table 3-3). Annual per cent 

change at Brighams Creek, Rangitopuni Creek, and Waimarie Road ranged 

from 2.5 to 2.7%, a significant increase over time (Figure 3-1). TSS 

concentration at Waimarie Road decreased in 2014 and 2015, but it continued 

to increase at Brighams and Rangitopuni creeks through 2016. Mean TSS 

concentration at Rangitopuni Creek has more than doubled since 2011. At 
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Bringhams Creek, there was a doubling in TSS concentration between 2015 

and 2016 alone. These trends are concerning and the drivers of these changes 

should be examined closely.  

 

 

Figure 3-1. Mean total suspended solids concentration (mg/L)  
Mean concentrations from 2007 to 2016 at the three sites in the Waitematā Harbour 
where trends are significantly increasing. The dashed line represents the 15 mg/L 
threshold for TSS concentration in estuaries as defined using the 80% percentile value 
from Auckland Council reference sites (Table 2-2). 

 

Turbidity significantly decreased between 2007 and 2016 at four sites around 

the region (Table 3-3), including Dawsons Creek in the Mahurangi Harbour, 

Orewa on the East Coast, Shelly Beach in the Kaipara Harbour, and Tāmaki in 

the Tāmaki estuary. Turbidity decreased most precipitously at Shelly Beach, 

decreasing by 15% per year. At the other sites, it decreased between 2.5 and 

6% per year (Appendix Table A1).  

3.3.3 Dissolved oxygen 

Dissolved oxygen (DO) per cent saturation significantly increased from 2007 to 

2016 at three sites each in the Manukau and Waitematā harbours, both sites in 

the Tāmaki Estuary, and at Shelly Beach in the Kaipara Harbour. Annual 

change was small, however, ranging from 0.4 to 0.7%, falling below the 

threshold of a meaningful increase (i.e., 1%).  
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It should be noted that DO changes diurnally, decreasing during the night and 

peaking during the day due to temperature, light penetration and photosynthetic 

activity of macrophytes. We collect all of our water samples during the day 

when DO is likely to be near its daily peak. Caution should therefore be 

exercised in interpreting the DO results outside of this time period. 

3.3.4 Nitrogen 

We monitor multiple types of nitrogen found in the water column (Table 2-1) and 

report trends for the main species – oxidised nitrogen (nitrate + nitrite), 

ammonia, and total nitrogen. Oxidised nitrogen concentration significantly 

decreased from 2007 to 2016 at 23 of the 27 sites we analysed (Table 3-3). The 

per cent change at the sites was meaningful, declining by 4.5 to 13% per year 

(Figure 3-2; Appendix Table A1). Despite these gains, however, mean values at 

many sites exceeded the threshold values set using the 80th percentile values 

calculated from Auckland Council data (Table 2-2; 0.027 mg/L for coastal sites 

and 0.029 mg/L for estuarine sites).  

 

 

Figure 3-2. Mean oxidised nitrogen (nitrate + nitrite) concentration  
Mean concentrations by year for each estuary/harbour area from 2007 to 2016. The 
dashed grey line denotes the threshold for oxidised nitrogen as determined using the 
80th percentile value from Auckland Council reference sites (Table 2-2). 
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Ammoniacal nitrogen concentration significantly increased at five sites between 

2007 and 2016, four of which are in the Waitematā Harbour (Table 3-3). At 

these sites, concentrations increased between 5 and 15% per year (Appendix 

Table A1). In 2012, ammoniacal nitrogen concentration at Henderson Creek, 

Hobsonville Jetty, Paremoremo Ski Club, and Whau Creek were below the 

ANZECC (2000) thresholds of 0.015 mg/L, but mean concentrations were 

above the threshold at Henderson, Paremoremo, and Whau in 2016. At 

Henderson and Whau creeks, concentrations nearly doubled between 2013 and 

2014, while concentrations doubled between 2013 and 2016 at Paremoremo.  

The trend analysis from 2009 to 2016 showed few significant trends in total 

nitrogen (Table 3-3). However, the five year analysis showed significant 

increasing trends in total nitrogen at 14 of 30 sites (Table 3-4). Three of the east 

coast sites increased between 25 and 36% per year, while the estuary sites 

increased between 14 and 39% per year (Figure 3-3, Appendix Table A1). 

Mean concentrations of TN were highest at the Manukau and Waitematā 

harbour sites, exceeding values of 0.12 mg/L, the 80th percentile threshold 

using data from reference sites in the Auckland region (Figure 3-3).    

 

 

Figure 3-3. Mean total nitrogen concentration (mg/L)  
Mean concentration at the four sites in the Waitematā Harbour where total nitrogen 
concentrations have significantly increased between 2012 and 2016. The dashed line 
signifies the threshold for TN as defined using the 80th percentile values from Auckland 
Council reference sites (Table 2-2). 
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3.3.5 Phosphorus 

We monitor two types of phosphorus in coastal waters – soluble reactive 

phosphorus (SRP; also called dissolved reactive phosphorus) and total 

phosphorus. We saw significant decreases in total phosphorus concentrations 

at nearly all sites from 2007 to 2016 and at eleven sites for SRP (Table 3-3). In 

the five-year analysis, however, we saw significant increases in SRP at nine 

sites, eight of which are in the Waitematā Harbour (Table 3-4). SRP 

concentration increased between 3 and 9% per year since 2012 (Figure 3-4, 

Appendix Table A1).  

 

 

Figure 3-4. Mean soluble reactive phosphorus (SRP) concentration (mg/L)  
Mean concentration at sites in the Waitematā Harbour where SRP has significantly 
increased since 2012. The dashed line signifies the threshold for SRP as defined using 
the 80th percentile values from Auckland Council reference sites (Table 2-2). 

 

3.3.6 Chlorophyll a 

Chlorophyll a concentrations significantly decreased between 2007 and 2016 at 

two East Coast sites – Browns Bay and Orewa, both Mahurangi Harbour sites, 

and Whau in the Waitematā Harbour (Table 3-3), decreasing 4 to 5% per year 

(Appendix Table A1). Chlorophyll a concentration significantly increased at four 

sites in the Manukau Harbour – Clarks Beach, Mangere Bridge, Puketutu Point, 

and Weymouth (Table 3-3), increasing by 3 to 7% per year (Figure 3-5, 
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Appendix Table A1). With the exception of Mangere Bridge in the Manukau 

Harbour, there were no significant trends in the five year analysis (Table 3-4). 

Chlorophyll a concentrations at the four Manukau sites with significant 

increasing trends were also above the threshold for estuarine sites (Figure 3-5).  

