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Disclaimer: 

We have prepared this report for our client based on their instructions. They may use it, as agreed between us.  Landpro 

has no duty, and does not make or give any express or implied representation or guarantee, whatsoever to any person 

other than our client. If you are not our client then, unless this report has been provided to you as a local authority or 

central government agency as part of a public process: 

• you have no right to use or to rely on this report or any part of it, and  

• you may not reproduce any of it. 

We have done our best to ensure the information is fit for purpose at the date of preparation and meets the specific 

needs of our client. Sometimes things change or new information comes to light.  This can affect our recommendations 

and findings. 
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 INTRODUCTION 

In 2019, Upper Clutha Lakes Trust (UCLT; now WAI Wānaka) worked with the community to prepare a 

Community Catchment Plan (CCP) for the Upper Clutha catchment, to assist future sustainable 

management of the Upper Clutha’s diverse catchments.  

As part of the development of the CCP, it was necessary to understand the background state of the 

environment, risks and pressures the catchment is facing and subsequently gaps in background data 

that existed at that time. Accordingly, a review was prepared of the available literature and reports as 

they relate to water in the Upper Clutha. Subsequently, an updated literature review (this document) 

was completed in 2022. This report includes: 

• A state of the environment summary covering location, history, climate, topography and land 

use, geology and soils, hydrology, hydrogeology, water quality, ecology and freshwater values. 

• High level policy and plan direction. 

• Risks to the catchment addressed using a Pressure-State-Impact framework split into four sub-

catchments with similar characteristics: 

o High country in the upper catchment above the main lakes; 

o Lakes Wānaka and Hāwea; 

o Other significant rivers not directly feeding the lakes (e.g. Cardrona River and Luggate 

Creek); 

o Wānaka Basin outwash plains including Clutha River, Hāwea River and the underlying 

aquifers. 

A wide range of literature was found during the search process.  The most relevant literature is referred 
to directly in the text (with hyperlinks used where possible in the PDF version of this report) and other 

literature of interest that is not directly referenced is included in an appendix listing all found literature 
(Appendix A). Some of this literature has been collated by Dr Simone Langhans as part of her freshwater 
management research project SABER CULTURAL1. 

 

 STATE OF THE ENVIRONMENT 

 Location 

The study area for this CCP is the 4600km2 catchment of the Clutha River/Mata-Au from the confluence 

with Luggate Creek at the downstream end to the mountains, including Lakes Wānaka and Hāwea and 

all tributaries.  The area is defined by the watershed of the Southern Alps in the north and west, various 

smaller mountain ranges to the east and west, and the boundaries of the Cardrona River and Luggate 

Creek catchments in the Crown and Pisa Ranges to the south. 

 
1 Simone Langhans has received funding from the European Union's Horizon 2020 research and innovation 
programme under the Marie Sklodowska-Curie grant agreement No 748625. 

https://www.uppercluthalakestrust.org/wp-content/uploads/2020/01/Upper-Clutha-ICMP-Version-1-FINAL-Dec-2019.pdf
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The Upper Clutha is the northernmost part of Otago Region, within Queenstown Lakes District. The area 

includes the towns of Wānaka and Hāwea, as well as various smaller communities such as Luggate and 

Makarora.  

 

Figure 1: Upper Clutha catchment boundaries 

 

Note that in recent Otago Regional Council (ORC) reports on water quality, the region is divided into 

Freshwater Management Units (FMUs – see Section 3). The Upper Clutha falls within the Clutha/Mata-

au FMU, which is further subdivided into five Rohe. The catchment as defined and mapped below falls 

primarily within the Upper Lakes Rohe, but the Cardrona and Luggate sub-catchments fall within the 

Dunstan Rohe. 

 

 History 

The schist rocks which dominate the geology of the Central Otago and Upper Clutha areas were 

deposited around 250-130 million years ago (mya). Now known to geologists as the Rakaia Terrane, this 

formation was initially laid down as sandstone and finer-grained sediments. The rocks were then buried 

by subsequent sediments and subjected to increasing pressure and temperature. These were the 

conditions under which metamorphosis into the rocks which define today’s landscape occurred, peaking 
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at around 160-180 mya at a depth of around 15 km. The gold which defined much of the early European 

history of the area was deposited from hot water solutions in similar conditions over the last 140 million 

years (Reay, 2003).  

Geological changes have also had a significant influence on waterways in the region, much of the 

present Upper Clutha catchment once flowed south to the Kawarau via the Cardrona and Motatapu 

valleys, before uplift in and near the Crown range cut off this flow path (Craw and Norris, 2003).  

More recently (in geological terms), the present valleys of the area were carved by glaciers, mostly over 

the last 2 million years. There were various sequences of glacial and warmer periods, with the last glacial 

maximum occurring around 15,000 years ago. Rock debris (till) carried by these glaciers was deposited 

when they melted, and this material dams all of the large southern lakes. This process resulted in a 

complex mixture of sorted alluvial deposits and mixed glacial materials in the plains in the southern part 

of the Upper Clutha, most notably south of Hāwea (Wilson 2012, Craw and Norris, 2003). 

In Māori tradition, both Lakes Hāwea and Wānaka were dug by the Waitaha explorer Rākaihautū with 
his kō (Polynesian digging stick). Lake Hāwea was named after a member of his party (Hāwea Ki Te 
Rangi), while Lake Wānaka’s name “associates it with lore of the tohuka” (Aukaha, 2019). “Wānaka” is 
the southern dialect pronunciation of “wānanga”, which can refer to tribal knowledge, a wise person, or 
an educational institution. There are also accounts of a whare kura (school) where children from coastal 

and Central Otago went for cultural education (Anderson, 1983, cited in Aukaha 2019). Mata-Au (known 

in English as the Clutha River) “takes its name from a Ngāi Tahu whakapapa that traces the genealogy 
of water. On that basis, the Mata-au is seen as a descendant of the creation traditions.” (Ngāi Tahu 
Claims Settlement Act/NTCSA 1998, Schedule 40. See also schedules 30 and 36 on Lakes Hāwea and 
Wānaka, respectively).  

Māori settlement of New Zealand occurred in the early 2nd Millenium AD. There is potentially conflicting 

information on the nature of Māori settlement in the Upper Clutha, with Higham et al (in Hewitt, 2017) 

suggesting that the area was not permanently occupied but only visited on resource-gathering trips. 

Conversely, Allingham (2000, in Hewitt, 2017) identified up to 6 pā sites in the area. Anderson (1982, in 

Hewitt, 2017) notes that Māori settlements at Wānaka and Hāwea appear to have become permanent 
in the early years of European settlement, enabled by potato agriculture, which may at least partially 

explain this apparent discrepancy. Similarly, Hale (2019) describes both permanent settlement and 

hunter-gatherer activity in the area. The Upper Clutha area was also the scene of battles in the 1700s 

and 1800s, between Ngāi Tahu and Waitaha, and later between Ngāti Tama and Ngāi Tahu (Anderson, 

1982, in Hewitt, 2017). 

Weka and eels were among the primary source of food in the area (Anderson, 1982, in Hewitt, 2017), 

and Moa were also hunted, probably from early in the history of Māori settlement (Allingham, 2000, in 

Hewitt, 2017). It was said that, at Makarora, “Counting the eels is like counting a swarm of sandflies” 
(H.K. Taiaroa, quoted in Hewitt, 2013). In addition to the above, there were numerous bird, fish and 

tree/plant species available, of which Hewitt (2018) has compiled a comprehensive list. Probably the 

most marked impact of Māori settlement on the landscape was fire, with significant deforestation 

occurring between the arrival of Māori and later European settlement (Wardle, 2001, McWethy et al, 

2009, both in Hewitt, 2017). 

European settlement of the Upper Clutha began in the 1850s, with Albert Town (then called Newcastle) 

initially being the largest settlement. Cardrona was also briefly a significant settlement during the gold 

rush (c. 1863-1878). The town of Pembroke (later Wānaka) had its beginnings in 1867 with the 

https://www.legislation.govt.nz/act/public/1998/0097/latest/DLM430873.html
https://www.legislation.govt.nz/act/public/1998/0097/latest/DLM430873.html
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construction of a hotel there. According to Roxburgh (1990), farming was the dominant industry in the 

area for much of its history, with sawmilling and flaxmilling also being significant industries in the early 

years. Tourism has also played a role in the area’s economy since the early days and became more 
significant from the 1960s and 1970s onwards with the establishment of Mt Aspiring National Park, 

Cardrona and Treble Cone skifields, and also the completion of the Hāwea to Haast Rd.  

From an environmental perspective, the European settlers brought various introduced species, including 

rabbits, deer, and trout, which were released into Lake Wānaka in 1876 and Lake Hāwea in 1911 

(Roxburgh, 1990). Sawmilling, which took place primarily in the Matukituki and Makarora areas, 

obviously resulted in some land clearance, with 1,000 metres of timber floated in rafts from Makarora 

to Lowburn up to three times per week (Young and Young, 2013). Despite this, Wardle (2001, in Hewitt, 

2017) notes that survey maps of the Upper Clutha from pre-1860 show similar forested areas to the 

early 21st Century. Deforestation, as well as the introduction of rabbits and gold mining (particularly 

sluicing and dredging) all resulted in an increase in erosion and sediment generation to the 

Clutha/Mata-Au system (Young and Young, 2013), although the Upper Clutha was probably spared the 

worst of these impacts with much of the sluicing and dredging occurring downstream or in the Kawarau 

catchment. 

Urban development (albeit modest initially) also brings its own pressures. Roxburgh (1990) notes that 

in the late 1950s Wānaka had no public sewerage system or water supply, with most residents sourcing 

their water from bores or Bullock Creek. The water source from Bullock Creek “was a potential danger 
to health especially when someone’s kitchen and stormwater drains emptied… into the same stream”. 
A municipal water supply scheme was established in c. 1959, although many residents initially continued 

to take water from Bullock Creek or from bores as they objected to the public supply being chlorinated. 

Environmental standards for three waters infrastructure have of course improved significantly since 

then, but this is countered to some extent by more extensive and intensive urban development. 

Roxburgh notes that the population of Wānaka was “not many more than 100 households” in 1940, and 
“a little under a thousand” in the late 1960s, compared to approximately 9,000 today and 12,500 total 

in the wider Upper Clutha area (Maynard, 2017). 

The second half of the 20th Century brought further significant changes to the function of the Clutha 

River system with construction of dams at Roxburgh, Hāwea and then Clyde for hydroelectricity 
generation. Under subsequently abandoned plans for additional dams at Queensberry and Luggate, 

“artificial lakes would run toe-to-toe unbroken for a distance of 100 km” downstream of Wānaka, apart 

from a few remnant sections (Young and Young, 2013). Aside from forming new lakes (or increasing 

lake levels, in the case of the Hāwea Dam) and resulting in highly controlled flow environments, these 

dams have also altered the ecology and morphology of the Clutha/Mata-Au system by restricting fish 

passage and altering sedimentation patterns. 

In more recent years, the Upper Clutha area has experienced significant economic and population 

growth. The Wānaka-Upper Clutha Ward of Queenstown Lakes District (formerly known as the Wānaka 
Ward and effectively the same as the study area) almost doubled in population between 2001 and 2013, 

from 4,900 to 9,500 usual residents, while average daily visitor numbers rose from 4,300 to 5,700 

(Maynard, 2017). During approximately the same time period, increased irrigation enabled more 

intensive agricultural land use, most notably in Hāwea Flat and surrounding areas.   

Since the collection of the data summarised in the previous paragraph, reporting of urban populations 

in NZ has changed to be based on Functional Urban Areas (FUAs; Stats NZ, 2021). An FUA is effectively 

https://www.stats.govt.nz/methods/functional-urban-areas-methodology-and-classification#appendix-2
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a town or city centre, plus surrounding suburban or rural areas where at least 40% of working residents 

commute to that centre. The 2018 population of the Wānaka FUA is 12,633 (almost triple the 2001 

population of the Wānaka Ward), with 9,555 of those in Wanaka township, 1,200 at Lake Hawea, and 

the remainder in the surrounding rural area. The Wānaka FUA includes most, but not all, of the Wānaka-

Upper Clutha Ward. Therefore, while the FUA population is useful for comparison with the above data, 

it is expected to slightly underestimate population growth from 2013-18. More recent population 

changes (including those associated with the COVID-19 pandemic) are not reflected in the above 

information. 

The pressures brought by these changes in land use are countered to some extent by increased 

environmental awareness, with water quality topping the list of political issues New Zealanders were 

concerned about in a national survey conducted for Fish and Game (Colmar Brunton, 2018). This has 

manifested itself in increased conservation and reforestation/replanting efforts, more extensive and 

intensive environmental monitoring, and stricter enforcement of environmental regulations.  

In the Upper Clutha area, much of this work has been driven by the Guardians of Lake Wānaka and 

Guardians of Lake Hāwea groups, and more recently, WAI Wānaka (formerly the Upper Clutha Lakes 

Trust) who commissioned this CCP. The intent of the CCP is to build upon existing environmental 

restoration efforts and to present a blueprint for future environmental action to improve water quality 

as close as possible to its predevelopment state, while also respecting other community values.  

 Climate 

Wānaka is located at a latitude of about 44.5 oS, an altitude of around 300 masl, and is 100 km from the 

nearest coastline. It experiences a temperate climate comparable to the neighbouring Central Otago 

area, with hot dry summers and cold dry winters meaning the area has New Zealand’s closest equivalent 
to a semi-arid continental climate (Macara, 2015).  



 11 

 

Figure 2: Wind compass for Wānaka Airport, showing prevailing wind from the west and (to a 

lesser extent) the south-east. Source: Macara, 2015. 

The prevailing wind is from the west (see Figure 2), meaning the area is sheltered from rain by the 

Southern Alps to the west. Over the period 1981-2010, the weather station at Wānaka Airport 

experienced a mean of 594 mm of rainfall per year. An average of 66 mm of rain falls in the wettest 

month of December, while the two driest months (November and February) both experience 35 mm of 

rainfall typically (Macara, 2015).  

As shown in Figure 3, annual rainfall increases significantly towards the northern end of the Upper Clutha 

catchment, and exceeds 2,000 mm in the mountains north of the Lakes. Makarora, for example, 

experiences an average of 2,447 mm of rainfall annually, ranging from 134 mm in the driest month of 

February to 251 mm in the wettest month (December). 

https://docs.niwa.co.nz/library/public/NIWAsts67.pdf
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Figure 3: Modelled median annual rainfall for Otago. Note that although rainfall in the Wānaka 

and the surrounding area is relatively low, areas further north in the Upper Clutha catchment 

closer to the Southern Alps receive significantly more rainfall. Source: Macara, 2015. 