 

   

Figure 3-5. Mean chlorophyll a concentration (mg/L) 
Mean annual concentrations at the four sites in the Manukau Harbour where 
concentrations significantly increased between 2007 and 2016. The dashed line 
signifies the threshold for SRP as defined using the 80th percentile values from 
Auckland Council reference site (Table 2-2).
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Table 3-4. Significant 5-year trends in water quality  
Significant trends for each sampling site are indicated with up (increasing) or down 
(decreasing) arrows; NT = no significant trend detected. Site-parameter combinations 
marked with a dash (-) were not included in the analysis because they did not have an 
adequate number of samples for the trend test (n = 55). The shaded boxes are indicative of 
trends that are opposite to those seen in the 10 year trend analysis (grey – trend changed 
from increasing to indeterminate or indeterminate to decreasing; blue – trend changed from 
decreasing to indeterminate or indeterminate to increasing). Sites marked with an asterisk 
were not included in the 10-year trend analysis so we could not compare trends between the 
two analyses. Sal – salinity (ppt); Temp – temperature (oC); Turb – turbidity (NTU); TSS – 
total suspended solids (mg/L); DO% - dissolved oxygen (% saturation); NO3 – nitrate (mg/L); 
NH3 – pH-adjusted ammonia (mg/L); SRP – soluble reactive phosphorus (mg/L); TP – total 
phosphorus (mg/L); Chl – chlorophyll a (mg/L). 

Area Sal Temp Turb TSS DO% NOx NH3 TN SRP TP Chl 

East Coast 

Browns Bay NT NT NT NT NT NT NT ↑ NT ↓ NT 

Goat Island NT ↑ NT NT NT NT NT ↑ ↓ NT NT 

Orewa NT NT ↓ ↓ NT NT NT NT NT NT NT 

Ti Point NT NT NT NT NT NT ↑ ↑ NT NT NT 

Kaipara Harbour 

Hoteo River Mouth* NT NT NT ↑ NT NT NT ↑ NT NT NT 

Kaipara Heads* NT ↑ ↓ NT NT NT NT ↑ ↓ NT NT 

Kaipara River* NT ↑ NT NT NT NT ↑ NT NT NT NT 

Makarau Estuary* NT ↑ NT NT NT NT NT ↑ NT NT NT 

Omokoiti Beacon* NT ↑ NT NT NT NT NT NT NT NT NT 

Shelly Beach NT ↑ NT NT NT NT NT NT NT NT NT 

Tauhua Channel* NT ↑ NT NT NT NT NT ↑ NT ↓ NT 

Mahurangi Harbour 

Dawsons Creek NT NT NT NT NT NT NT NT NT ↓ NT 

Mahurangi Heads NT NT NT NT NT NT NT ↑ NT NT NT 

Manukau Harbour 

Clarks Beach NT ↑ NT NT NT NT NT NT NT ↓ NT 

Grahams Beach NT ↑ ↓ NT NT NT NT NT NT ↓ NT 

Mangere Bridge NT ↑ NT NT ↑ NT NT NT NT NT ↑ 

Manukau Harbour 
Mouth 

NT ↑ NT NT NT NT NT ↑ NT NT NT 
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Puketutu Point NT ↑ NT NT ↑ NT NT NT NT ↓ NT 

Shag Point NT ↑ NT NT NT NT NT ↑ NT NT NT 

Weymouth NT ↑ NT NT NT NT NT NT NT NT NT 

Tāmaki Estuary 

Panmure NT NT NT NT ↑ NT NT NT ↑ NT NT 

Tāmaki NT ↑ ↓ NT NT NT NT NT NT NT NT 

Tāmaki Strait 

Turanga Estuary 
Mouth* 

↑ NT NT NT NT ↓ NT NT NT ↓ NT 

Wairoa River Mouth NT NT NT NT NT NT NT NT NT ↓ NT 

Waitematā Harbour 

Brighams Creek NT ↑ NT NT NT NT NT NT ↑ NT NT 

Chelsea NT ↑ NT NT NT ↑ NT ↑ NT NT NT 

Henderson Creek NT ↑ NT NT NT NT NT ↑ ↑ NT NT 

Hobsonville Jetty NT ↑ NT NT NT NT NT ↑ ↑ NT NT 

Lucas Creek NT ↑ NT NT NT NT NT NT ↑ NT NT 

Paremoremo Ski 
Club 

NT ↑ NT NT NT NT NT NT ↑ NT NT 

Rangitopuni Creek NT ↑ NT NT NT NT NT NT ↑ NT NT 

Rawawaru Creek NT NT NT NT ↑ ↓ NT ↓ NT NT NT 

Waimarie Road NT NT NT NT NT NT NT NT ↑ NT NT 

Waiuku Town Basin* NT NT NT NT NT NT NT ↑ NT NT NT 

Whau NT ↑ NT NT NT NT ↑ ↑ ↑ NT NT 

 

3.4 Water quality thresholds 

When considering the overall marine water quality in the Auckland region, it is 

important to look at values with respect to the thresholds in addition to the long-term 

trends. While our trend analyses showed that marine water quality is generally 

improving across the region, average sediment and nutrient concentrations are still 

above threshold values at many sites (Table 8). Exceedances across all areas were 

particularly high for total suspended solids (39%; Figure 3-6), ammoniacal nitrogen 
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(43%), total organic nitrogen (49%), total nitrogen (51%; Figure 3-7), and total 

phosphorus (53%; Figure 3-8).  

 

Table 3-5. Per cent of annual mean values from 2007 to 2016 that exceeded threshold 
values.  
Note that the threshold values for the East Coast sites are different than the rest of the sites 
because they are open water sites instead of estuarine ones. Thresholds for each type of 
water body are listed in Table 2-2. 

Area DO TSS Turb NH3 TON TN SRP TP 

East Coast 0 17 45 7 16 15 25 17 

Kaipara 20 80 20 60 60 37 10 40 

Mahurangi Harbour 5 0 0 25 10 6 0 20 

Manukau Harbour 0 75 20 72 81 70 66 78 

Tāmaki Estuary 25 55 20 90 65 75 50 65 

Tāmaki Strait 0 25 12 25 37 37 0 37 

Waitematā Harbour 27 25 16 31 50 60 11 57 

 

 

Figure 3-6. Mean total suspended solids concentration (mg/L)  
Mean annual concentrations for estuary areas from 2007 to 2016. The dashed line 
represents the 80th percentile threshold based on Auckland Council data from reference sites 
(Table 2-2).  
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Figure 3-7. Mean total nitrogen concentration (mg/L)  
Mean annual concentrations for estuary areas from 2007 to 2016. The dashed line 
represents the 80th percentile threshold based on Auckland Council data from reference sites 
(Table 2-2). 
 

 

Figure 3-8. Mean total phosphorus concentration (mg/L)  
Mean annual concentrations for estuary areas from 2007 to 2016. The dashed line 
represents the 80th percentile threshold based on Auckland Council data from reference sites 
(Table 2-2). 
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4.0 Discussion 

Auckland is rapidly growing and land uses are significantly changing around the 

region as a result. These changes can affect water quality in our streams mainly due 

to increased runoff of nutrients and sediment. Estuaries and coastal waters are at the 

end of the line, receiving inputs from multiple catchments including contaminants 

from land-based runoff. In addition, activities in marine habitats – such as dredging, 

infrastructure development, aquaculture, and bottom trawling – can also affect water 

quality. Long-term data sets are critical for understanding how our actions on land 

and in marine habitats affect water quality because these data can be highly variable 

in time and space. Measuring water quality over multiple decades allows us to 

separate natural variability from changing conditions and to understand the likely 

drivers of change. We have been monitoring water quality around the region since 

1987 and have documented changes in water quality – for better and worse – over 

that time.  