 

Evapotranspiration data for Wānaka is only available since 2015 (at the Wānaka CWS site), with annual 

evapotranspiration in the three completed years during that period ranging from 726-929 mm/year. A 

longer evapotranspiration record (since April 2006) is available for the Cromwell EWS site, 40 km to the 

south. Figure 4 shows a simple monthly water balance model based on comparison of rainfall at Wānaka 

Airport with evapotranspiration at Cromwell EWS, for the ~13-year period where both datasets are 

available (to 2019, when this analysis was conducted). Note that this is a different time period from that 

discussed in NIWA’s report, and therefore the monthly distribution of rainfall is somewhat different (e.g. 

May was the wettest month during the period graphed, not December). This data presented in the graph 

shows that Wānaka experiences a significant excess of evapotranspiration over rainfall for much of the 

year, with limited excess rainfall occurring in the winter months.  

Note that the annual ET at Wānaka CWS was approximately 100-150 mm lower than at Cromwell for 

the three complete years when data was collected at both sites. Also, the 13-year period for which the 

data is shown is less than would ideally be used for meteorological analysis. As such, the magnitude of 

the excess evapotranspiration and excess rainfall indicated in Figure 4 should be interpreted as 

indicative. Also, it is likely that the typical period during which excess rainfall occurs extends into April 
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and potentially even September. Nonetheless, Figure 4 is considered generally representative of the 

local climate system, taking into account the limitations of the data available.  

 

 

Figure 4: Monthly water balance summary comparing mean monthly rainfall at Wānaka Airport 

with mean monthly evapotranspiration at Cromwell. Data source: NIWA Cliflo database, for the 

period April 2006-May 2019. 

To the best of our knowledge, evapotranspiration data is not available near Makarora. However, this is 

likely to be comparable to or lower than Wānaka, in which case rainfall would exceed evapotranspiration 

throughout a typical year. This is reflected in modelled data for the number of days of soil moisture 

deficit per year – there are approximately 80-90 days per year in the southern part of the Upper Clutha 

near Wānaka, reducing to approximately 20 days per year at the northern end of the Lakes and near-

zero in the mountains (Macara, 2015). 

As noted above, the area experiences a pseudo-continental climate with a large seasonal temperature 

variation. Mean monthly temperatures at Wānaka are 15-20 oC in summer, with highs approaching or 

exceeding 30 oC common. In winter, the mean monthly temperature reduces to approximately 5 oC, with 

frosts common. For the 30 years from 1981-2010, there were typically 3 days per year with a maximum 

temperature above 30 oC, and 73 days with a minimum temperature below freezing point. While the 

taller mountains in the area typically hold snow throughout the warmer months, snow to valley level is 

rare (Macara, 2015).  

Under various climate change scenarios, temperatures in Otago are expected to increase by 0.6-0.9 oC 

by 2031-2050 and 0.6-2.8oC by 2081-2100, compared to the 1986-2005 climate. This is predicted to be 

associated with an increase in rainfall, particularly in winter and spring, and potentially with more 

extreme rainy days. Significantly less snowfall is projected, which will also change the hydrological cycle 

as there will be less snowmelt to contribute to base flow during summer. Winter flooding may also 
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increase as less precipitation at that time of year falls as snow. Droughts are expected to become more 

frequent, and lakes are likely to have slightly higher levels and warmer temperatures, with potential 

ecological effects (Ministry for the Environment, 2018).  

NIWA’s Climate Change Projections for the Otago Region report (Macara et al, 2019) provided further 

details on expected climatological and hydrological changes in Otago due to modelled climate change 

impacts up to the year 2100. The projections were based on two of the four climate change scenarios 

used by the Intergovernmental Panel on Climate Change’s: RCP 4.5 (the second-most optimistic 

scenario) and RCP 8.5 (the most pessimistic, ‘business as usual’ scenario). 

The report notes that there is a wide range in potential increases of annual average temperatures: 0.5-

1.5 oC by 2040 and 0.5-3.5 oC by 2090 (compared to 1986-2005 temperatures). The Upper Clutha area, 

particularly the high-altitude parts of the catchment, are predicted to be among the worst affected parts 

of Otago, and therefore in the upper part of the above ranges. Annual average temperatures in Wānaka 
town are predicted to increase by 0.9-1.0 oC by 2040 and by 1.4-2.9 oC by 2090, with summer 

temperatures increasing by slightly more than the annual average, and winter temperatures somewhat 

less. 

Of course, ongoing short- to medium-term temporal variation due to the ongoing impacts of natural 

climate variation (such as the El Niño/La Niña cycle) are to be expected.  

Annual rainfall is projected to increase slightly in the Upper Clutha – 0-10 % greater by mid-century and 

10-30 % by the end of the century. The greatest rainfall increases are expected in the high peaks at the 

extreme north of the catchment. Near Wānaka, annual rainfall is predicted to increase by 5-10 % this 

century, even assuming RCP8.5, with most of that extra rainfall occurring in summer (although predicted 

seasonal patterns in rainfall increases are more complex on a regional scale). Extreme rainfall events are 

also expected to become more severe in Wānaka (as elsewhere), with a ‘1 in 100 year’ event resulting 
in ~31 % more rainfall in a one hour period under the most extreme climate projections.  

The results of the hydrological modelling are complex, but the combined effect of the above 

phenomena is expected to result in average annual flows increasing region-wide, and flood flows also 

increasing, potentially by more than 50 % under extreme scenarios. The minimum flows in rivers and 

streams are expected to decrease in the Upper Clutha catchment under most scenarios modelled. 

Overall, relatively little change in water supply reliability is projected. 

An additional climate change assessment for Otago focussed specifically on the risks and opportunities 

posed to the economy, built environment and natural environment was carried out by Tonkin and Taylor 

(2021). Table 2 (reproduced from Table ES-1 of the Tonkin and Taylor report) summarises the risks 

identified for the natural environment which are of relevance to this review (i.e. excluding specifically 

coastal risks): 
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Table 1: Summary of climate change risks potentially relevant to the natural environment in the 

Upper Clutha (as assessed by Tonkin and Taylor, 2021) 

Risk Risk rating 

Present 2040 2090 

Risks to the terrestrial ecosystems from increasing 

temperatures, changes in rainfall and reduced snow and ice 

High Extreme Extreme 

Risks to the freshwater (rivers and lakes) ecosystems from 

increasing temperatures and extreme weather events 

Medium High Extreme 

Risks to coastal, inland and alpine wetland ecosystems from 

drought, higher temperatures, changes in rainfall and reduced 

snow and ice 

High Extreme Extreme 

Risks to Otago water quality and quantity from changes in 

rainfall, higher temperatures, flooding, drought and reduced 

snow and ice 

Medium Extreme Extreme 

Risks to native ecosystems posed by increasing threats from 

invasive plants, pests and disease due to climate change 

Medium Medium Extreme 

 

Specific potential effects of climate change identified by Tonkin and Taylor that are potentially relevant 

to the Upper Clutha include: 

• Increased sediment and nutrient load to rivers and lakes due to higher intensity of rain events 

and greater flooding.  

• Direct effects of increasing temperature on flora and fauna. According to the report, lakes 

(particularly large lakes) have some ability to buffer increasing temperatures, but may 

experience rapid changes once that capacity is exceeded. 

• Variation in moisture in wetlands and other aquatic systems due to increasing overall rainfall in 

some areas and decreasing in others.  

• Adverse effects on the flora of alpine tarns and wetlands, which are adapted to cold conditions.  

• A general reduction in inland lake levels, particularly in the warmer months. 

• Increased thermal stratification of lakes, particularly of smaller/shallower lakes.  

• Range expansion of pest species (including diseases), which are generally speaking expected to 

be more tolerant to increasing temperatures than native species.  

The report also identified opportunities from which Otago may benefit as a result of climate change, 

however none of these were relevant to the natural environment domain. 

 Topography and land use 

The southern part of the Upper Clutha is a generally flat valley set at approximately 300-400 masl, 

according to contour data available from LINZ (Harriss, 2019). This is the area where the majority of the 
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population lives (including the towns of Wānaka and Hāwea), while the rural land is used predominantly 

for pastoral farming. This includes some relatively intensive agricultural activities on irrigated pasture, 

primarily on the Hāwea Flat. The hillsides defining this valley are also generally used for low-intensity 

agriculture (i.e. drystock farming). The Clutha/Mata-Au and Hāwea Rivers flow through the valley 

landscape through relatively incised channels set below the flat terraces.  

Lakes Wānaka and Hāwea define the northern end of this zone, with water levels of approximately 276-

278 and 343-345 masl. These lake levels are based on data for approximately September 2021-March 

2022 from ORC’s Water Monitoring and Alerts website (ORC, 2022), and winter levels may be outside 

these ranges.  

ORC (2009) note that Lake Wānaka is the second largest lake in Otago and the fourth largest in New 
Zealand, with a surface area of 180 km2. It is up to 311 m deep, and has six islands. The catchment area 

is dominated by “tall tussock grassland (37 %) and indigenous forest (14 %), with approximately 10 % 
occupied by agriculture or horticulture (listed in descending order of area occupied as “low producing 
grassland”, “high producing exotic grassland”, and “orchard/other perennial crops”). Most of the 
remainder of the catchment is made up of various natural land covers, although approximately 0.2 % is 

built up (i.e. urban) area. 

In most places the land rises steeply from the sides of the Lakes Wānaka and Hāwea, with numerous 

peaks of ~1,000-2,000 masl present within approximately 5 km of the lake shores, including on the 

narrow isthmus between the lakes. The various mountain ranges are separated by smaller river valleys, 

most notably the Cardrona, Matukituki, Motatapu and Hunter Rivers and the Makarora-Wilkins-Young 

River system. All of these are relatively flat-bottomed, narrow valleys, and therefore make up a small 

proportion of the catchment area. 

Further to the north and west of the lakes, the catchment includes large parts of Mount Aspiring 

National Park. This is a mixture of native bush and alpine landscapes, with some glaciers. The catchment 

boundaries in this area are defined by large peaks, most notably Mt Aspiring/Tititea (3,033 masl).  

Data on land cover in Otago available from the LAWA (Land, Air, Water Aotearoa) website indicates that 

land use change at a catchment scale has been relatively modest in recent years. As shown in Figure 6, 

between 1996 and 2018 the urban centres in the southern part of the catchment expanded and some 

native scrub/shrubland was converted to exotic grassland (presumably pasture) in the Matukituki and 

Makarora catchments and on the western shore of Lake Wānaka. However, this information may tend 

to suggest less land use change than is actually occurring because: 

• The dataset on which it is based covers a relatively short time period (~22 years) and does not 

account for land use change before 1996 or after 2018. 

• The land use categories are relatively broad and land use changes that may be significant for 

water quality could fall into the same category – for example an area which changed from 

drystock farming to more intensive irrigated pasture would likely be categorised as exotic 

grassland both before and after this change. Similarly, there is no distinction made between 

residential, commercial, industrial, and other urban land uses. 

 

https://www.orc.govt.nz/managing-our-environment/water/water-monitoring-and-alerts
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Figure 5: Change in impervious surface cover in Wanaka between 1956 and 2018. Source: Grant 

(2021). 

 

As Figures 7 and 8 show, there has been obvious land use change in the Wānaka and Hāwea Basins (the 

most populated parts of the catchment) over the past ~50 years. Grant (2021) examined the urban 

development of Wānaka in detail, and estimated the impervious surface coverage associated with 

buildings, roads and other structures in the town based on aerial and satellite photography. As shown 

in Figure 5, the area of impervious cover was found to have increased from 44 ha to 384 ha between 

1956 and 2018 – more than an eight-fold increase.



 

© Landpro Ltd 2022  

 

   

Figure 6: Catchment-scale land cover changes between 1996 (left) and 2018 (right). Source: LAWA. 
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Figure 7: Hāwea Flat in 1966 (left) and 2018 (right). Sources: Retrolens and QLDC GIS viewer, respectively. 



 

© Landpro Ltd 2022  

 

 

 

Figure 8: Wānaka in 1966 (top) and 2018 (bottom). Sources: Retrolens and QLDC GIS viewer, 

respectively. 
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Another aspect of land use with the potential to affect water quality is activities which lead to 

contamination of soil and/or groundwater. Discharges from these sites may then indirectly affect surface 

water quality. Otago Regional Council provided co-ordinates and basic details of all known sites on 

which activities on the Ministry for the Environment’s Hazardous Activities and Industries List (HAIL, 2011) 

may have occurred. These are taken from the Council’s HAIL register (as at 2019) and are presented in 

Figure 9. 

 

 

Figure 9: Landfills (pink) and other potentially contaminated sites (orange) in the Upper Clutha. 

Data source: ORC. 

 

These sites include a wide range of activities with a correspondingly wide range of risk levels: from 

landfills and sawmills to small-scale horticultural activities and sites that may have stored relatively small 

quantities of dangerous goods. Similarly, there are varying amounts of information available on each 

site, from detailed investigations confirming the presence of contamination through to sites where 

hazardous activities are suspected but no investigation has been carried out. It is also important to note 

that the list is a “work in progress” and is not exhaustive. For example, airports are included on the HAIL, 
but Wānaka Airport is not explicitly listed (it is included indirectly in relation to a fuel tank that was 

formerly present there and other aviation-adjacent activities) and there may be other activities that have 

occurred on private land that are not known about and have not been captured. 

Accounting for all of these factors to assess the risk to water quality posed by these sites would be a 

major undertaking and is beyond the scope of this review. However, the sites recorded in ORC’s register 
as at 2019 (excluding verified non-HAIL sites) are mapped in Error! Reference source not found.. In 

the map, landfills are shown in pink, with all other sites in orange. This reflects the fact that, of the 
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activities recorded in the register for the Upper Clutha, landfills generally pose the highest risk to water 

quality due to the potential for ongoing leachate discharges. The likelihood of this is highly site-specific, 

depending on the scale, age, use and design of the landfill, and some of these sites are farm landfills or 

other small fill sites unlikely to have wide-ranging effects (if any). Conversely, it is possible that some of 

the non-landfill HAIL sites may be highly contaminated and could be affecting water quality. Setting 

aside the above issues, and also acknowledging the limitations of this high-level approach, it is 

noteworthy that there are several closed landfill sites recorded near waterways (in particular the 

Makarora, Cardrona and Hāwea Rivers, and the Clutha near Luggate). We understand that QLDC 

manages the four relevant landfills in accordance with long-term discharge consents, which in the case 

of the former Wānaka landfill near the Cardrona River includes a requirement for groundwater and 

surface water quality monitoring.  