Our trend analyses showed that water quality has been improving at most sites 

around the region over the last 10 years (Tables 3-1 and 3-3). Improved water quality 

was mainly driven by decreases in nutrients (Appendix B). However, it is important to 

note that even though these nutrients are decreasing, concentrations are still above 

thresholds in some areas, which could have consequences for the health of the 

ecosystem.  

4.1 Changing conditions 

Our sampling methodology was designed for detecting long-term changes in water 

quality across marine waters in the Auckland region. Our sampling network was not 

designed to precisely identify the drivers of water quality change. Using aerial photos 

and land cover analyses, however, we can understand the general changes that 

have occurred on the landscape to identify some of the potential causes for the 

trends we have seen around the Auckland region. 

Decreases in water quality were most pronounced at sites in the Upper Waitematā 

Harbour. There were significant increasing trends detected in the 10-year analysis for 

total suspended solids, ammoniacal nitrogen, and total nitrogen concentrations. In 

the 5-year analysis, we saw the addition of increasing soluble reactive phosphorus at 

eight of the eleven sites. The Upper Waitematā Harbour catchment has been 

undergoing continuous development during the timeframe of this report (Figure 4-1), 

including the areas of Riverhead, Whenuapai, Massey, Hobsonville Point, and 

Greenhithe. Large-scale earthworks have occurred in all of these areas during the 

development process and may have contributed to the increases in total suspended 
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solids and nutrients that we have seen in the area. Greenfield development, in 

particular, can result in sediment and nutrients being released into waterways, 

particularly during rain events. Increasing trends for sediment and nutrients have 

occurred at Brighams Creek and Rangitopouni, which are adjacent to the 

development at Whenuapai and Riverhead, respectively. We also saw an increase in 

total nitrogen concentration at Henderson, which is downstream from the major 

earthworks occurring around Hobsonville Point. The upper Waitematā Harbour is 

classified as a shallow, intertidal-dominated estuary (Hume et al. 2016) and the 

ecosystem is moderately susceptible to high nutrient concentrations. Tidal flushing 

helps to reduce the susceptibility but the tidal arms at the upper end of the estuary 

(i.e., Brighams Creek and Rangitopuni Creek) may be more susceptible than more 

well-flushed locations closer to the mouth of the harbour (i.e., Hobsonville).  

   

Figure 4-1. Development in Upper Waitematā Harbour 
Aerial photographs from 2004 (left) and 2017 (right) showing the major developments that 
have occurred on lands surrounding the Upper Waitematā Harbour that coincide with our 
water quality analysis. Development areas are circled in black and include (clockwise from 
upper left) Riverhead, Greenhithe, Hobsonville Point, Massey, and Whenuapai. 

We saw widespread, meaningful declines in total oxidised nitrogen and total 

phosphorus concentrations throughout the region from 2007 to 2016. This may be 

due to increased impervious surface throughout the region, resulting in less nutrient 

runoff into streams, estuaries, and coastal waters. In rural areas, these decreasing 

trends may be due to improvements in rural land management, including reduced 

stock access to streams, improved fertiliser use and effluent management, or 

changes in land use from agricultural to lifestyle blocks. Similar trends in nutrient 

concentration have been seen in many streams across the region as well 

(Buckthought and Neale 2016). We are unable to determine if improvements to urban 

or to rural management practices are more effective at reducing nutrient 
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concentrations in our estuarine and coastal habitats because these areas receive 

waters from forested, rural, and urban catchments all at once.    

Although nutrient concentrations are decreasing at Manukau Harbour sites, they are 

still markedly above threshold levels (Table 8). These high concentrations are likely, 

in part, due to discharges from the Mangere Bridge WWTP. Intensive agriculture 

around the southern shores of the harbour also likely contributes to the high nutrient 

concentrations. Previous investigations have shown that nitrate concentration, in 

particular, is high in streams and groundwater in the Franklin area (Meijer et al. 

2016). NIWA is currently developing a hydrodynamic model for the Manukau Harbour 

that will help determine how far nutrients from the Mangere Bridge WWTP disperse 

into the harbour. The Healthy Waters team at Auckland Council is developing a 

regional contaminant load model that will estimate the amount of contaminants 

entering the harbour from the surrounding watersheds. The combination of these two 

models will help us better understand the source of nutrients in the harbour and 

where they are likely to go. The Manukau Harbour is a shallow, intertidal-dominated 

estuary (Hume et al. 2016). The water in this type of estuarine system has a short 

residence time and the ecosystem is moderately susceptible to excessive macroalgal 

growth due to high nutrient concentrations.  

We also saw significant increasing trends in sea surface water temperature in the 

Kaipara, Manukau, and Waitematā harbours. Annual per cent change in the 10-year 

analysis was less than 1%; however, in the 5-year trend analysis, per cent annual 

change increased and ranged from 1.2 to 2.1%. This increase in sea surface 

temperature is consistent with climate change predictions for the Auckland region 

(Pearce et al. 2018) and recent anomalies in sea surface temperature in the Tasman 

Sea (Commonwealth of Australia and NIWA 2018). Sea surface temperature in the 

Auckland region is expected to increase 2.5oC by 2100 under the business-as-usual 

climate scenario (NIWA 2018). However, the western Tasman Sea is predicted to 

warm by 4oC by 2100, which will affect the west coast of New Zealand. No changes 

in sea surface temperature have been detected in the long-term temperature record 

at Leigh Marine Lab (Bowen et al. 2017), but strong interannual variability is evident 

and is correlated with increased air temperature and the Southern Oscillation Index, 

or La Niña conditions. The significant increasing trends we identified in the three 

harbour areas are highly probable trends. Increasing water temperature in harbours 

and estuaries is expected sooner than in open coast waters (Dailidienė et al. 2011) 

because water masses in estuaries typically have longer residence times, are 

shallower, and absorb more heat when turbidity is high. Increasing sea surface 

temperatures are cause for concern because they can lead to an increase in algal 
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productivity, including harmful algal blooms, and can support invasions of warm 

water invasive species (Bell et al. 2001). 

4.2 Changing trends 

The previous marine water quality state and trends report (Scarsbrook 2008) 

documented trends in water quality from 1987 to 2007. From that report to this report, 

we have seen some changes in trend significance and trend direction across certain 

sites. Significant increases in temperature between 1987 and 2007 were less 

widespread than they were during 2007 to 2016 and were confined to three sites 

each along the East Coast (Browns Bay, Orewa, and Ti Point) and in the Waitematā 

Harbour (Chelsea, Hobsonville, and Whau), respectively. Turbidity and TSS 

significantly decreased in the Waitematā Harbour between 1987 and 2007; TSS is 

now significantly increasing at those sites.  

Trends in nutrient concentrations were variable between 1987 and 2007. Nitrate 

concentrations were increasing at Puketutu Point and Shag Point in the Manukau, 

but they are now significantly decreasing at all sites in the Manukau Harbour except 

Puketutu Point where we could not detect a trend. Ammonia concentrations in the 

Manukau Harbour continued to decline at Mangere Bridge and Shag Point, but 

shifted from a downward trend to no trend at Grahams Beach and Puketutu Point. 