While this document is intended to cover water quality issues at catchment-scale, potential effects of 

these and other contaminated sites near waterways is one issue that should be taken into account when 

assessing any localised issues.  

 

 Geology and soils 

The GNS Science/Te Pū Ao 1:250,000 NZ Geology Webmap (Heron, 2018; see Figure 10) shows that the 

geology of the catchment is dominated by schist and other metamorphic rocks of the Rakaia Terrane, 

typically of Permian-Triassic stratigraphic age.  

The floors of the Hunter, Matukituki, Cardrona, and Makarora-Wilkins-Young valleys are made up of 

younger (primarily Holocene) river gravel deposits, with some Pleistocene deposits in the Cardrona 

Valley.  

The geology of the Wānaka and Hāwea Basins are dominated by Late Pleistocene river and glacial 

deposits. This area was affected by at least four glacial periods, resulting in a complex arrangement of 

areas with permeable river gravels and less permeable glacial till (Dale and Rekker, 2011, Wilson, 2012, 

Thomas, 2018).  

Some younger (Holocene) deposits are present near Lake Wānaka, the lower reaches of the Cardrona 

River, and on the eastern side of the Hāwea Terrace.  
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Figure 10: Geological map extract, showing locations of Rakaia terrane rocks (purple and blue 

areas) and more recent materials in yellow/light brown. Source: Heron, 2018. 

 

Figure 11: Soil map extract showing mapped soil units in the southern part of the catchment, 

coloured by drainage (from dark blue = very poorly-drained to light brown = very well-drained). 

Source: SMap, Landcare Research, 2018. 
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Data on surface soils are also available for the southern part of the catchment (with limited data 

elsewhere). As shown in Figure 11, most of the soils in the Wānaka and Hāwea Basins are relatively free-

draining, with smaller areas of poorly-drained soils in the Matukituki catchment and (to a lesser extent) 

near Hāwea. The soils in each sub-area of the catchment are described in more detail (where data is 

available) in Section 4 

 Hydrology and hydrogeology 

 Clutha River/Mata-Au 

The Clutha/Mata-Au is one of New Zealand’s largest rivers. Its 21,000 km2 catchment covers 

approximately two-thirds of the Otago Region, from the mountains north of Lakes Wānaka, Hāwea and 

Wakatipu in the north down towards Balclutha in the south. Those three lakes contribute approximately 

75 % of the total flow at Balclutha, with the Upper Clutha lakes contributing a significant majority of 

that (Murray, 1975). These lakes and the smaller hydro lakes downstream also contribute to the Clutha’s 
unusually uniform flow rate across the year (Duncan and Woods, 2004). 

As discussed in Section 2.1, the area covered by the CCP is the Upper Clutha, defined as the main stem 

of the Clutha/Mata-Au and all lakes and tributaries from the confluence with Luggate Creek upstream. 

In this section, the hydrology of the catchment is discussed in three sub-catchments:  

• the Hāwea sub-catchment (Lake Hāwea and all streams feeding it),  

• the Wānaka sub-catchment (as above for Lake Wānaka), and  

• the lower catchment below the lakes (including the main stem, the Hāwea and Cardrona Rivers, 

and Luggate Creek).  

 

 Hāwea catchment 

Lake Hāwea was raised by approximately 20 m in the 1950s by the construction of the Hāwea Dam, as 

part of the Roxburgh hydroelectricity scheme (Martin, 2019). Young et al (2004) note that the water level 

in the lake fluctuated by around 3 m prior to dam construction, and by up to 20 m afterwards, though 

the operating range was later reduced. It is now managed by Contact Energy to provide storage for 

both the Clyde and Roxburgh generation dams. Contact Energy holds a suite of resource consents from 

Otago Regional Council to operate the Hāwea Dam, including:  

• Consent 2001.383, which requires the levels of Lake Hāwea to be managed between 338 and 

346 masl (with some exceptions for flood and electricity shortage situations). 

• Consent 2001.392.V5, which requires the flow in the Hāwea River at Camp Hill Bridge to be 

managed. In summary (and ignoring some exceptions), the conditions require the flow to be 

maintained generally between 10 and 60 m3/s, and no higher than 200 m3/s, except in flood 

emergency conditions. Otago Regional Council’s Water Monitoring and Alerts webpage states 
that the mean annual low flow at the Camp Hill site is 7.3 m3/s (ORC, 2019c), although this is 

for a calculation period that largely predates the current resource consent (1968-2007) and 

therefore may not reflect current management of the Hāwea River. 
 

https://teara.govt.nz/en/photograph/22475/lake-hawea-dam
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The major tributary of the Hāwea catchment is the Hunter River, which flows from the Southern Alps in 

the north through a narrow valley between the Huxley and Young Ranges. Other significant tributaries 

include the Timaru River and the Dingle Burn, both of which flow into the eastern side of Lake Hāwea. 

The Hāwea Basin also holds significant groundwater resources, most notably the Hāwea Flat and High 

Terrace aquifers. These are unconfined aquifers in gravels and glacial materials with a saturated depth 

of 20 m or more which are connected to surface water (predominantly Lake Hāwea and the Hāwea and 

Clutha Rivers), with recharge both from surface water and from soil drainage (Heller 2001). In recent 

years there has been significant expansion of groundwater use, particularly for irrigation (see Section 

2.4). 

 

Figure 12: Lake Hāwea and the Hāwea River in 1951, before the Hāwea Dam was built. Source: 

National Library's Timeframes database. Reference: WA-28373-F. 

 Wānaka catchment 

Lake Wānaka extends a distance of approximately 43 km from Wānaka in the south to near Makarora 

in the north. The principal tributaries are the Matukituki/Mātakitaki and the Makarora-Wilkins-Young 

River system. ORC (2022) monitor the flow of the Matukituki at West Wānaka, where the median flow is 

approximately 45 m3/s, with flood flows sometimes exceeding 1,500 m3/s. There is no flow monitoring 

station on the Makarora, but a rain gauge maintained by ORC records a mean annual rainfall of 

2,396 mm, and NIWA’s Rivermaps model predicts a median flow of 97 m3/s (Booker and Whitehead, 

2017).  
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 Clutha/Mata-au main stem and lower tributaries 

The outlet from Lake Wānaka is near the south-eastern corner near Dublin Bay, north-east of Wānaka 

town. Both the Cardrona and Hāwea Rivers join the Clutha near Albert Town, approximately 5 km 

downstream from the outlet. Below those confluences (but above the Luggate confluence), the Clutha 

has a mean annual low flow of approximately 120 m3/s, with occasional flood flows above 1,000 m3/s.  

The Hāwea River is the largest of the tributaries in this reach of the Clutha. As noted above, flows in the 

Hāwea are controlled by the Hāwea Dam to a rate typically in the tens of m3/s. 

The next largest tributary in the area is the Cardrona River, which has a mean annual flow of 1.18 m3/s 

at Mt Barker (Ravenscroft et al., 2017) and a median flow of 1.95 m3/s (ORC, 2019).2  The middle and 

lower reaches of the Cardrona overlie the Wānaka Basin Cardrona Gravel Aquifer, which is part of an 
interconnected ground-and-surface water system that also includes Lake Wānaka, Bullock Creek and 

various other spring-fed streams within or near Wānaka. The middle reaches of the Cardrona River are 

the major source of groundwater to this aquifer, which is unconfined, hosted primarily in glacial 

materials and recent gravels, with a saturated thickness of 30 m or more (Heller, 2001). Groundwater 

then flows generally to the north or north-west before discharging into the Lake Wānaka/Clutha River 
system, either directly or via smaller waterways such as Bullock Creek, or the lower reaches of the 

Cardrona. Because of this, the middle reaches of the Cardrona frequently run dry in summer (Dale and 

Rekker, 2011; Golder Associates, 2015; Jackson, 2017; Thomas, 2018). There is also a limited groundwater 

resource (the Cardrona Alluvial Ribbon Aquifer) in the upper reaches of the Cardrona, within the 

Cardrona valley.  

The other tributary in this area is the much smaller Luggate Creek. There is limited information on the 

hydrology of this catchment, but irrigators in this catchment have a minimum flow cut-off of 0.18 m3/s, 

and flows over the 6 month period from October 2021 to March 2022 typically ranged between 0.5 and 

2.0 m3/s (ORC, 2022) 

 Current water quality 

 Sources of information 

Since the publication of the original literature review in 2019, there has been a considerable increase in 

the amount of water quality data available for the area, as well as several important relevant pieces of 

research. Most notably: 

• Otago Regional Council published State of the Environment: Groundwater Quality in Otago (Levy 

et al, 2021). To the best of our knowledge, this is the first such comprehensive report on region-

wide groundwater quality, and it provides data to assist in filling a significant knowledge gap 

identified in the original literature review.  

• Otago Regional Council re-designed its network of water quality monitoring sites region-wide, 

resulting in an approximate doubling in the number of surface water quality monitoring sites 

within the area of interest. The changes to the programme commenced in 2018 and were briefly 

discussed in the original literature review, but at that point only a small number of samples had 

been collected from each new site and there was insufficient data for meaningful trends to have 

 
2 We note that the observation of a median flow higher than the mean is unusual. These values are from 
different sources and may be based on a different reference period or source of flow data.  

https://www.orc.govt.nz/managing-our-environment/water/water-monitoring-and-alerts/upper-clutha/luggate-creek-and-sh6-bridge
https://www.orc.govt.nz/media/9785/otago-groundwater-soe-report-march-2021.pdf
https://www.orc.govt.nz/media/9785/otago-groundwater-soe-report-march-2021.pdf
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been observed. At the time of writing, these new sites have been monitored monthly for 4 years 

(generally monthly). 

• Related to this, ORC has released an updated report on water quality monitoring results 

throughout Otago, State and Trends of River and Lake Water Quality in the Otago Region, 2000-

2020 (Ozanne, 2020).  

• Extensive research has been carried out (mostly by or on behalf of ORC) into hydrology, ecology, 

human water use, and groundwater-surface water interactions in the Cardrona catchment 

(Allibone, 2019; Thomas, 2019; Harris, 2020; and Henderson and Collins, 2020). The Allibone 

report is discussed in Section 2.8. The others relate primarily to flow and allocation issues and 

are not discussed further here, but are mentioned for the benefit of any readers with a particular 

interest in the Cardrona catchment. 

• Research commissioned by WAI Wānaka into the quality of stormwater discharges into Lake 

Wānaka was completed by Victoria Grant and colleagues (Grant, 2020 and 2021) 

• The SABER CULTURAL project investigating cultural (Māori and Pākehā) and other water values 

the local community holds for Lake Wānaka and its upper catchment and how these values 

integrate to guide the development of a sustainable catchment management, was completed 

(Langhans and Schallenberg, 2021). 

• Research has been undertaken on various relevant ecological topics, including the health of 

urban streams, plant life in lakes, and picocyanobacterial communities and bullies.  

In light of the above work, the discussion of water quality in the 2019 version of this review has to a 

large extent been superseded by new information. Accordingly, this section has been fully re-written 

based primarily on these documents, and the corresponding section from the 2019 report has been 

transferred to Appendix B, with only critical pieces of information from the earlier version repeated here. 

Note that the above list of documents and data is not comprehensive, and numerous other pieces of 

relevant information have been identified, as well as a smaller number of older documents which did 

not come to our attention during the original literature review. The scope of this review does not allow 

for a comprehensive critical review of each document. Instead, we have summarised the main findings 

of the key documents identified above. In particular, we note that the Schallenberg and Mager research 

groups at the University of Otago have both completed a significant amount of relevant research, only 

some of which could be included here. 

A number of documents of lesser significance and/or relevance are included in the references to assist 

others in finding these resources, but in the main text these are discussed in passing or not at all. As an 

example, several pieces of academic research have been published on pathogens and parasites affecting 

aquatic species native to the area. These may include information on the ecology and distribution of 

the host species, but were considered only incidentally relevant in the context of this review, and 

therefore are included in the bibliography, but not further discussed.  

 

 Groundwater quality 

During the 2019 literature review, it was identified that recent groundwater quality data in the catchment 

was very limited, apart from single samples that are often collected when wells are drilled.  

https://www.orc.govt.nz/media/9781/state-and-trends-of-lake-and-river-water-quality-in-the-otago-region-2000-to-2020.pdf
https://www.orc.govt.nz/media/9687/cardrona-scenarios-habitat-availability.pdf
https://www.orc.govt.nz/media/9684/modelled-effects-of-transfering-surface-water-takes-to-groundwater-final.pdf
https://www.orc.govt.nz/media/9681/economic-impact-flow-management-cardrona-final.pdf
https://www.orc.govt.nz/media/9685/niwa-cardrona-flow-report-final.pdf
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The most complete studies up to that time were by GNS Science (Rosen et al., 1997; Rosen & Jones, 

1998) who analysed the groundwater chemistry of the Wānaka and Wakatipu basins. They found that 

major ion composition of water from the wells sampled was dominated by Ca2+ and HCO3
-, and 

groundwater quality was generally good. Dissolved reactive phosphorus concentrations were typically 

< 0.008 mg/L and nitrate + nitrite nitrogen (NNN) concentrations below ~4 mg/L in samples collected 

from approximately 20 wells between Wānaka town and Mt Barker in August 1994-December 1995. 

Nine of the wells had NNN concentrations generally below 1 mg/L. The remaining wells were generally 

in the low single digits of mg/L NNN, apart from a single well (F40/0057) which had only one sample 

collected, with an extremely high concentration of 42 mg/L. This last value is not included on the 

relevant graph and may have been considered erroneous or an outlier by the authors.  They noted there 

is some concern regarding areas of faecal contamination and potentially increasing nitrate levels.   

More recently, some data for the Hāwea Basin aquifers was analysed by Wilson (2012). This included 
analysis of data from two wells with a relatively short time series (G40/0120 and G40/0129), in addition 

to others with single samples. The author summarised the groundwater quality findings as follows: 

Groundwater quality at Hawea Flat is among the most pure in Otago. This is due to a combination 

of factors, including good quality recharge sources and low amounts of organic matter within the 

aquifer. These factors create a highly oxidised aquifer environment. The only discernible impact 

of land-use on the Hawea Flat Aquifer is contamination from septic tanks in the Hawea Flat and 

Windmill Corner residential areas. Evidence of a slight impact from fertiliser application along the 

eastern margin of the Hawea Basin has also been found. 

 

The suite of contaminants for which data was available was relatively limited. Results for general 

physico-chemical variables were consistent with calcium-bicarbonate type water, indicative of 

“immature, freshly recharged groundwater”. E. coli was detected in only one of the samples tested (at 

G40/0250), and nitrate concentrations were typically below 1 mg/L. However, elevated nitrate 

concentrations were detected in the vicinity of Hāwea Flat township, probably due to septic tank 
contamination (Wilson, 2012). Two wells near the southern end of the aquifer also had slightly elevated 

nitrate concentrations (1-2 mg/L).  

Jackson (2017) carried out research on the Cardrona River, also including groundwater sampling near 

Cardrona village, within the Cardrona Alluvial Ribbon Aquifer. The primary focus was on hydrology 

(using water chemistry as a tracer of flow changes along the length of the Cardrona, etc.), however the 

analytical suite included nitrogen – stated as nitrate in the thesis but we understand to be considered 

as equivalent to NNN (pers. comm. Sarah Mager). Water chemistry samples were collected on five 

occasions between July 2016 and February 2017, with between 1.4 and 2.2 mg/L of NNN detected.  

Since 2019, the State of the Environment: Groundwater Quality in Otago (Levy et al, 2021) report was 

published. This summarises groundwater quality at 55 monitoring bores region-wide used for state of 

the environment (SOE) monitoring, up to December 2019. Six of these wells are located within the Upper 

Clutha Area. Details of these wells from the Levy et al. report and from ORC’s Water Allocation GIS 

viewer are listed in Table 2. 

 

https://ourarchive.otago.ac.nz/handle/10523/8264
https://www.orc.govt.nz/media/9785/otago-groundwater-soe-report-march-2021.pdf
https://maps.orc.govt.nz/OtagoViewer/?map=1c59ff71893d4613a169806198eedafd
https://maps.orc.govt.nz/OtagoViewer/?map=1c59ff71893d4613a169806198eedafd
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Figure 13: Groundwater monitoring wells with water quality data reported in Wilson (2012) or 

Levy et al. (2021). 

  

SOE wells are typically monitored quarterly (some annually) for major ion geochemistry, metals, and 

microbiological parameters. The primary groundwater contaminants of concern, arsenic, nitrate 

nitrogen, ammoniacal nitrogen and E. coli, are compared against the Drinking Water Standards for New 

Zealand (DWSNZ, Ministry of Health, 2005, rev. 2018) in the report. The results of this comparison (also 

incorporating more recent data provided by ORC) are summarised in Table 2. 

 

https://www.taumataarowai.govt.nz/assets/dwsnz-2005-revised-mar2019.docx
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Table 2: Summary of Upper Clutha wells included in Otago Regional Council's state of the 

environment groundwater programme. 

Aquifer Well 

number 

Use Depth to… (mbgl) Moni-

tored 

since 

Mean concentration of… (mg/L, 
unless stated) 

Base of 

well 

Ground-

water 

As NO3-

N 

NH3-N E.coli 

(MPN/

100 mL

) 

Wānaka 
Basin 

Cardrona 

Gravel 

Aquifer 

F40/0025 Domestic, 

irrigation 

40.0 25.7 2008 <LOD 0.6 <LOD <LOD* 

F40/0045 Domestic 60.0 10.7 2010 <LOD 3 <LOD <LOD* 

F40/0206 Irrigation, 

stock water 

45.0 28.8 2018 <LOD 0.8 <LOD <LOD 

Hāwea Flat 
Aquifer 

(Hillside 

Domain) 

G40/0367 Monitoring 17.1 Unknown 2015 <LOD 1.3 <LOD <LOD 

G40/0415 Monitoring 30.1 26.7 2018 0.0011 0.07 <LOD <LOD 

Hāwea Flat 
Aquifer 

(Lakeside 

Domain) 

G40/0416 Monitoring 30.5 27.7 2018 0.0015 0.4 <LOD <LOD 

LOD 0.001 0.001 0.005 1 

DWSNZ 0.01 11.3 1.2 <1 

Notes: As = arsenic, NO3-N = nitrate (reported as nitrate-nitrogen), NH3-N = ammonia (reported as 

ammoniacal nitrogen), <LOD = not possible to calculate mean as most values are below the detection 

limit, as stated in Table 1 of Levy et al., 2021. 

* E. coli concentrations listed as “<LOD*” were typically below the detection limit, but occasional 

concentrations slightly above the detection limits (1-10 MPN/100 mL). Wells listed as <LOD (no *) for 

E. coli had all results below LOD. 

Mean concentrations calculated for all measurements from 2017 onwards. 

 

Overall, these results show that concentrations of these selected contaminants in groundwater in the 

SOE monitoring wells within the Upper Clutha catchment typically comply with the relevant drinking 

water standards. The only exception was E. coli at F40/0025 and F40/0045, which exceeded the standard 

(1 MPN/100 mL, the same as the detection limit) on rare occasions but complied with the limit in most 

samples collected. 

In addition to potential human health effects when groundwater is used for drinking, groundwater may 

also affect surface water quality in groundwater-fed streams and rivers. Levy et al. note that G40/0367 

(the shallowest of the Hāwea Basin wells and therefore potentially the most likely to be in contact with 
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surface water) has 80th percentile nitrate and dissolved reactive phosphorus (DRP) concentrations of 1.6 

and 0.007 mg/L respectively. These concentrations exceed ORC’s surface water quality limits, slightly for 

DRP and significantly in the case of nitrate. The ‘A’ attribute state limits from the National Policy 

Statement for Freshwater Management (NPS-FM; Ministry for the Environment, 2020; see Section 3) 

may also potentially be exceeded, but the report does not directly make this comparison or include the 

raw data. 

Note that direct comparison of groundwater concentrations with surface water quality standards may 

be valid for the Wānaka Basin Cardrona Gravel Aquifer, which flows into a number of small spring-fed 

streams (e.g. Bullock Creek). It is noteworthy that nitrate concentrations are elevated in two of the 

Wānaka Basin Cardona Gravels Aquifer wells, and also in baseflow surface water in Bullock Creek (see 
Section 2.7.3 below). However, in the case of the Hāwea Flat Aquifer, discharges of groundwater to 
surface water would be expected to be subject to significant dilution. 

Overall, the quantity and quality of groundwater quality data has greatly increased since the 2019 

edition of this report, primarily due to the Levy et al. report. However, significant data gaps remain, in 

particular: 

• The spatial extent of slightly elevated groundwater nitrate concentrations detected in some 

wells. Based on the data available, it is unclear whether these elevated concentrations are 

localized to the wells sampled and activities on those specific sites, or are representative of 

wider plumes of above-background nitrate concentrations. 

• Groundwater-surface water interactions. As discussed in the following sections, groundwater 

inflow into Bullock Creek appears to be strongly influencing nitrate concentrations in the Creek. 

In our opinion, it would be beneficial to further investigate: 

o The causes and consequences of nitrate concentrations in Bullock Creek and the source 

aquifer. 

o Other potential surface water bodies that may potentially be experiencing similar 

issues, for example the lower Cardrona. 

 

 Stormwater quality 

After an urban stormwater workshop in 2018, WAI Wānaka funded research into stormwater quality in 

waterways entering Lake Wānaka. The results of this are reported in Grant (2020 and 2021), and a plain-

English summary of the results has also been prepared by WAI Wānaka (Rabel, 2021a). 

The purpose of the research was to assess how contaminants are flushed during rainfall from urban land 

within Wānaka into the lake, and how this process is affected by ongoing land use changes. Sampling 

was carried out on eleven occasions between November 2017 and February 2020 out at 12 urban 

streams and stormwater outlets flowing through the town, with sampling events occurring following 

rainfall of 1 mm/hour or greater. Additionally, baseline water quality data was available. This was from 

samples collected in 2017-18 during periods with no significant rainfall. 

The study also investigated changes in urban land cover, as discussed above in Section 2.4. 

https://environment.govt.nz/assets/Publications/Files/national-policy-statement-for-freshwater-management-2020.pdf
https://ourarchive.otago.ac.nz/handle/10523/10404
https://waiwanaka.nz/wp-content/uploads/2021/05/Wai-Wanaka-2021-Report-on-Stormwater-Quality-in-Wanaka.pdf
https://waiwanaka.nz/wp-content/uploads/2021/05/Stormwater-report_Summary.pdf
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Figure 14: Location of stormwater monitoring sites, including both baseline sampling sites from 

earlier monitoring and sites used by Grant (2021). 

Samples were analysed for E. coli, suspended sediment and selected nutrients and metals, and the 

results were compared with relevant guidelines from ANZECC (2000, 80% protection of freshwater 

species) and ORC (Regional Plan: Water, Schedule 15). 

In summary, this research showed that: 

• Nitrate concentrations in baseline samples were elevated in Bullock Creek, with typical 

concentrations around 1 mg/L. In contrast, the other surface water bodies studied (Stoney and 

Waterfall Creeks and the Cardrona River) had very low nitrate concentrations (0.15 mg/L or 

lower). The elevated nitrate concentrations in Bullock Creek were attributed to the fact that it is 

fed by groundwater from the Wānaka Basin Cardona Gravels Aquifer. 

• Many baseline samples also had one or more other contaminants present in excess of relevant 

guidelines, with suspended sediment, E. coli and dissolved reactive phosphorus (DRP) being the 

contaminants which most frequently exceeded guideline levels. 

https://www.waterquality.gov.au/anz-guidelines/resources/previous-guidelines/anzecc-armcanz-2000
https://www.orc.govt.nz/media/1229/regional-plan-water-schedules.pdf#page=107
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• Apart from the headwaters of Bullock Creek, water quality during storm flows was found to be 

outside the ANZECC/ORC guidelines for at least one contaminant at all sampling locations.  

• The temporal distribution of contaminant concentrations within each storm event was complex. 

Further research investigating stormwater contaminant concentrations across the entire 

duration of storms was recommended. 

• Increased impervious surfaces within sub-catchments appeared to be associated with elevated 

concentrations of various contaminants in urban waterways. Turbidity, E. coli and total 

phosphorus (TP) concentrations had a statistically significant correlation with impervious cover 

in the catchment (p < 0.05), while most other contaminants had a weaker association (p 

between 0.05 and 0.1) that may potentially still indicate a correlation. 

• Of the sites sampled, water quality was judged to be the worst overall at the Bremner Drain, 

MacDougall St Drain, Kirimoko Subdivision, Beacon Point Drain and Stoney Creek Urban sites 

(see Figure 14). 

 

 Surface water quality 

As noted above, ORC State and Trends of River and Lake Water Quality in the Otago Region, 2000-2020 

(Ozanne, 2020) was prepared since the publication of the original 2019 version of this document. In 

comparison to the previous State of the Environment (SOE) reports by ORC referenced in the 2019 

literature review (ORC, 2007; Ozanne, 2012; Uytendaal & Ozanne, 2018), the 2020 report: 

• Includes a wider range of monitoring sites from which data was not previously available, as 

noted above, 

• Was able to analyse trends over a longer time period than had previously been possible due to 

several years of further data collection, 

• Assesses the data against current regulatory standards for water quality that have come into 

force since the most recent of the earlier documents, 

• Is considered, taking all of the above into account, to effectively supersede these previous 

reports for the purposes of understanding the current state and medium-term trends (years to 

decades) in water quality in the catchment. 

There is a network of 14 regular stream/river water quality monitoring sites within the study area (mostly 

monitored by ORC, with some by NIWA), including four which have at least ten years’ worth of historical 

data available. Generally these sites are sampled monthly (bi-monthly prior to mid-2013). Additionally, 

there are five regularly monitored lake water quality sites (three in Lake Hāwea and two in Lake Wānaka), 
plus some additional lake sites which have had occasional monitoring.  

The majority of the river/stream sites were added to ORC’s network in 2018. This significantly increased 
the spatial coverage, but means that most of the sites have been operating for less than five years. 

Consequently, while the typical quality of water at these sites may be well characterised, any long-term 

degradation or improvement may not yet be evident. It is also important to note that even the longest-

running sites have only been monitored since the 1990s or late 1980s, and therefore the results are 

https://www.orc.govt.nz/media/9781/state-and-trends-of-lake-and-river-water-quality-in-the-otago-region-2000-to-2020.pdf
https://www.orc.govt.nz/media/5310/soe-water-quality-report-may-07.pdf
https://www.orc.govt.nz/media/5539/state-of-the-environment-surface-water-quality-in-otago-report-2006-to-2011.pdf
https://www.orc.govt.nz/media/6957/final_orc_soe_report_2006_to_2017.pdf
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reflective of a catchment already altered by centuries of human activity, including approximately 130 

years of more dramatic land use changes during and since the colonial era. 

 

 

Figure 15: Upper Clutha surface water quality monitoring sites. Sites marked in green have at 

least 10 years of data available, sites marked in blue are newer (mostly started 2018). Not shown: 

Upper Cardrona at Tuohys Gully Road (out of frame to the south, a new site). 

Samples collected as part of this monitoring programme are tested for: 

• Nutrients and other indicators for phytoplankton and periphyton growth. These are 

aquatic plants and algae which can multiply excessively when nutrient concentrations are high. 

This can have a negative effect on ecosystems and human uses of water. Chlorophyll-a is 

commonly tested for as a proxy for the biomass of these organisms. Additionally, nutrients 

including nitrate nitrogen (NO3 N), ammoniacal-N (NH4 N), dissolved reactive phosphorus 

(DRP), total nitrogen (TN) and TP are monitored as high concentrations of these can lead to 

excessive growth of periphyton and phytoplankton. 

• Suspended sediment, which can adversely affect a range of aquatic life, particularly smaller 

organisms which rely on riverbed gravels and suffer habitat loss when this is covered with finer 

sediments. Suspended sediment can be monitored directly, or using clarity or turbidity 

measurements as a proxy. 

• Toxic substances, including some nutrients which are also toxic at high concentrations: 

ammonia and nitrate (although nitrate generally causes adverse effects as a nutrient well below 

the concentration where it becomes toxic). 
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• Aquatic life, represented by a group of variables related to the macroinvertebrate community 

index (MCI). 

• E. coli, as a microbiological indicator of human or animal faecal contamination and therefore 

the risk of infection from contact with surface water.  