There was no trend in ammonia concentrations from 1987 to 2007 at sites outside 

the Manukau Harbour, but concentrations are now rising at four sites in the 

Waitematā Harbour (Henderson, Hobsonville, Whau, and Paremoremo). Soluble 

reactive phosphorus and total phosphorus were declining at all sites and that trend 

has continued for SRP at the Manukau sites and all sites for TP. The significant 

trends in chlorophyll a from 1987 to 2007 did not carry through to the 2007 to 2016 

timeframe, but new significant increasing trends emerged at four sites in the 

Manukau Harbour (Clarks Beach, Mangere Bridge, Puketutu Point, and Weymouth). 

Since the 2008 report, there have been improvements across the region in nutrient 

levels, particularly TON, SRP, and TP. We should continue to monitor trends in 

declining water quality that are mainly confined to sites in the Waitematā Harbour. 

4.3 Trends versus thresholds 

Trend analyses are useful for investigating how water quality parameters are 

changing over time. Thresholds, on the other hand, are needed to determine if water 

quality is adequate to support aquatic life and safe for human contact. Unlike 

freshwater habitats (NPSFM 2017), New Zealand does not currently have any 

agreed upon thresholds for estuary and marine waters. The ANZECC guidelines 
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(ANZECC 2000) do include targets for some water quality parameters, but they have 

not been widely adopted by regional councils or central government agencies in New 

Zealand. In order to evaluate Auckland’s water quality against thresholds, we used 

the 80th percentile value for eight parameters from reference sites in Auckland. By 

defining thresholds with data from the Auckland region, we are incorporating local 

conditions (e.g., geology) that may affect water quality. Ideally, reference sites would 

be unaffected by human activities, past or present. This is difficult in a highly 

urbanised environment so we have chosen sites that we believe to be least affected 

by human activity.  

Water quality measurements can be compared to thresholds in a number of ways 

(Saffran et al. 2001), including (1) the number of variables at a site that exceed the 

threshold; (2) the frequency of exceedances; and (3) the amount by which a site 

exceeds a threshold. These three metrics can be combined to calculate a single 

water quality index score for each site. We have used this method since 2009 for 

assessing overall water quality in our annual reports (i.e., Vaughan 2016). However, 

in those reports, the thresholds changed every year based on a rolling three-year 

average of water quality conditions at the reference sites. This method of choosing 

the threshold does not allow the water quality scores to be compared between years 

because the threshold changes every year. We are working with other regional 

councils in New Zealand to develop a more robust method for determining thresholds 

and assessing water quality against those thresholds using similar techniques to 

those described in section 3.4. A technical report will be forthcoming to explain the 

difference between the two methods for setting thresholds and to retroactively assign 

water quality scores to sample areas.  

In the absence of assigning a water quality score to each site, we assessed the 

frequency of exceedances at each site (Table 3-5). The sites within Tāmaki Strait 

and the Mahurangi Harbour exceeded thresholds for the lowest number of 

parameters. On average, they also exceeded thresholds least frequently. Sites within 

the Manukau Harbour exceeded thresholds for all variables except dissolved oxygen, 

while sites within the Tamaki Estuary exceeded thresholds for all variables. Whilst 

these two areas have the highest proportions of threshold exceedances across all 

the sites, the trend analysis showed that water quality was improving in these areas, 

particularly with reference to nutrient concentrations. However, values are still far 

above thresholds throughout most of the year. This combination of trend and 

threshold analyses can help identify where gains are being made and where 

additional work is still needed. Finally, we are assessing water quality during fine 

weather days due to the mode of our sampling and associated health and safety 

concerns. It is therefore likely that we are underestimating the frequency that water 
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quality thresholds are exceeded throughout the year because we do not have the 

capability to sample during storm events when runoff is at its peak.  
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5.0 Recommendations 

Water quality in estuarine and open coast habitats is continuing to improve in the 

Auckland region. However, many sites exceed thresholds for water quality 

parameters, and the five-year analysis revealed emerging trends that are of concern. 

Multiple areas around the region have been identified for future development, which 

will result in future earthworks and transition of green fields to urban landscapes. In 

order to address current water quality issues and to prevent additional ones 

developing in the future, we make the following recommendations: 

 Work across council departments and council-controlled organisations to 

identify additional management and mitigation measures that can be 

implemented to reduce impacts to water quality.  

 Assess the effectiveness of existing policies and consent requirements (e.g., 

sediment ponds, riparian planting) on improving water quality outcomes. 

 Increase the overlap between terrestrial, freshwater and marine state of the 

environment monitoring sites so the effects of land-based activities can be 

better assessed. 

 Continuously monitor water quality in select locations to gain a better 

understanding of water quality during storm conditions when runoff is highest. 

Sites for continuous monitoring can also be prioritised based on future 

development timelines.  
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Appendix A Per cent annual change 

Table A1. Per cent annual change (expressed as % of median yr-1) for non-metal water quality parameters from 2007 to 2016. 
Asterisks indicate the statistical significance of trends based on P value (* P < 0.05; ** P < 0.01; *** P < 0.001). Bold values indicate 
significant, meaningful trends (where the absolute value of the Sen Slope is > 1% and P < 0.05). NA indicates that there were not 
enough data points for the trend analysis. # - TN results are from the eight-year trend analysis (2009 to 2016). 
 

Site Sal Temp Turb TSS DO (%) NOx NH3 TN# SRP Total P Chl a 

Browns Bay 0.05 0.33 -0.82 -2.65 0.10 -22.08*** -0.43 3.84 0 -7.90*** -5.05* 

Goat Island -0.01 0.20 -2.45 -5.03* -0.30 -8.17** 0.47 3.04 -3.55* -10.27*** -2.83 

Orewa 0.03 0.30 -4.02* -5.34* 0.10 -31.20*** 0.28 3.02 -1.99* -8.04*** -5.15*** 

Ti Point 0.03 0.29 -3.71 -4.99* -0.32 -10.63*** 0.20 8.60 -3.11 -9.27*** -1.88 

Shelly Beach 0.66* 0.29 -15.68*** -12.81*** 0.57** -13.39*** -13.25*** -5.02 -7.71*** -15.50*** 0 

Dawsons Creek 0.34 0.43 -2.71** 0 0.31 -18.29*** 1.23 -6.54 -4.71*** -7.06*** -3.89* 

Mahurangi Heads 0.07 0.21 -0.17 0 0.20 -19.88*** -1.46 3.48 -3.71* -7.80*** -4.21* 

Clarks Beach 0.16 0.66** 0.24 1.67 0 -11.26*** -1.52 -1.81 -4.61*** -7.29*** 3.21* 

Grahams Beach 0.21 0.62** -0.78 2.54 0.15 -16.77*** -3.87 -5.79 -5.21*** -6.84*** -1.29 

Mangere Bridge 0.23 1.13*** -1.30 1.99 0.74** -3.14* -5.35* -0.874 -5.44*** -4.68*** 3.96* 

Manukau Harbour NA 1.05*** -1.55 0 -0.08 -17.18*** NA 0.91 -5.56*** -8.35*** 0 

Puketutu Point 0.24 0.93*** 0.42 0 0.53** -1.83 -1.56 -0.48 -5.51*** -6.61*** 7.65** 

Shag Point 0.19 0.81*** -0.57 2.09 0.60** -5.68*** -6.21* 0 -7.45*** -6.85*** 2.30 