The values of these variables were assessed against guidelines from the National Objectives Framework 

(NOF) from the NPS-FM (Ministry for the Environment, 2020) for each of the relevant variables, and 

graded into the appropriate attribute band. For each variable, these range from ‘A’ (best) to ‘D’ (worst), 
apart from E. coli for which there is also an ‘E’ band. Note that some variables have multiple relevant 

standards, for example, one for the maximum and one for the median concentration of that variable. 

For most variables, a ‘D’ grade is considered unacceptable with regard to national bottom lines, but in 
light of the Upper Clutha community’s aspirational water quality goals, we have used the ‘A’ attribute 
state limits as the primary reference values in the remainder of this section. More details on the grading 

of sites are available in Ozanne (2020). The remainder of this section will focus on the results of that 

grading and interpretation of those results. 

Table 3 shows the attribute states as assessed by Ozanne (2020) for each of the rivers and streams within 

the Upper Clutha catchment.  

 

  

https://environment.govt.nz/assets/Publications/Files/national-policy-statement-for-freshwater-management-2020.pdf
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Table 3: Attribute states summary for Upper Clutha Rivers and Streams (reproduced from Figures 

5 and 10 of Ozanne, 2020).  
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Bullock Creek                  

Cardrona River (d/s)                  

Cardrona (u/s)                  

Clutha River                  

Craig Burn                  

Hāwea River                  

Leaping Burn                  

Luggate Creek                  

Makarora River                  

Matukituki River                  

Motatapu River                  

Quartz Creek                   

The Neck Creek                  

Timaru River                  

Notes: blank cells indicate no data, white cells with circles indicate data available, but below the minimum 

sample numbers recommended as per the NPS-FM, filled cells indicate minimum sample numbers met. 

Colour coding: A attribute state = green, B = yellow, C = orange, D = red. 
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Overall, these data show that: 

• Few sites have direct measurements of periphyton (based on chlorophyll-a), and of those that 

do, results are of concern for Bullock Creek and (to a lesser extent) Luggate Creek. Of the sites 

not monitored directly for periphyton, about half had nutrient concentrations potentially 

indicative of excessive periphyton biomass. 

• Suspended fine sediment concentrations fell within the ‘D’ attribute state for the Cardrona, 
Clutha and Timaru River monitoring sites, and within the ‘A’ state everywhere else. Ozanne 

(2020) attributes the Timaru River result to a steep, erosion-prone catchment. 

• Toxic concentrations of nitrate or ammonia do not appear to be of concern in any of the 

monitored streams in the catchment.  

• Ecological variables (MCI and ASPM) are monitored in relatively few locations across the 

catchment and where results are available, they indicate a potential cause for concern in this 

area.  

• E. coli concentrations are of particular concern in Bullock Creek (which Ozanne attributes to 

water fowl and/or stormwater runoff), and also of lesser concern in the Cardrona, Makarora and 

Motatapu Rivers, as well as Leaping Burn and Quartz Creek. 

• The water quality in Bullock Creek appears to be the worst overall of the sites monitored.  

 
Sufficient data to assess trends was available only for these sites (see Figures 8 and 13 of the Ozanne 

report): 

• Matukituki at West Wānaka, where:  

o ammoniacal nitrogen, DRP and TP were found to be improving (i.e. concentrations are 

reducing); 

o Turbidity, nitrate + nitrite nitrogen, and E. coli were found to be worsening (i.e. 

concentrations of these variables are increasing); 

• Luggate Creek at SH6 Bridge, where:  

o ammoniacal nitrogen, DRP and MCI were found to be improving; 

o E. coli, nitrate + nitrite nitrogen, TN, TP and turbidity were found to be worsening; 

• Hāwea at Camphill Bridge, where: 

o Ammoniacal nitrogen, TP and turbidity were found to be improving; 

o E. coli and nitrate + nitrite nitrogen were found to be worsening; 

• Cardrona at Mt Barker (downstream), where: 

o Ammoniacal nitrogen, DRP, E. coli and turbidity were found to be improving; 

o Nitrate + nitrite nitrogen, TN and TP were found to be worsening. 
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Note that at some of these sites, some variables were either found to have a trend that could not be 

statistically determined as increasing or decreasing, or insufficient data was available to assess the trend. 

The author also notes a lack of robust information on land use changes that might help interpret and 

manage these trends. 

Jackson’s (2017) thesis also included surface water sampling for NNN at 11 surface water sites in the 

Cardrona River. NNN concentrations were below 0.05 mg/L and relatively consistent downstream in 

most sampling events, but in March 2016 and in some winter and spring 2016 sampling rounds there 

was evidence of increasing NNN downstream, with up to ~0.25 mg/K of NNN recorded at the 

downstream end of the river in July 2016. 

Lissaman (2020) and sources therein provide additional data on water quality in the Matukituki 

catchment, including for the main stem further up the valley from the ORC’s sampling site, and for 

selected tributaries. These results show increases in the concetnrations of ammonium, nitrate and 

phosphate moving downstream in the main stem, though as shown in Table 3, the downstream 

concentrations of these nutrients remain at levels generally indicative of excellent water quality. 

Lissaman also investigated the impacts of differing water quality mitigation measures on high country 

farms in the catchment.  

https://ourarchive.otago.ac.nz/handle/10523/10604
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The equivalent data for the Upper Clutha lakes is summarised in Table 4, though note that the variables 

monitored in lakes are slightly different to those in rivers and streams. 

Table 4: Attribute states summary for Lakes Wānaka and Hāwea (reproduced from Figure 6 of 

Ozanne, 2020). 
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Lake Wānaka open 
water 10 m            

Lake Wānaka at 
outlet            

Lake Hāwea north 
open water 10 m            

Lake Hāwea south 
open water 10 m            

Lake Hāwea outflow 
at dam            

Notes: blank cells indicate no data, white cells with circles indicate data available, but below the minimum 

sample numbers recommended as per the NPS-FM, filled cells indicate minimum sample numbers met. 

Colour coding: A attribute state = green, B = yellow, C = orange, D = red. 

 

Water quality in the lakes is excellent, with all monitoring sites in the ‘A’ attribute state with respect to 
all variables measured. No data was available for E. coli at the Lake Wānaka open water 10 m site, or for 
ammoniacal nitrogen at the Lake Hāwea outflow at dam. 

However, the water quality trends (where any trend could be detected) were somewhat less 

encouraging: 

• Lake Wānaka open water: ammoniacal nitrogen, DRP, TN and TP all improving. 

• Lake Wānaka at outlet: ammoniacal nitrogen, TN, TP and turbidity all worsening, nitrate + 

nitrite nitrogen improving.  
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• Lake Hāwea outflow at dam: no clear trend in turbidity or TP. 

Note that the results for the two outlet/outflow sites are based on the 10-year trend period. There were 

slightly different results for the 18-year trend period, as shown in Figure 8 of Ozanne (2020). The Lake 

Wānaka open water site trends are based on comparison of two different monitoring periods (2006-

2009 and then 2018 onwards). 

 

 SABER CULTURAL project  

SAfeguarding Biodiversity and Ecosystem seRvices by integrating CULTURAL values in freshwater 

management: learning from Māori (Horizon 2020 - European Commission grant Agreement number 

748625). 

As noted above, the SABER CULTURAL project carried out by Simone Langhans was underway at the 

time of the original literature review and has since been completed. Associate Professor Langhans 

summarised the project background, methodology and outcomes as follows: 

“Fresh waters remain one of the most seriously threatened ecosystems on the planet and managing them 

in a way to reach good ecological and human health and wellbeing will be one of the great challenges of 

the UN Decade on Ecosystem Restoration. Inadequate success of decade-long attempts to restore aquatic 

biodiversity questions the effectiveness of common top-down driven approaches focusing on ecological 

and socio-economic objectives alone. Approaches based on public engagement that take into account 

cultural values and knowledge of local communities are a way forward to enhance environmental 

management through concurrently strengthening people’s wellbeing. Little guidance on the integration of 
such plural values is provided in respective directives, which leaves the challenge to the water managers 

to overcome. An approach advocated to help with value integration is Ecosystem-Based Management 

(EBM). SABER CULTURAL explored a values framework based on Multi-Criteria Decision Analysis (MCDA) 

theory, to tackle a major challenge in freshwater EBM: including cultural values that build a conceptual 

link between natural resources/biodiversity and local knowledge. More specifically, SABER CULTURAL 

tested how to practically quantify and integrate western and indigenous cultural values with ecological 

and socio-economic ones and how to consider trade-offs and compromises in the development of EBM 

plans for two case study systems in Aotearoa New Zealand. 

The MCDA-framework successfully achieved to weave together western and indigenous cultural values 

with western science-based ecological and socioeconomic values in a co-developed freshwater 

management plan with buy-in from the community. Clearly stating values as objectives and structuring 

them allowed identifying potential management strategies that target current system deficits, and ranking 

alternatives based on the objective assessment of their performance against all objectives combined with 

the subjective preferences of the diverse stakeholders. Values-based approaches such as MCDA are a way 

forward to develop inclusive freshwater co-management in NZ and elsewhere. 

 

Within the SABER CULTURAL project a collaboration with the Wanaka community was established to 

develop an EBM-plan for Lake Wanaka and its upper catchment. To do so necessitated various meetings 

with key locals to explain the project, point out the benefits of the MCDA-framework, and to build trust. 

This phase was followed by workshops to gather the values the communities relate to their freshwater 

systems. This information was used to produce a hierarchy of objectives for each system, discussed and 

edited this “objectives hierarchies” according to further community input and the national water 
legislation, and populated the hierarchies with attributes and value functions. To identify the range of 

subjective preferences, i.e. weightings, for the different objectives available in the communities, one-on-

one interviews with key stakeholders were performed. Based on potential action alternatives, co-identified 
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with the communities, scenario planning was used to rank action alternatives according to their estimated 

performance, with and without stakeholder-specific weightings. 

 

With SABER CULTURAL the following results were produced: 

• Full objectives hierarchy for the two case studies (Lake Wānaka and another location which is not 
relevant here) based on community values, approved by the communities through extensive 

collaboration activities. 

• Comprehensive collections of available environmental information. For Lake Wānaka, the collection is 

in form of an excel database and published in a openly accessible report. 

• Development of value functions for all attributes and identification of the current status of each 

attribute. 

• Implementation of the gathered information in R-scripts to operationalize the objectives hierarchy, 

including the attributes, value functions and the aggregation of values to analyse the consequences of 

different management actions and the impact of different weights given to the objectives by key 

stakeholders on the action ranking. 

• Development of conceptual social-ecological system models within a Bayesian Belief Network 

approach for further population with probabilities. 

 

From the intensive collaboration in the case studies, four key lessons have been learnt: 

• The MCDA-process and its outcomes significantly help visualise and organise community values, 

identify knowledge gaps and rank action alternatives. 

• Collaboration with local stakeholders can be uncomplicated, while getting engaged with local decision 

makers might be more challenging. 

• Cultural objectives were found to be important to all stakeholders; more important than economic ones 

but a little less than maintaining a healthy ecosystem. 

• Māori objectives were identified to be similarly important to all stakeholders when compared with 

western cultural objectives. 

 

Results of SABER CULTURAL can be exploited through science-based policy making, i.e. can directly help 

shaping evidence-based policy in NZ. This can happen in two ways. Fist, the process taken in SABER 

CULTURAL is based on true public collaboration and therefore recognizes the democratic drivers behind 

policy making. Second, the integration of people’s cultural preferences in freshwater management provides 
evidence on how (socio)cultural and ecological freshwater values are linked. This information can be used 

to revise current freshwater assessment and management to account for, and include, human well-being. 

SABER CULTRUAL demonstrated the practical application of the MCDA-framework with two case studies 

in NZ, one of which was Lake Wānaka and its upper catchment, weaving together cultural indigenous, 

western cultural, ecological and socio-economic values and in accordance with the new national water 

legislation. 

 

Despite there is still much room for improvement, a mixed top-down/bottom-up approach without 

compromising neither the best available scientific evidence nor cultural beliefs and preferences of the 

whole community, provides a way forward in freshwater EBM and leads to positive outcomes for freshwater 

environments and local communities. With SABER CULTURAL, an example has been set that the MCDA-

framework is capable of operationalizing this endeavour and encourage managers to embrace the 

challenge of applying it. 

 

SABER CULTURAL entails great innovation capacity for the Otago region and NZ more generally. SABER 

CULTURAL demonstrated how to operationalize the NZ freshwater policy, which could function as a 

blueprint to be followed to develop freshwater management plans in NZ’s regions. Moreover, outcomes of 
SABER CULTURAL challenge the top-down driven development of river basin management plans (RBMP) 
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in Europe under the EU Water Framework Directive and inspire working towards more community 

inclusiveness in future amendments of those plans.” 
 

 Ecology 

Before human settlement, it is understood that the Upper Clutha catchment was largely forested. 

Kanuka, kowhai and Hall’s totara were likely the dominant species in the southern part of the catchment, 
while significant beech forests existed elsewhere (Walker et al., 2003, McGlone et al., 2003). Numerous 

bird species, including kiwi, weka, kakapo, kaka, laughing owls, Haast’s eagle, falcons, morepork and 
several moa species are known to have lived in the area (McGlone et al, 2003). 

Fires occurred naturally in southern forests, but pollen records and other evidence shows a significant 

increase in fires around 800-600 years ago after Māori settlement. Further deforestation occurred after 

the arrival of European colonists due to farming and forestry, although in the case of the Upper Clutha 

this seems to have had a relatively modest effect on overall forest cover (see Section 2.2). Exotic species 

introduced by Māori and, to a greater extent, Europeans significantly reduced native bird populations, 

and in many areas displaced them with an entirely exotic fauna (McGlone et al, 2003). 

Less information is available on the aquatic ecology of the area, though eels are known to have been 

abundant from Māori oral history (see Section 2.2). Additionally, Kelly and McDowall (2004) observe that 

“there were once … enough kōaro on Lake Wānaka to support a small ‘lake whitebait’ fishery in the 
Matukituki River”. They note that it is unlikely such a fishery could be supported at the time they were 

writing, and that whitebait fishing in Lake Wānaka was prohibited many years before as “whitebait were 

considered more important for feeding trout than for feeding humans”. 

In terms of surface water ecology, as noted above, there are some concerns around ecological variables 

reported in ORC’s surface water quality monitoring report discussed in the previous section. Earlier ORC 

water quality monitoring reports (ORC, 2007 and Ozanne, 2012) also include information on ecological 

variables which is in some cases more detailed, though for a limited number of sites. The variables 

monitored were: 

• The macroinvertebrate community index (MCI), a measure of the sensitivity of 

macroinvertebrates to pollution. The numerical values were converted by ORC to a four-level 

qualitative rating shown in Figure 5.1 of ORC (2007): very good > good > fair > poor. 