Weymouth 0.41 0.85** 0.69 3.80 -0.08 -5.88*** -6.81 -4.53 -3.93*** -3.51** 5.34** 

Panmure 0.53 0.08 -1.60 0.10 0.71** -5.86** -2.61 -4.51 0.57 -0.91 -1.12 

Tamaki 0.52* 0.19 -6.26*** -6.24*** 0.57** -6.43*** 3.76 -6.01 0 -5.57*** -0.79 
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Site Sal Temp Turb TSS DO (%) NOx NH3 TN# SRP Total P Chl a 

Wairoa River Mouth NA NA NA NA NA -12.47** NA -1.99 0 -4.33*** -3.38 

Brighams Creek 0.40 0.39 -0.04 2.75 0.47* -5.69 1.69 -1.72 0 -3.77** -0.50 

Chelsea 0.05 0.49** 1.34 1.58 -0.10 -10.39*** 2.88 5.35 -2.67* -4.05*** -2.46 

Henderson Creek 0.15 0.63* -1.62 0 0.10 -4.97* 14.01** 7.75* 0 -2.80** -1.90 

Hobsonville Jetty 0.30 0.45 0.53 1.79 0.37* -8.93** 8.69** 6.78 -1.57 -5.13*** -1.14 

Lucas Creek 0.28 0.45 -1.30 1.47 0.44 -4.14 5.23 1.89 0 -2.96** 0.24 

Paremoremo Ski Club 0.49 0.51 0 0 0.46* -4.76* 5.24* -0.28 0 -3.01*** -0.57 

Rangitopuni Creek -0.09 0.28 0.94 2.57 0.45 -1.67 1.34 0 0 -2.71* -2.47 

Rawawaru Creek 0.79* 0.20 -0.52 0.79 0.59 -8.10* NA NA -2.10 -4.70** 0 

Waimarie Road NA 0.41 0.83 2.52* 0.23 -12.71*** 4.81 NA -1.47 -3.83** -2.42 

Whau Creek -0.01 0.37 -0.05 -0.63 -0.05 -7.80* 15.91*** 10.29* 0 -4.25*** -5.32** 

Increases 3 9 0 1 9 0 4 2 0 0 3 

Decreases 0 0 4 5 0 23 3 1 13 26 4 
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Table A2. Per cent annual change (expressed as % of median yr-1) for non-metal water quality parameters from 2012 to 2016. 
Asterisks indicate the statistical significance of trends based on P value (* P < 0.05; ** P < 0.01; *** P < 0.001). Bold values indicate 
significant, meaningful trends (where the absolute value of the Sen Slope is > 1% and P < 0.05). NA indicates that there were not 
enough data points for the trend analysis. # - TN results are from the eight-year trend analysis (2009 to 2016). 
 

Site Sal Temp Turb TSS DO (%) NOx NH3 TN# SRP Total P Chl a 

Browns Bay 0.11 0.55 -11.17 -4.59 -0.38 2.84 20.50 36.85** 0.00 -8.58** -6.35 

Goat Island 0.04 0.95* 0.00 -8.74 0.30 2.80 10.59 25.35** -6.33* 0.00 -0.19 

Orewa -0.04 0.18 -18.63** -8.09* 0.26 -4.78 2.96 24.98 0.00 -7.18 -3.87 

Ti Point -0.25 0.48 -8.01 -6.57 -0.25 3.31 14.19* 27.68** -3.87 -3.37 0.00 

Hoteo River mouth -0.66 1.63 3.63 12.33* 0.10 -3.73 15.27 14.04* 4.52 -1.21 2.63 

Kaipara Heads -0.03 1.85** -8.97* -4.03 0.19 -6.37 -2.70 21.21* -7.12** -3.31 -11.31 

Kaipara River -0.19 2.15* 0.00 0.00 -0.51 3.66 17.15* 6.92 0.00 -1.33 2.30 

Makarau Estuary -0.20 1.89* 4.84 4.34 -0.05 1.53 -3.11 14.73* 0.00 2.23 4.96 

Shelly Beach -0.21 2.23** -3.32 -6.59 0.20 -0.04 0.06 15.77 -2.77 -2.30 1.74 

Tauhoa Channel 0.05 1.80*** -3.03 -0.60 0.28 -3.56 6.71 26.83* -3.77 -7.06* -3.08 

Dawsons Creek -0.22 0.99 -5.98 -4.50 0.39 6.91 10.53 12.74 0.00 -7.68* -5.40 

Mahurangi Heads -0.18 0.63 0.00 -3.59 0.12 0.82 17.60 24.08** 0.00 -4.54 3.30 

Clarks Beach -0.02 1.62* -1.37 0.60 0.33 -7.42 0.66 9.54 -2.19 -7.56** 2.37 

Grahams Beach -0.11 2.16** -10.88** -9.25 0.48 -9.29 8.21 10.66 -1.75 -7.44** -4.92 

Mangere Bridge -0.48 2.07* -6.81 0.58 1.29* -3.35 -5.06 -0.29 0.28 -4.48 12.37** 

Manukau Hbr @ Mouth 0.25 1.67** -10.87 -5.00 0.45 -15.44 7.44 39.12*** 0.00 -5.82 1.23 

Puketutu Point -0.45 1.97* -0.84 -1.94 1.43* -2.12 -12.32 2.12 -4.39 -8.52* 12.61 

Shag Point -0.08 1.55* -5.56 8.44 0.79 -4.59 -1.60 9.20** 0.75 -3.82 -5.45 
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Site Sal Temp Turb TSS DO (%) NOx NH3 TN# SRP Total P Chl a 

Weymouth -0.15 1.72* -1.77 0.00 0.18 0.00 5.25 3.33 -1.74 -2.27 5.28 

Panmure 1.07 1.60 -6.36 1.11 1.19** -7.78 -5.19 -4.17 4.32* -1.51 0.00 

Tamaki 0.39 1.79* -7.45* -5.44 0.88 1.32 12.74 11.14 3.67 -1.92 -0.68 

Wairoa River Mouth 0.30 1.09 -0.71 3.96 0.19 -14.08 12.00 22.96 -2.79 -7.88** -0.57 

Brighams Creek -0.40 1.57* 0.00 5.81 0.92 -9.63 -3.94 8.99 7.82** 1.32 4.16 

Chelsea -0.02 1.24** -9.93 -6.44 0.27 28.07* 10.90 36.63* 2.23 -1.12 -2.77 

Henderson Creek 0.33 1.85** -1.14 -6.02 0.69 14.60 10.20 16.81* 3.36* -0.64 0.83 

Hobsonville Jetty 0.10 1.62* -2.38 -0.15 0.44 28.82 6.48 27.09** 6.23** -2.01 -2.31 

Lucas Creek 0.06 1.37* -4.75 0.00 0.98 8.38 8.59 9.69 6.22* -3.18 2.81 

Paremoremo Ski Club -0.18 1.61** 0.20 0.00 0.90 0.99 7.82 16.23 5.72** -1.04 3.44 

Rangitopuni Creek -0.30 1.52** -0.24 2.27 0.40 -8.28 -1.17 4.89 9.24** 1.29 2.41 

Whau Creek 0.18 1.92* -0.55 0.99 0.43 10.97 12.33* 28.06** 4.44** -2.22 2.29 

Increases 0 22 0 1 3 1 3 14 8 0 1 

Decreases 0 0 4 1 0 0 0 0 2 7 0 
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Appendix B Water quality trends from 1987 to 2016 

 

Figure B1. Long-term trends in temperature (oC) for East Coast sites from 1991 to 2016 
(data start in 1993 for Goat Island). The blue line shows the trend in the data and the 
shaded grey area around the trend line represents the 5th and 95th confidence intervals 
around the trend line.  