• The EPT species index, a measure of the population of mayflies (E = ephemeroptera), stoneflies 

(P = plecoptera) and caddisflies (T = trichoptera) (which are some of the most sensitive species 

to pollution) as a percentage of the total number of species found at a site. Note that the EPT % 

was not stated in ORC’s 2012 report, but was estimated from data in Appendix 9 of that report. 
The EPT % values are also converted to a qualitative rating (see Figure 5.3 of ORC, 2007), with 

the following grades: very high > high > moderate > low > very low.   

• Taxa richness, the total number of species collected at a sampling site. This is also reported as 

a qualitative rating with the same grades as for EPT %, as shown in Figure 5.4 of ORC (2007). 

Note that the reporting of these attributes has also changed between the three reports. Summary values 

based on the qualitative scales used in the ORC (2007) reports are used for simplicity and consistency, 

although these were not always stated in the later reports and had to be calculated from the raw results 

in some cases.  
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Table 5: Summary of ORC ecosystem health indicators. 

Site 2001-2006 (ORC, 2007) 2006-2011 (Ozanne, 2012) 2008-17 (Uytendaal and 

Ozanne, 2018) 

MCI EPT % Taxa 

rich-

ness 

MCI EPT % Taxa 

rich-ness 

MCI EPT % Taxa 

rich-ness 

Cardrona 

River at Mt 

Barker 

good high low good mod mod good mod-

high 

mod-

high 

Luggate 

Creek at 

SH6 Bridge 

good very 

high 

mod good mod mod good mod-

high 

mod-

high 

Clutha 

River at 

Luggate 

Bridge 

NR NR NR NR NR NR poor very low mod 

* ‘mod’ = moderate, ‘NR’ = not reported 

Regarding the ‘poor’ MCI score for the Clutha monitoring site, Uytendaal and Ozanne (2018) state that 

“MCI is not well suited to large rivers so for Clutha River at Luggate Bridge, the ‘poor’ MCI value may be 

driven more by habitat constraints and the ability to sample macroinvertebrates from riffles that are 

present in the middle of the river and better representative of the wider river condition.” 

Overall, the ecological indicators present a less favourable view of water quality in the Upper Clutha 

than the physico-chemical water quality data presented in Section 2.7, though with considerably less 

data. This is consistent with other Otago sites. Ozanne (2012) notes that there is little correlation at a 

regional level between physico-chemical water quality parameters (represented by the WQI) and 

ecosystem health measures (represented by MCI). The Council’s interpretation of this observation was 

that it “suggests that other factors such as habitat quality are more strongly influencing the instream 
macroinvertebrate community than water quality” at a regional scale (Ozanne, 2012).  

Olsen (2019) carried out an ecological assessment for the Queenstown Lakes District (including the 

Upper Clutha) to support a QLDC consent application. In summary, their findings were that: 

• The Upper Clutha/Mata-Au provides habitat for longfin eel, kōaro, common bully and upland 

bully, of which longfin eel and kōaro are classified as “At risk – declining”. Introduced species 
are also present including brown and rainbow trout and quinnat salmon. The river is also 

recognised as a nationally significant trout fishery. 

• Kōaro, longfin eel, common bully, brown trout and rainbow trout have all been identified in the 
Hāwea River. The Hāwea River is also considered to be a trout spawning site but is impacted by 

didymo.  

• The Cardrona River contains brown and rainbow trout, as well as the following native species: 

longfin eels, kōaro, upland bullies and Clutha flathead galaxias (Galaxias sp. D). The latter 
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species is regarded as national critical and is found mostly in trout-free tributaries. The Cardrona 

is recognised as a locally significant fishery.  

• Brown trout, rainbow trout and kōaro are the only fish species known to be present in Luggate 

Creek. However, the Creek is not known to be used for angling.  

Another ecological issue in the catchment is invasive species. Dwyer (2017) undertook a dissertation to 

identify the implementation gaps that influence the biodiversity framework within New Zealand, with 

lake snow within Lake Wānaka used as a key case study. Lake snow was first reported in Lake Wānaka 
in 2003, by the fouling of a fisherman’s line. University of Otago scientist Dr Marc Schallenberg raised 
concerns with ORC five years later, once he and a PhD student collected water samples and identified 

the algae. By 2016, lake snow had spread to Lake Hāwea, as well as the nearby Lake W(h)akatipu  

such as didymo. These are discussed in Section 4.3. 

Allibone (2019) carried out analysis of habitat availability at different flow levels (five scenarios between 

300 to 1150 L/s) in the Cardrona River. In summary, he found that: 

• Habitat available for both desirable and undesirable algae generally decreased with decreasing 

flow. However, long green filamentous algal (undesirable) can benefit from lower flow velocities 

and this could result in periphyton guidelines being exceeded at low flows.  

• Macroinvertebrate and trout habitat reduce noticeably with reducing flow. 

• Native fish habitat is less sensitive to flows, but habitat availability does reduce at the lowest 

flow regime analysed, 300 L/s. 

Following the urban stormwater workshop mentioned above, WAI Wānaka commissioned ecological 
research, which was carried out by Melanie Vermeulen (2020) and is also available in a summarised form 

(Rabel, 2021b). The research included testing of 20 sites across Stoney Creek, Bullock Creek, and a water 

body known as the Water Race Drain (see Figure 16), and comparison of stream health measures with 

land use type and residential density. In summary, the results showed: 

• Dissolved oxygen concentrations were generally very high (which is good), while conductivity 

(which can be indicative of water contamination) was also high in the Stoney Creek and Water 

Race Drain sites. 

• Heavy metals and polycyclic aromatic hydrocarbons (PAHs) were generally below sediment 

quality guidelines. The exception was arsenic, which may be due to naturally occurring arsenic 

in the area. 

• Suspended sediment generally exceeded the relevant guidelines for Stoney Creek and the 

Water Race Drain, but not in Bullock Creek. 

• Ecological variables monitored (macroinvertebrate community metrics and native fish habitat) 

were variable, but generally indicated some cause for concern, particularly in Stoney Creek and 

the Water Race Drain. Some kōaro were identified in the lower reaches of Bullock Creek in an 

April 2019 survey (coinciding with peak kōaro spawning season). 

https://www.orc.govt.nz/media/9687/cardrona-scenarios-habitat-availability.pdf
https://waiwanaka.nz/wp-content/uploads/2020/09/4922-Wanaka-Urban-Streams-FINAL-18-6-20.pdf
https://waiwanaka.nz/wp-content/uploads/2021/05/Summary-of-M.-Vermeulens-work.pdf
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Figure 16: Vermeulen (2020) sampling sites. Extract from Figure 1 of that report. 

 

Hall (2020) completed an ecology thesis on macroinvertebrate communities in near stormwater outlets 

in Lake Wānaka. Five sub-families of the Chironomidae family of freshwater insects, with one of the five 

(Orthocladiinae) found to be significantly less abundant in areas impacted by stormwater discharges.  

https://ourarchive.otago.ac.nz/handle/10523/12120
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NIWA’s (2022) LakeSPI (submerged plant indicators) programme carried out sampling in Lakes Hāwea 
and Wānaka in 2020. Both lakes were considered to be in excellent condition, with the LakeSPI score 

and the native condition around 80% for both lakes. However, there was some evidence of a declining 

trend in relation to previous readings (beginning in the 1980s), particularly for the invasive impact rating, 

and more so for Lake Wānaka than Lake Hāwea.  

Finally, there have been various studies into native fish which are only partially relevant (usually due to 

covering a wide range of sites), but warrant a brief mention: 

• Augspurger et al (2021) investigated populations of a galaxiid species (Galaxias brevipinnis) in 

various waterways including Lake Wānaka, finding (among other things) that “lakes foster 
divergence of lake-developing populations from each other and from coastal stream 

populations”  

• Ingram et al (2020) investigated potential genetic, morphological or ecological differentiation 

with depth in lake populations of the common bully (Gobiomorphus cotidianus), finding 

evidence that “individual bullies associate with shallower or deeper habitats within their 
lifetimes”, but with no evidence found of genetic differentiation within lakes. Both Lakes Wānaka 
and Hāwea were included in this study.  

• Schallenberg et al (2021) studied picocyanobacterial communities in lakes, finding noticeable 

spatial variability in Lake Wānaka.  

 

 Freshwater values 

 Tangata whenua values 

The significance of the Mata-Au to local Māori is expressed well in the Ngāi Tahu Claims Settlement Act, 
(1998, Schedule 40): 

The mauri [life force, or vital essence] of Mata-au represents the essence that binds the 

physical and spiritual elements of all things together, generating and upholding all life. 

All elements of the natural environment possess a life force, and all forms of life are 

related. Mauri is a critical element of the spiritual relationship of Ngāi Tahu Whānui with 
the river. 

Aukaha (the organisation representing the Ngāi Tahu/Kai Tahu iwi in Otago Region) prepared a Cultural 

Values Statement for an application by QLDC relating to wastewater discharges (Hale, 2019). This 

includes useful information on tangata whenua values associated with various Upper Clutha waterways. 

The key information provided by Aukaha in this report is summarised below: 

• Aside from being of great environmental significance in its own right, the Clutha/Mata-Au is 

also culturally significant due to being the site of many stories involving tipua (mystical beings), 

as well as a pre-European transport route. There are also four nohoanga/nohoaka (traditional 

camping areas) on the Mata-Au, although none are within the Upper Clutha area. 

• The Hāwea River marks the start of a traditional transport route through to the West Coast and 

is also close to several nohoaka. 

https://lakespi.niwa.co.nz/
https://www.authorea.com/doi/full/10.22541/au.162283809.92616181
https://cdnsciencepub.com/doi/abs/10.1139/cjfas-2020-0015
https://academic.oup.com/femsec/article-abstract/97/7/fiab075/6294907#no-access-message
https://www.legislation.govt.nz/act/public/1998/0097/latest/DLM430873.html
https://www.legislation.govt.nz/act/public/1998/0097/latest/DLM430873.html
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• There were numerous historical settlements in the Lake Hāwea area, which was well regarded 

as a food-gathering location (particularly for eels/tuna and weka). There are also presently three 

nohoaka around the lake shore. 

• Similar to Lake Hāwea, the area around Lake Wānaka and Bullock Creek was the site of several 

historical settlements and important food-gathering areas, as well as having several current 

nohoaka sites.  

• There is relatively little evidence of Māori settlement in the Luggate Creek catchment, although 

there are reports of a pā near the mouth.  

Kleinlangevesloo and Clucas (2017) carried out an assessment of cultural values specifically for the 

Cardrona catchment (and also for the Arrow catchment, outside the area of interest. For the Cardrona, 

they note that “whānau want to see tuna (longfin eel) re-established, and are particularly concerned 

about the wellbeing of the Upper Clutha non-migratory galaxids.” Concerns were also expressed about 
weeds in the lower reaches of the Cardrona, and there was a desire to see more natives planted. 

 

 Upper Clutha community values 

A survey was carried out in March and April 2019. The results have been reported previously (Muller, 

2019), but selected key results are repeated here. 

Most survey respondents generally believed that water quality in the Upper Clutha is “good” or “very 
good”, but declining.  

 

Figure 17: Individual survey respondents perception of overall water quality in the Upper Clutha. 

Excludes "not sure" - 8 responses. 

 

https://www.orc.govt.nz/media/9682/cultural-value-report-arrow-and-cardrona.pdf
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Figure 18: Individual survey respondents' perception of change in Upper Clutha Water quality 

over time. Excludes "not sure" - 19 responses. 

Survey respondents were also asked about their values and concerns in relation to fresh water in the 

Upper Clutha. They ranked the options provided as shown in the following figures. Consistent with the 

results of the above two questions, the results show that Upper Clutha residents and visitors placed a 

high value on local waterways for a range of reasons, but also had significant concerns about future 

water quality. The primary concerns raised related to primary industry impacts, invasive species, and 

urban development issues.  
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Figure 19: Individual survey respondents' level of concern about various potential water quality 

problems. Excludes 1-6 non-responses per problem. 
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Figure 20: The importance of various water quality values to individual survey respondents. 

Excludes non-responses (0-4 per value). 

 ORC Water Plan values 

In addition to the information above, note that Schedule 1 of ORC’s Regional Plan: Water for Otago 

contains an extensive list of community values associated with freshwater in Otago including the Upper 

Clutha. This includes ecological and land use values, as well as water supply sources, registered historic 

places, and Kāi Tahu values.  

 POLICY AND PLAN DIRECTION 

 Resource Management Act 1991 and National Direction 

Management of water resources in New Zealand is ultimately guided by the Resource Management Act 

1991 (RMA). This is the principal resource management legislation in New Zealand with the purpose of 

sustainable management of natural and physical resources including land, air and water. 

The RMA provides for national policy statements and national environmental standards to be developed 

for matters of national significance. Freshwater management is one such matter that has been 

addressed at a national level to provide direction on how local authorities should carry out their 

responsibilities under the RMA.  
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The First Edition of this literature review was published during the public consultation period for the 

revised NPS-FM (2020) and associated National Environmental Standards (NES) and stock exclusion 

regulations that made up the New Zealand Government’s Action for Healthy Waterways package. 

Regional Councils are also required to develop plans for integrated management of natural resources 

and physical resources and are responsible for making decisions about discharges of contaminants, to 

land, air or water, water quality and quantity.   

Reform of the RMA has been signalled by the current Government, and it is expected that following the 

RMA review completed in 2020, the current RMA will be repealed and replaced. 

The Ministry for the Environment, and Minister David Parker have confirmed the replacement will 

include three new Acts: 

1. Natural and Built Environments Act (NBA) to provide for land use and environmental regulation 

(this would be the primary replacement for the RMA); 

2. Strategic Planning Act (SPA) to integrate with other legislation relevant to development, and 

require long-term regional spatial strategies; and 

3. Climate Change Adaptation Act (CAA) to address complex issues associated with managed 

retreat and funding and financing adaptation. 

Other key changes include direction on there being one single combined plan for each regulatory region 

across New Zealand, rather than the multiple policy and planning documents that currently exist. This 

means that further regional plan development can be expected beyond implementation of the three 

new Acts. 

The Government released their “Action for Healthy Waters” direction in September 2019 and included 

a proposed update to the then 2014 (amended 2017) NPS-FM, a new proposed NESF, and proposed 

new Stock Exclusion Regulations. Regional plans, such as the Otago Regional Council’s (ORC) Regional 

Plan: Water for Otago need to give effect to the NPS-FM and the Government has given direction to 

regional councils on the timeframe for implementation. Plan Change 6A was implemented in 2014 by 

the ORC and includes matters related to those covered in the NPS-FM and NESF, but there are some 

inconsistencies that will require review by the ORC. Therefore, to accommodate this review, timeframes 

for Plan Change 6A have been extended via Plan Change 6AA which pushes out the timeframes for 

water quality rules to 2026. In this time, a new water and land plan will be notified by the ORC and this 

plan will be consistent with the NPS-FM and NESF. The ORC’s review of the Regional Plan: Water for 
Otago is outlined below. 

The implementation and plan change process that the ORC will have to follow to give effect to the 

amendments to the NPS-FM is likely to take some time as it will follow the standard public submission, 

further submission, and hearing process. Furthermore, the ORC is undergoing a complete review of their 

Regional Plan: Water for Otago on direction from the Minister for Environment that was signalled in 

2019, and this will also add time to ORC’s standard processes as they work through the notification of 

a plan change. Therefore, due to the time constraints on preparing a fully NPS-FM compliant regional 

planning framework, the government as part of the “Action for Healthy Waters” package proposed 

interim measures under the NESF. The NESF came into force in September 2020 and controls the 

impacts of land use activities until such time as regional councils can fully implement NPS-FM changes.  

The implementation of the NESF means that some activities that have not required resource consent 

under the previous regional plan framework will require a resource consent under the proposed NESF, 



 52 

for example, intensive winter grazing. Other measures will cover the requirement for fencing of 

waterways and seek to control the change of land use. These matters are further explored below. 

 National Policy Statement for Freshwater Management 

The NPS-FM was introduced in 2011, updated and replaced in 2014, and amended in 2017. A new NPS-

FM came into force on 3 September and replaces the NPS-FM 2014 (amended 2017). 

The NPS-FM 2020 is issued by government and directs local government about how to carry out their 

responsibilities under the RMA 1991 when it comes to matters of national significance.  

As in the previous NPS-FM 2014, the new NPS-FM (2020) sets out central government’s objectives for 
freshwater management. This includes mandatory minimum freshwater standards and a requirement to 

maintain or improve water quality. 

The fundamental concept underpinning the NPS-FM (2020) is Te Mana o te Wai, recognising the 

fundamental importance of water and the health of water in protecting the health and well-being of the 

wider environment.  Within the context of the NPS-FM this encompasses six principles relating to the 

roles of tangata whenua and New Zealand in the management of freshwater and the implementation 

of the NPS-FM. 

These principles are set out in Part 1 of the NPSFM at 1.3(4)) as: 

“(a) Mana whakahaere: the power, authority, and obligations of tangata whenua to make 

decisions that maintain, protect, and sustain the health and well-being of, and their relationship 

with, freshwater  

(b) Kaitiakitanga: the obligation of tangata whenua to preserve, restore, enhance, and 

sustainably use freshwater for the benefit of present and future generations  

(c) Manaakitanga: the process by which tangata whenua show respect, generosity, and care for 

freshwater and for others  

(d) Governance: the responsibility of those with authority for making decisions about freshwater 

to do so in a way that prioritises the health and well-being of freshwater now and into the future  

(e) Stewardship: the obligation of all New Zealanders to manage freshwater in a way that 

ensures it sustains present and future generations  

(f) Care and respect: the responsibility of all New Zealanders to care for freshwater in providing 

for the health of the nation.” 

 

The NPS-FM (2020) also sets out (at 1.3(5) and at Objective 2.1) a hierarchy of obligations and an 

objective for Te Mana o Te Wai that prioritises: 

“(a) first, the health and well-being of water bodies and freshwater ecosystems  

(b) second, the health needs of people (such as drinking water)  

(c) third, the ability of people and communities to provide for their social, economic, and cultural 

well-being, now and in the future.” 

Policies for freshwater management to achieve Te Mana o Te Wai and Objective 2.1 are listed in Part 2 

of the NPS-FM at Section 2.2.  
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The Action for Healthy Waterways package and the focus on Te Mana o Te Wai has shaped the 

development of the CCP. The CCP recognises Te Mana o Te Wai and has ensured that the CCP 

incorporates objectives that work towards the protection of the mauri of the water and requires that Te 

Hauora o te Taiao (the health of the environment), Te Hauora o te Wai (the health of the water bodies), 

and Te Hauora o te Tangata (the health of the people) are all provided for.  

 Resource Management (National Environmental Standards for Freshwater) 

Regulations 2020 

The NESF regulates activities that pose risk to the health of freshwater and freshwater ecosystems. The 

NESF come into force on 3 September 2020, although clauses relating to intensive winter grazing, 

stocking holding areas other than feedlots and the application of synthetic nitrogen fertiliser to pastoral 

land come into force in mid-2021, with some now deferred further to mid-2022.   

The NESF imposes significant new controls on further agricultural intensification until the end of 2024, 

until regional councils can give effect to changes under the NPSFM. This applies to: 

• conversion of farmland to dairy by more than 10ha; 

• increase in irrigated pasture for dairy of more than 10ha;  

• conversion of more than 10ha from plantation forestry to dairy farming; and  

• increase dairy support activities above the highest annual amount in the previous five years.  

The NESF sets minimum requirements for feedlots and other stockholding areas and these policies take 

effect from July 2021.  

Under the NESF, a requirement for resource consent for intensive winter grazing (IWG) of forage crops 

will take legal effect from May 2022, however consultation has recently closed on a recommendation 

by MfE to amend this timeframe to 1 November 2022. A resource consent will be required under the 

NESF if the maximum area for IWG is greater than 50 ha or 10% of the area of the farm, whichever is 

greater, and no greater than the area that existed during 2014 – 2019. These requirements will be in 

force until 1 January 2025 when it is expected that regional plans will have been publicly notified that 

give effect to the NPSFM 2020. 

Further controls on IWG activities includes controls on the slope of land where IWG occurs, pugging, 

and buffers between crops and waterways. The current regulations as well as MfE recommendations to 

amend these are: 

• The mean slope of the paddock is 10 degrees or less – recommendations to amend this to a 

maximum slope rather than mean. 

• Pugging is no deeper than 20cm at any one point and pugging of any depth must cover less 

than 50% of the paddock. 

• Buffers between crops and waterways are 5m or more. 

The NESF limits the discharge of synthetic nitrogen fertiliser to pastoral land to no more than 190kg per 

hectare per year and will require reporting of fertiliser use that is to take effect from July 2021.  

Part 3 of the NESF, Subpart 1 sets out regulations to manage activities in and around natural wetlands.  

Natural wetlands do not include wetlands constructed by artificial means; or areas of improved pasture 

dominated by introduced pasture species and subject to temporary rain derived water pooling.  The 

controls are limited to vegetation clearance, earthworks, drainage or taking, damming or diverting water 
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in or around natural wetlands except in certain circumstances, for example, for science research or 

restoration. Some of these matters will also be addressed at an Otago specific scale through ORC’s 
Proposed Plan Change 8.  

The NESF includes requirements to manage instream structures to deal with the effects of fish 
passage, and the relevant clause only applies to new structures. 
 

 Resource Management (Stock Exclusion) Regulations 2020 

As part of the freshwater package, Stock Exclusion Regulations have been introduced. The regulations 

apply only to waterways that are greater than 1 m wide, and the level of regulation will depend on the 

slope of the surrounding land, i.e., low-slope or non-low slope. Fencing of waterbodies will apply to 

dairy, beef cattle, pigs, and dairy only, and not sheep; setbacks will have a required width of 5 metres 

on all waterways greater than 1 metre wide.  

These regulations will have effect from 2023. However, for waterbodies and rivers greater than 1 m wide 

that are already fenced but not compliant with the proposed regulation (setback of 5m), these can 

remain in place until 2025, unless the average width of existing setback is 2 m for entire length and no 

less than 1 m at any point, in which case the fencing regulations will not apply until 2035. 

The Stock Exclusion Regulations apply to anyone who owns or controls cattle, deer, or pigs (stock). 

Under these regulations: 

• All stock must be excluded from natural wetlands that are identified in a regional or district 

plan from 1 July 2023. 

• All stock must be excluded from natural wetlands (not identified in a regional or district 

plan) that contain threatened species or are on low slope land from 1 July 2025.   

• Dairy and dairy support cattle, and pigs must be excluded from water bodies. Dairy cattle 

and pigs in a new pastoral system must be excluded from the 3 September 2020.  All other 

dairy cattle and pigs must be excluded from 1 July 2023. 

• Beef cattle and deer must be excluded from water bodies (over a metre wide) whatever the 

terrain if they are break feeding, grazing annual forage crops, or irrigated pasture, by 1 July 

2023. Otherwise, these Regulations apply to beef cattle and deer and water bodies over a 

metre wide only on mapped low slope land from 1 July 2025. 

• Stock must be excluded from the beds of lakes, rivers, and wetlands, and must not be on 

land closer than three metres to the bed of rivers and lakes. However, stock do not need to 

be excluded from land within three metres of the bed if there is a permanent fence already 

in place. 

• Stock (except deer) have to cross a river or lake by using a dedicated bridge or culvert 

unless they cross no more than twice in any month. There are specific circumstances when 

cattle and pigs can cross without a dedicated culvert or bridge. 

These regulations do not apply to sheep. 

 
 Regional Policy Statement for Otago 

As part of the review of the Otago Planning Framework, Minister for the Environment David Parker 

directed that the ORC prepares and notifies a new RPS. The RPS was notified on 26 June 2021. The RPS 
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will set the overarching timeframes for implementation of the NPSFM in Otago via a new land and water 

plan for each FMU within Otago.  

ORC consulted communities around the region in October and November 2020 to help develop 

Freshwater Visions for each FMU in Otago. Developing community-driven freshwater visions is a 

requirement of the NPS-FM. The RPS will set the values and expectations of each FMU and is a high-

level policy framework for the sustainable integrated management of resources, identifying regionally 

significant issues, the objectives and policies that direct how natural and physical resources are to be 

managed and setting out how this will be implemented by the region’s local authorities. 

This document is relevant to the CCP as the RPS sets values, and vision for the Clutha FMU and Upper 

Lakes Rohe, which the CCP will need to reflect in future, and/or will support the implementation of the 

CCP objectives and actions within the notified RPS. 

At this stage, submissions and further submissions on the RPS have been received by ORC, with hearings 

set to get underway in September 2022. The RPS includes a wide-ranging set of provisions that address 

integrated management, air, coastal environment, land and freshwater, ecosystems and indigenous 

biodiversity, energy, infrastructure and transport, hazards and risks, historical and cultural values, natural 

features and landscapes and urban form and development. The current draft provision that sets out the 

Clutha Mata-au FMU vision is LF-VM-O2.  

“In the Clutha Mata-au FMU:  

1) management of the FMU recognises that:  

a. the Clutha Mata-au is a single connected system ki uta ki tai, and 

b. the source of the wai is pure, coming directly from Tawhirimatea to the top of the 

mauka and into the awa,  

2) fresh water is managed in accordance with the LF–WAI objectives and policies,  

3) the ongoing relationship of Kāi Tahu with wāhi tūpuna is sustained,  
4) water bodies support thriving mahika kai and Kāi Tahu whānui have access to mahika kai, 
5) indigenous species migrate easily and as naturally as possible along and within the river 

system, 

6) the national significance of the Clutha hydro-electricity generation scheme is recognised, 

7) in addition to (1) to (6) above: 

a. in the Upper Lakes rohe, the high quality waters of the lakes and their tributaries are 

protected, recognising the significance of the purity of these waters to Kāi Tahu and 
to the wider community, 

…. 
8) the outcomes sought in (7) are to be achieved within the following timeframes: 

a. by 2030 in the Upper Lakes rohe, 

….” 

 
 Regional Plan: Water for Otago 

The Regional Plan: Water for Otago (the Water Plan), which drives water management in Otago was 

publicly notified in 1998 and made fully operative in 2004. Since then, there have been a number of 

plan changes that have incorporated catchment-specific provisions for quantity and region wide water 

quality rules. ORC addressed surface water allocation and limits through Plan Change 1C (Water 

Allocation and Use) to the Water Plan, which was notified in 2008. Plan Change 4A (Groundwater and 
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North Otago Volcanic Aquifer was notified in 2010 to add provisions for managing groundwater quality 

and quantity. Both plan changes became operative in 2012. Plan Change 6A (Water Quality) sought to 

maintain or improve water quality, through control of contaminants discharging from rural land to 

water. This plan change was notified in 2012 and became operative in 2014. It aimed to control 

discharges from activities, not the activities themselves and took an effects based, permitted activity 

approach to managing water contaminants that are considered to have minor effects on the quality of 

a river, lake, wetland or aquifer. However, a recent plan change pushed out the dates for compliance 

with the key rules relating to rural discharges to 2026 to allow time for ORC to review the wider Water 

Plan for the region and incorporate changes from the updated NPSFM and NES.  

 

There is a large gap at present in respect of urban water quality, and how stormwater is managed within 

the current Water Plan. The majority of the urban stormwater discharges currently happening in the 

Upper Clutha are considered to be permitted activities which has led to very little control over where 

and how the discharges are occurring and a lack of useful monitoring data regarding the quality of 

these discharges. 

The ORC has committed to a full review of the Water Plan by 2025 in order to implement the NPS-FM 

and create a tailored approach to water management. In the meantime, Plan Change 7 and Plan Change 

8 (part of the Omnibus Plan Change that includes Plan Change 1) have been notified, and a decision 

released on both of these. 

Plan Change 7, the Water Permits Plan Change, now adds objectives, policies, and rules to the current 

Regional Plan: Water or Otago to manage the replacement of expiring deemed permits and water 

permits. 

Plan Change 8 strengthens rules relating to on farm effluent management, clarifying rules relating to 

discharges and those relating to nitrogen leaching rates.  

 Plan Change 7 

A final decision was released on Plan Change 7 (PC7) in November 2021. PC7 provides a mechanism for 

the ORC to only issue short term replacement consents for the large number of water permits expiring 

between 2020 and 2025, and the deemed permits that expired on 1 October 2021. The intent of this is 

to ensure that the majority of water permits are brought in line with the new land and water plan soon 

after the new plan has been made operative. The key long-term outcome will be to achieve NPS-FM 

compliant outcomes that will be outlined in that new regional planning framework, that includes the 

new RPS. However in the meantime, consents will effectively be rolled over under their current 

conditions but tied to historic irrigation areas, rates and volumes of take. 