 

 

Figure B2. Long-term trends in dissolved oxygen (% saturation) for East Coast sites 
from 1991 to 2016 (data start in 1993 for Goat Island). The blue line shows the trend in 
the data and the shaded grey area around the trend line represents the 5th and 95th 
confidence intervals around the trend line. 
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Figure B3. Long-term trends in total suspended solids (mg/L) for East Coast sites from 
1991 to 2016 (data start in 1993 for Goat Island). The blue line shows the trend in the 
data and the shaded grey area around the trend line represents the 5th and 95th 
confidence intervals around the trend line. 

 

 

Figure B4. Long-term trends in turbidity (NTU) for East Coast sites from 1991 to 2016 
(data start in 1993 for Goat Island). The blue line shows the trend in the data and the 
shaded grey area around the trend line represents the 5th and 95th confidence intervals 
around the trend line. 
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Figure B5. Long-term trends in total oxidised nitrogen (nitrate + nitrite; mg/L) for East 
Coast sites from 1998 to 2016. The blue line shows the trend in the data and the 
shaded grey area around the trend line represents the 5th and 95th confidence intervals 
around the trend line. 

 

 

Figure B6. Long-term trends in ammoniacal nitrogen (mg/L) for East Coast sites from 
1991 to 2016 (data start in 1998 for Goat Island). The blue line shows the trend in the 
data and the shaded grey area around the trend line represents the 5th and 95th 
confidence intervals around the trend line. 

 



 

49 
Marine water quality state and trends in the Auckland region from 2007 to 2016 

 

Figure B7. Long-term trends in total nitrogen (mg/L) for East Coast sites from 2009 to 
2016. The blue line shows the trend in the data and the shaded grey area around the 
trend line represents the 5th and 95th confidence intervals around the trend line. 

 

 

Figure B8. Long-term trends in soluble reactive phosphorus (mg/L) for East Coast 
sites from 1991 to 2016 (data start in 1993 for Goat Island). The blue line shows the 
trend in the data and the shaded grey area around the trend line represents the 5th and 
95th confidence intervals around the trend line. 
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Figure B9. Long-term trends in total phosphorus (mg/L) for East Coast sites from 1991 
to 2016 (data start in 1993 for Goat Island). The blue line shows the trend in the data 
and the shaded grey area around the trend line represents the 5th and 95th confidence 
intervals around the trend line. 

 

 

Figure B10. Long-term trends in chlorophyll a (mg/L) for East Coast sites from 1998 to 
2016. The blue line shows the trend in the data and the shaded grey area around the 
trend line represents the 5th and 95th confidence intervals around the trend line. 
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Figure B11. Long-term trends in temperature (oC) for Kaipara Harbour sites from 1991 
to 2016 for Shelly Beach and from 2009 to 2016 for all other sites. The blue line shows 
the trend in the data and the shaded grey area around the trend line represents the 5th 
and 95th confidence intervals around the trend line.  

 

 

Figure B12. Long-term trends in dissolved oxygen (% saturation) for Kaipara Harbour 
sites from 1991 to 2016 for Shelly Beach and from 2009 to 2016 for all other sites. The 
blue line shows the trend in the data and the shaded grey area around the trend line 
represents the 5th and 95th confidence intervals around the trend line. 
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Figure B13. Long-term trends in total suspended solids (mg/L) for Kaipara Harbour 
sites from 1999 to 2016 for Shelly Beach and from 2009 to 2016 for all other sites. The 
blue line shows the trend in the data and the shaded grey area around the trend line 
represents the 5th and 95th confidence intervals around the trend line. 

 

 

Figure B14. Long-term trends in turbidity (NTU) for Kaipara Harbour sites from 1991 to 
2016 for Shelly Beach and from 2009 to 2016 for all other sites. The blue line shows 
the trend in the data and the shaded grey area around the trend line represents the 5th 
and 95th confidence intervals around the trend line. 
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Figure B15. Long-term trends in total oxidised nitrogen (nitrate + nitrite; mg/L) for 
Kaipara Harbour sites from 1991 to 2016 for Shelly Beach and from 2009 to 2016 for all 
other sites. The blue line shows the trend in the data and the shaded grey area around 
the trend line represents the 5th and 95th confidence intervals around the trend line. 

 

 

Figure B16. Long-term trends in ammoniacal nitrogen (mg/L) for Kaipara Harbour sites 
from 1991 to 2016 for Shelly Beach and from 2009 to 2016 for all other sites. The blue 
line shows the trend in the data and the shaded grey area around the trend line 
represents the 5th and 95th confidence intervals around the trend line. 
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Figure B17. Long-term trends in total nitrogen (mg/L) for Kaipara Harbour sites from 
2009 to 2016. The blue line shows the trend in the data and the shaded grey area 
around the trend line represents the 5th and 95th confidence intervals around the trend 
line. 

 

 

Figure B18. Long-term trends in soluble reactive phosphorus (mg/L) for Kaipara 
Harbour sites from 1991 to 2016 for Shelly Beach and from 2009 to 2016 for all other 
sites. The blue line shows the trend in the data and the shaded grey area around the 
trend line represents the 5th and 95th confidence intervals around the trend line. 
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Figure B19. Long-term trends in total phosphorus (mg/L) for Kaipara Harbour sites 
from 1991 to 2016 for Shelly Beach and from 2009 to 2016 for all other sites. The blue 
line shows the trend in the data and the shaded grey area around the trend line 
represents the 5th and 95th confidence intervals around the trend line. 

 

 

Figure B20. Long-term trends in chlorophyll a (mg/L) for Kaipara Harbour sites from 
1998 to 2016 for Shelly Beach and from 2009 to 2016 for all other sites. The blue line 
shows the trend in the data and the shaded grey area around the trend line represents 
the 5th and 95th confidence intervals around the trend line. 
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Figure B21. Long-term trends in temperature (oC) for Mahurangi Harbour sites from 
1993 to 2016. The blue line shows the trend in the data and the shaded grey area 
around the trend line represents the 5th and 95th confidence intervals around the trend 
line.  

 

 

Figure B22. Long-term trends in dissolved oxygen (% saturation) for Mahurangi 
Harbour sites from 1993 to 2016. The blue line shows the trend in the data and the 
shaded grey area around the trend line represents the 5th and 95th confidence intervals 
around the trend line. 

 



 

57 
Marine water quality state and trends in the Auckland region from 2007 to 2016 

 

Figure B23. Long-term trends in total suspended solids (mg/L) for Mahurangi Harbour 
sites from 1993 to 2016. The blue line shows the trend in the data and the shaded grey 
area around the trend line represents the 5th and 95th confidence intervals around the 
trend line. 

 

 

Figure B24. Long-term trends in turbidity (NTU) for Mahurangi Harbour sites from 1993 
to 2016. The blue line shows the trend in the data and the shaded grey area around the 
trend line represents the 5th and 95th confidence intervals around the trend line. 
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Figure B25. Long-term trends in total oxidised nitrogen (nitrate + nitrite; mg/L) for 
Mahurangi Harbour sites from 1993 to 2016. The blue line shows the trend in the data 
and the shaded grey area around the trend line represents the 5th and 95th confidence 
intervals around the trend line. 

 

 

Figure B26. Long-term trends in ammoniacal nitrogen (mg/L) for Mahurangi Harbour 
sites from 1993 to 2016. The blue line shows the trend in the data and the shaded grey 
area around the trend line represents the 5th and 95th confidence intervals around the 
trend line. 
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Figure B27. Long-term trends in total nitrogen (mg/L) for Mahurangi Harbour sites 
from 1993 to 2016. The blue line shows the trend in the data and the shaded grey area 
around the trend line represents the 5th and 95th confidence intervals around the trend 
line. 

 

 

Figure B28. Long-term trends in soluble reactive phosphorus (mg/L) for Mahurangi 
Harbour sites from 1993 to 2016. The blue line shows the trend in the data and the 
shaded grey area around the trend line represents the 5th and 95th confidence intervals 
around the trend line. 
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Figure B29. Long-term trends in total phosphorus (mg/L) for Mahurangi Harbour sites 
from 1993 to 2016. The blue line shows the trend in the data and the shaded grey area 
around the trend line represents the 5th and 95th confidence intervals around the trend 
line. 

 

 

Figure B30. Long-term trends in chlorophyll a (mg/L) for Mahurangi Harbour sites from 
1998 to 2016. The blue line shows the trend in the data and the shaded grey area 
around the trend line represents the 5th and 95th confidence intervals around the trend 
line. 
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Figure B31. Long-term trends in temperature (oC) for Manukau Harbour sites from 1987 
to 2016 (Manukau Heads from 2009 to 2016 and Waiuku from 2012 to 2016). The blue 
line shows the trend in the data and the shaded grey area around the trend line 
represents the 5th and 95th confidence intervals around the trend line.  

 

 

Figure B32. Long-term trends in dissolved oxygen (% saturation) for Manukau Harbour 
sites from 1987 to 2016 (Manukau Heads from 2009 to 2016 and Waiuku from 2012 to 
2016). The blue line shows the trend in the data and the shaded grey area around the 
trend line represents the 5th and 95th confidence intervals around the trend line. 
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Figure B33. Long-term trends in total suspended solids (mg/L) for Manukau Harbour 
sites from 1987 to 2016 (Manukau Heads from 2009 to 2016 and Waiuku from 2012 to 
2016). The blue line shows the trend in the data and the shaded grey area around the 
trend line represents the 5th and 95th confidence intervals around the trend line. 

 

 

Figure B34. Long-term trends in turbidity (NTU) for Manukau Harbour sites from 1987 
to 2016 (Manukau Heads from 2009 to 2016 and Waiuku from 2012 to 2016). The blue 
line shows the trend in the data and the shaded grey area around the trend line 
represents the 5th and 95th confidence intervals around the trend line. 

 



 

63 
Marine water quality state and trends in the Auckland region from 2007 to 2016 

 

Figure B35. Long-term trends in total oxidised nitrogen (nitrate + nitrite; mg/L) for 
Manukau Harbour sites from 1987 to 2016 (Manukau Heads from 2009 to 2016 and 
Waiuku from 2012 to 2016). The blue line shows the trend in the data and the shaded 
grey area around the trend line represents the 5th and 95th confidence intervals around 
the trend line. 

 

 

Figure B36. Long-term trends in ammoniacal nitrogen (mg/L) for Manukau Harbour 
sites from 1987 to 2016 (Manukau Heads from 2009 to 2016 and Waiuku from 2012 to 
2016). The blue line shows the trend in the data and the shaded grey area around the 
trend line represents the 5th and 95th confidence intervals around the trend line. 
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Figure B37. Long-term trends in total nitrogen (mg/L) for Manukau Harbour sites from 
1987 to 2016 (Manukau Heads from 2009 to 2016 and Waiuku from 2012 to 2016). The 
blue line shows the trend in the data and the shaded grey area around the trend line 
represents the 5th and 95th confidence intervals around the trend line. 

 

 

Figure B38. Long-term trends in soluble reactive phosphorus (mg/L) for Manukau 
Harbour sites from 1987 to 2016 (Manukau Heads from 2009 to 2016 and Waiuku from 
2012 to 2016). The blue line shows the trend in the data and the shaded grey area 
around the trend line represents the 5th and 95th confidence intervals around the trend 
line. 
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Figure B39. Long-term trends in total phosphorus (mg/L) for Manukau Harbour sites 
from 1987 to 2016 (Manukau Heads from 2009 to 2016 and Waiuku from 2012 to 2016). 
The blue line shows the trend in the data and the shaded grey area around the trend 
line represents the 5th and 95th confidence intervals around the trend line. 

 

 

Figure B40. Long-term trends in chlorophyll a (mg/L) for Manukau Harbour sites from 
1987 to 2016 (Manukau Heads from 2009 to 2016 and Waiuku from 2012 to 2016). The 
blue line shows the trend in the data and the shaded grey area around the trend line 
represents the 5th and 95th confidence intervals around the trend line. 
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Figure B41. Long-term trends in temperature (oC) for Tāmaki Estuary sites from 1992 
to 2016. The blue line shows the trend in the data and the shaded grey area around the 
trend line represents the 5th and 95th confidence intervals around the trend line.  

 

 

Figure B42. Long-term trends in dissolved oxygen (% saturation) for Tāmaki Estuary 
sites from 1992 to 2016. The blue line shows the trend in the data and the shaded grey 
area around the trend line represents the 5th and 95th confidence intervals around the 
trend line. 
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Figure B43. Long-term trends in total suspended solids (mg/L) for Tāmaki Estuary 
sites from 1992 to 2016. The blue line shows the trend in the data and the shaded grey 
area around the trend line represents the 5th and 95th confidence intervals around the 
trend line. 

 

 

Figure B44. Long-term trends in turbidity (NTU) for Tāmaki Estuary sites from 1992 to 
2016. The blue line shows the trend in the data and the shaded grey area around the 
trend line represents the 5th and 95th confidence intervals around the trend line. 
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Figure B45. Long-term trends in total oxidised nitrogen (nitrate + nitrite; mg/L) for 
Tāmaki Estuary sites from 1992 to 2016. The blue line shows the trend in the data and 
the shaded grey area around the trend line represents the 5th and 95th confidence 
intervals around the trend line. 

 

 

Figure B46. Long-term trends in ammoniacal nitrogen (mg/L) for Tāmaki Estuary sites 
from 1992 to 2016. The blue line shows the trend in the data and the shaded grey area 
around the trend line represents the 5th and 95th confidence intervals around the trend 
line. 
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Figure B47. Long-term trends in total nitrogen (mg/L) for Tāmaki Estuary sites from 
1992 to 2016. The blue line shows the trend in the data and the shaded grey area 
around the trend line represents the 5th and 95th confidence intervals around the trend 
line. 

 

 

Figure B48. Long-term trends in soluble reactive phosphorus (mg/L) for Tāmaki 
Estuary sites from 1992 to 2016. The blue line shows the trend in the data and the 
shaded grey area around the trend line represents the 5th and 95th confidence intervals 
around the trend line. 
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Figure B49. Long-term trends in total phosphorus (mg/L) for Tāmaki Estuary sites 
from 1992 to 2016. The blue line shows the trend in the data and the shaded grey area 
around the trend line represents the 5th and 95th confidence intervals around the trend 
line. 

 

 

Figure B50. Long-term trends in chlorophyll a (mg/L) for Tāmaki Estuary sites from 
1992 to 2016. The blue line shows the trend in the data and the shaded grey area 
around the trend line represents the 5th and 95th confidence intervals around the trend 
line. 
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Figure B51. Long-term trends in temperature (oC) for Tāmaki Strait sites from 2009 to 
2015 for Turanga Estuary Mouth and 2009 to 2016 for Wairoa River Mouth. The blue 
line shows the trend in the data and the shaded grey area around the trend line 
represents the 5th and 95th confidence intervals around the trend line.  

 

 

Figure B52. Long-term trends in dissolved oxygen (% saturation) for Tāmaki Strait 
sites from 2009 to 2015 for Turanga Estuary Mouth and 2009 to 2016 for Wairoa River 
Mouth. The blue line shows the trend in the data and the shaded grey area around the 
trend line represents the 5th and 95th confidence intervals around the trend line. 
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Figure B53. Long-term trends in total suspended solids (mg/L) for Tāmaki Strait sites 
from 2009 to 2015 for Turanga Estuary Mouth and 2009 to 2016 for Wairoa River 
Mouth. The blue line shows the trend in the data and the shaded grey area around the 
trend line represents the 5th and 95th confidence intervals around the trend line. 

 

 

Figure B54. Long-term trends in turbidity (NTU) for Tāmaki Strait sites from 2009 to 
2015 for Turanga Estuary Mouth and 2009 to 2016 for Wairoa River Mouth. The blue 
line shows the trend in the data and the shaded grey area around the trend line 
represents the 5th and 95th confidence intervals around the trend line. 
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Figure B55. Long-term trends in total oxidised nitrogen (nitrate + nitrite; mg/L) for 
Tāmaki Strait sites from 2009 to 2015 for Turanga Estuary Mouth and 2009 to 2016 for 
Wairoa River Mouth. The blue line shows the trend in the data and the shaded grey 
area around the trend line represents the 5th and 95th confidence intervals around the 
trend line. 

 

 

Figure B56. Long-term trends in ammoniacal nitrogen (mg/L) for Tāmaki Strait sites 
from 2009 to 2015 for Turanga Estuary Mouth and 2009 to 2016 for Wairoa River 
Mouth. The blue line shows the trend in the data and the shaded grey area around the 
trend line represents the 5th and 95th confidence intervals around the trend line. 
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Figure B57. Long-term trends in total nitrogen (mg/L) for Tāmaki Strait sites from 2009 
to 2015 for Turanga Estuary Mouth and 2009 to 2016 for Wairoa River Mouth. The blue 
line shows the trend in the data and the shaded grey area around the trend line 
represents the 5th and 95th confidence intervals around the trend line. 

 

 

Figure B58. Long-term trends in soluble reactive phosphorus (mg/L) for Tāmaki Strait 
sites from 2009 to 2015 for Turanga Estuary Mouth and 2009 to 2016 for Wairoa River 
Mouth. The blue line shows the trend in the data and the shaded grey area around the 
trend line represents the 5th and 95th confidence intervals around the trend line. 
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Figure B59. Long-term trends in total phosphorus (mg/L) for Tāmaki Strait sites from 
2009 to 2015 for Turanga Estuary Mouth and 2009 to 2016 for Wairoa River Mouth. The 
blue line shows the trend in the data and the shaded grey area around the trend line 
represents the 5th and 95th confidence intervals around the trend line. 

 

 

Figure B60. Long-term trends in chlorophyll a (mg/L) for Tāmaki Strait sites from 2009 
to 2015 for Turanga Estuary Mouth and 2009 to 2016 for Wairoa River Mouth. The blue 
line shows the trend in the data and the shaded grey area around the trend line 
represents the 5th and 95th confidence intervals around the trend line. 
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Figure B61. Long-term trends in temperature (oC) for Waitematā Harbour sites from 
1991 to 2016. The blue line shows the trend in the data and the shaded grey area 
around the trend line represents the 5th and 95th confidence intervals around the trend 
line.  

 

 

Figure B62. Long-term trends in dissolved oxygen (% saturation) for Waitematā 
Harbour sites from 1991 to 2016. The blue line shows the trend in the data and the 
shaded grey area around the trend line represents the 5th and 95th confidence intervals 
around the trend line. 
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Figure B63. Long-term trends in total suspended solids (mg/L) for Waitematā Harbour 
sites from 1991 to 2016. The blue line shows the trend in the data and the shaded grey 
area around the trend line represents the 5th and 95th confidence intervals around the 
trend line. 

 

 

Figure B64. Long-term trends in turbidity (NTU) for Waitematā Harbour sites from 1991 
to 2016. The blue line shows the trend in the data and the shaded grey area around the 
trend line represents the 5th and 95th confidence intervals around the trend line. 
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Figure B65. Long-term trends in total oxidised nitrogen (nitrate + nitrite; mg/L) for 
Waitematā Harbour sites from 1991 to 2016. The blue line shows the trend in the data 
and the shaded grey area around the trend line represents the 5th and 95th confidence 
intervals around the trend line. 

 

 

Figure B66. Long-term trends in ammoniacal nitrogen (mg/L) for Waitematā Harbour 
sites from 1991 to 2016. The blue line shows the trend in the data and the shaded grey 
area around the trend line represents the 5th and 95th confidence intervals around the 
trend line. 
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Figure B67. Long-term trends in total nitrogen (mg/L) for Waitematā Harbour sites 
from 1991 to 2016. The blue line shows the trend in the data and the shaded grey area 
around the trend line represents the 5th and 95th confidence intervals around the trend 
line. 

 

 

Figure B68. Long-term trends in soluble reactive phosphorus (mg/L) for Waitematā 
Harbour sites from 1991 to 2016. The blue line shows the trend in the data and the 
shaded grey area around the trend line represents the 5th and 95th confidence intervals 
around the trend line. 
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Figure B69. Long-term trends in total phosphorus (mg/L) for Waitematā Harbour sites 
from 1991 to 2016. The blue line shows the trend in the data and the shaded grey area 
around the trend line represents the 5th and 95th confidence intervals around the trend 
line. 

 

 

Figure B70. Long-term trends in chlorophyll a (mg/L) for Waitematā Harbour sites from 
1991 to 2016. The blue line shows the trend in the data and the shaded grey area 
around the trend line represents the 5th and 95th confidence intervals around the trend 
line. 
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Find out more: phone 09 301 0101, 
email rimu@aucklandcouncil.govt.nz or visit 
aucklandcouncil.govt.nz and knowledgeauckland.org.nz 
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