 Plan Change 8 

Plan Change 8 (PC8) brings Otago into line with other jurisdictions in New Zealand with respect to 

effluent management and discharge requirements to ensure best practice when it comes to the storage 

and discharge of effluent (animal waste), with a specific emphasis on the management of dairy shed 

effluent, its storage and discharge to land. It also includes a number of rules and policies relating to 

minimum standards and good management practices for farming activities. PC8 also includes provisions 

related to the discharge of sediment associated with subdivision and residential development. 
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The ORC has introduced new sections to the Regional Plan: Water for Otago (RPW) relating to good 

farming practices through PC8. This includes new policies, which requires farming activities to reduce 

adverse environmental effects, through the implementation of good management practices, as well as 

managing stock access to water bodies, through fencing. There is new policy that sets minimum 

standards for intensive grazing, as well as limiting areas and duration of exposed soils and identification 

and management of critical source areas.  

 

A collaborative process between WAI Wānaka and ORC through the development of the new Land and 

Water Plan will continue to ensure that the outcomes from the CCP can influence the review process for 

the relevant rohe as much as possible. The CCP will include evaluation of whether some of the existing 

objectives and policies framework are still suitable to be retained and what needs to be enhanced in 

order to achieve both NPSFM objectives and the community’s goals for the catchment. 

 Queenstown Lakes District Plan 

Whilst the functions of the District Plan (as required in Section 31 of the RMA), do not extend specifically 

to management of water quality, there are several controls that benefit water quality in the catchment. 

These include controls on the use of land (e.g. subdivision and earthworks) and managing adverse 

effects of human activities on the environment, protecting significant values in the natural environment 

(e.g. maintaining areas of outstanding landscape value and significant native vegetation), and making 

provision for activities that enable people to meet their needs as well as the needs of future generations 

(e.g. controlling the boundaries of urban development and maintaining rural land for rural purposes). 
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Figure 21: Map of Freshwater Management Units and Rohe (ORC, 2019b) 

 Other relevant guidance 

 Lake Wānaka Preservation Act 1973 

The Lake Wānaka Preservation Act 1973 (LWPA) is relevant the management of water quality and 

quantity in Lake Wānaka. The purpose of the LWPA include preventing damming of the lake, 

maintaining the natural flow between the lake outlet and the Cardrona River confluence, preserving the 

lake water levels and shoreline in their natural state and maintaining and improving the quality of water 

in the lake. 

The LWPA provides for the Guardians of Lake Wānaka to be established in order to provide guidance 

to the Minister of Conservation on matters that may affect the purpose of the Act.  
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 Conservation Act 1987 

A significant proportion of the Upper Clutha catchment is held as conservation estate. The Conservation 

Act includes directions for management of crown-owned land managed by the Department of 

Conservation. As directed by the Act, a Conservation Management Strategy and Plan can be prepared, 

the purpose of which is to implement conservation management strategies and establish detailed 

objectives for the integrated management of natural and historic resources, and for recreation, tourism 

and other conservation purposes.  

The Otago Conservation Management Strategy is a high-level document with a focus on protecting 

landscapes, ecosystems and species across the region. The policies in this document provide direction 

on such things as vehicle access, biosecurity, animals, grazing, mining, and recreation for example, 

however there is no clear guidance on overall water quality management. 

The Mt Aspiring National Park Management Plan recognises that there are risks arising from increasing 

use at some sites, development pressure, and threats from plant and animal pests. It also recognises 

that climate change may have an impact on indigenous plants and animals, and public use, may pose 

future challenges. The Plan outlines that the key purpose of the park is to preserve indigenous plants, 

animals and natural features, and where consistent with preserving these values, for public use and 

enjoyment. 

 Catchment scale management examples 

Integrated catchment management approaches have been used for water management in other regions 

in New Zealand.  A brief summary of these is included below: 

• Hawkes Bay Regional Council have been following a traditional regulatory planning process 

approach in respect of freshwater management in the region. Changes were made to the 

Regional Policy Statement focusing on land use and freshwater management. As part of this 

process for three catchment areas - Heretaunga / Ahuriri, Mohaka and Tukituki, primary values 

and uses were proposed that are to be given more emphasis than secondary values and uses. 

These three catchments need to balance water quality with other economic land uses such as 

forestry and farming. Plan changes have been developed for these catchments for the 

regulatory side. The Council have recently employed a Hawke's Bay Regional Council Chair in 

Integrated Catchments looking at catchment scale management of land and water in a full time 

role with a focus on community engagement to build on the community input and 

education/awareness side of catchment management.  

• Wellington Regional Council have begun their Whaitua committee process. So far three of the 

five Whaitua committes have been established with Implementation Programmes having been 

developed for both Ruamāhanga Whaitua and Te Awarua-o-Porirua Whaitua. These 

Implementation Programmes describe the way the community wants to manage their water 

into the future. It includes recommendations on managing contaminants, water allocation and 

river management, and sets freshwater objectives and limits for smaller subcatchments and 

waterbodies within the catchment. 

• Environment Canterbury have established 10 water management zones to implement the 

targets of the Canterbury Water Management Strategy. Within each zone a committee has 

overseen the development of a Zone Implementation Plan (ZIPs) to protect and improve the 

quality of streams, rivers, lakes, estuaries and groundwater throughout Canterbury. These plans 

provide community outcomes for the zone, as well as specific recommendations or actions that 
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need to be implemented in order to achieve those outcomes. The majority of the 

recommendations in the ZIPs have been adopted into Regional Plans for each zone setting out 

objectives, policies and rules for water quantity and quality. 

• The Motueka River catchment was the subject of an Integrated Catchment Management 

research programme. It was an 11 year programme which commenced in July 2000 and 

concluded in September 2011, and whose goal was to conduct multi-disciplinary, multi-

stakeholder research to provide information and knowledge that would improve the 

management of land, freshwater, and near-coastal environments in catchments with multiple, 

interacting, and potentially conflicting land uses. The 5 key points this programme addressed 

were: 

o Allocation of scarce water resources among competing land & instream uses 

o Managing land uses in harmony with freshwater resources 

o Managing land and freshwater resources to protect and manage marine resources 

o Integrative tools and processes for managing cumulative effects 

o Building human capital and facilitating community action. 

 

 RISKS TO CATCHMENT 

 Pressure – State – Impact Framework 

The Pressure-State-Impact (PSI) framework has been adopted for this review as it gives a good structure 

on which to describe what is happening within the study catchment.  The Ministry for the Environment 

(MfE) and Statistics New Zealand both use the PSI framework for environmental reporting.  The PSI 

framework gives more information on human activities and environmental effects than simply reporting 

on current state of the environment alone (Larned et al., 2018).  MfE commissioned NIWA to produce 

the report “Land-use impacts on freshwater and marine environments in New Zealand” that was 
released in June 2018 (authored by Larned et al., 2018).  This report for MfE provides a national level 

analysis of the research that has been completed in the New Zealand freshwater and marine context 

with regard to the relationships between land use pressures that influence changes in environmental 

state, and that in turn, have impacts on ecological, social, cultural and economic values (Larned et al., 

2018).  Larned et al. (2018) identified three major classes of pressure variables that are at play in PSI 

relationships: land cover, land classes, and land management practices.  For this review we have also 

included some additional pressure variables such as climate change, population growth, and tourism 

growth that were not included in their study. 

This review uses this same basic PSI framework as the NIWA study but with a focus on the Upper Clutha 

catchment area rather than at a national level.  In order to get a logical structure for this review 

discussion has been grouped based on splitting the Upper Clutha Catchment into sub-areas with 

geographically similar characteristics: 

• High country in the upper catchment above the main lakes; 
• Lakes Wānaka and Hāwea; 

• Other significant rivers not directly feeding the lakes (e.g. Cardrona River and Luggate Creek); 
• Wānaka Basin outwash plains including Clutha River, Hāwea River and the underlying aquifers. 

Within each of these geographic sub-areas exist one or more types of receiving environments: soils, 

rivers, lakes, urban streams, and aquifers (as discussed by Larned et al. (2018) with the addition of a soils 

class).  All these environments are intrinsically linked and where applicable these linkages have been 

discussed.  Larned et al. (2018) comment that there are few studies that cover the combined impacts of 
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multiple pressures on the state but rather most are looking at bivariate relationships between pressure 

and state, or state and impact. 

 High Country in the Upper Catchment Above the Lakes 

In the upper catchments of the study area there is limited regular monitoring of water quality with the 

Matukituki River at West Wānaka site being the only one until ORC added some more sites in 2018 

(Figure 13).  This site, which is at the bottom of the Matukituki River catchment just before it flows into 

Lake Wānaka, generally has excellent water quality, though with limited data on biological water quality. 

According to data presented on LAWA the results from this site sit in the top 25% or better of like sites 

in New Zealand for most measured parameters, with clarity and turbidity being the exceptions. Both 

Ozanne (2020) and LAWA report degrading trends for some variables and improving trends for others.  

As most of the upper catchments are in conservation land it could be assumed that most environmental 

indicators in those catchments are in pristine, or close to pristine, condition. Post-2018 water quality 

data for Leaping Burn are generally consistent with this assumption, though with somewhat elevated E. 

coli. 

Other upper catchment water bodies such as The Neck Creek, and the Makarora and Timaru Rivers also 

have very good water quality, though with some contaminants (most notably E. coli) sometimes present 

at elevated concentrations.  

 Pressures 

The primary pressures on the upper catchments are related to the type of land use and land 

management practices and how they may change in the future (Figure 22).  Given that most of the 

upper catchment area is held in conservation estate there is only limited scope for land use change 

mainly in the areas of existing agriculture.  This would primarily be in the form of change in farming 

type or farm management practices which can have a large impact on the state of soils and rivers.  

Weaver et al. (2017) studies N, P and dissolved organic carbon concentrations entering Lake Wānaka 

from several upland streams and rivers. They found that agricultural grassland watersheds had higher 

concentrations of N and dissolved organic carbon entering Lake Wānaka than more natural watersheds. 
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Figure 22: General classes of land-use pressures, river state variable and impacts on river 

environments (after Larned et al., 2018). 

Smith et al. (2016) compared nitrogen and phosphorus leaching losses from pasture, winter forage crops 

and native bush in the West Matukituki Valley to better understand the cycling and loss of nutrients 

from sheep and beef farms in high rainfall areas.  Their findings indicate that at this high rainfall location 

nutrient losses are relatively large compared to similar studies in areas of lower rainfall.  Their study 

clearly found that losses of nitrogen and phosphorus from the native bush site were significantly lower 

than losses from the pasture and crop sites.  It is also interesting to note that both N and P 

concentrations from the cropped paddock were extremely high following grazing of the crop, indicating 

the likelihood that excreta were the source of this increase.   

This type of study by Smith et al. (2016) highlights the influence that on farm management practices 

can have on the potential for nutrient losses that may impact surface or groundwater.  Getting access 

to good information regarding what on-farm practices are being used is difficult. This is a potentially 

valuable source of information for improving understanding and modelling of these effects in the future.  

Of high importance is the change in these practices over time as that can greatly influence changes in 

contaminant losses and allow some prediction of what effects that change may have on receiving 

environments in the future.  An example of this change in management practice was given by J. Wallis 

during discussions at the Lake Wanaka Seminar in 2013 (Guardians of Lake Wanaka 2013): 

Using Minaret Station as an example, in 1990 it was carrying around 2000 stock units, and is now 

carrying around 30,000, but in a context of set rather than rotational grazing, and with the 

majority of waterways fenced off. 

Climate change caused by anthropogenic activities is likely to influence the hydrological cycle.  This 

could change the location, magnitude and frequency of rainfall and as such affect the flow regime of 

rivers and streams (MfE, 2018).  Gawith et al. (2012) modelled the effects of change in the weather 

patterns under different climate change projection scenarios on the hydrology of the Matukituki and 

Lindis Rivers.  Their results show that there is likely to be an increase in annual run-off in these 
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catchments and though it is harder to determine month-by-month effects there is a strong indication 

that there will be increases in July-August run-off.  This has the effect of reducing the magnitude of the 

variation in the seasonal cycle for the Matukituki River.  This is consistent with projected increases in 

winter precipitation with a larger proportion falling as rain rather than snow (MfE, 2018).  This change 

in flow regime could change the location and magnitude of inputs of sediment, nutrients and other 

contaminants to the rivers.  Managing and tracking how land use and land management practices adapt 

to these changes will be important information to gather in the future to be able to predict downstream 

influences of these changes. 

 Information Gaps and Monitoring Recommendations 

There are two main areas where more information would be useful to developing a better understanding 

of what is happening in these upper catchment areas.  Firstly, and probably most importantly, is an 

inventory of land management practices, not just land use, along with a way of tracking and monitoring 

changes over time.  Part of this could be a regular run of aerial/satellite imagery that could be 

automatically processed to produce land use classes and analyse factors such as sediment inputs.  

Changes in stocking rates are generally not published or available but clearly have a major role in water 

quality.  We have not located data on changes in stocking rates for upper Clutha catchments, but this 

is clearly an important factor to be followed up.  Also, key to understanding the impacts of these changes 

in practice is a wider programme of monitoring river water quality and habitat in these upper catchment 

areas, as ORC has implemented since 2018.  Knowing what is going on in these relatively pristine upper 

catchments is important as an indicator of background change in the natural environment that may 

influence management elsewhere, particularly as the datasets from the newer sites become long enough 

to enable more robust trend analysis.   

 Lake Wānaka and Lake Hāwea 

In terms of an overall water quality perspective both lakes Wānaka and Hāwea are in excellent condition 

and are classed as being Microtrophic (NIWA 2010; Uytendaal 2017).  Both are also quite stable but 

have exhibited improved water quality over recent years with both moving from an Oligotrophic state 

to their current Microtrophic state since 2015.  The trophic state is measured using the Trophic Level 

Index (TLI3, TLI4) which is calculated from measurements of TN, TP, chlorophyll-a, and in the case of TLI4 

the addition of clarity.  According to Barnes (2002) a water body’s state is largely determined by nutrient 

inputs from the surrounding catchments.  Water Clarity in both lakes is exceptional with Secchi Depth 

results generally well above 10m and up to 20+m recorded at times during ORC sampling events.  

Chlorophyll-a levels, an indicator of algal biomass, in the lakes have a seasonal fluctuation with higher 

levels in summer than winter months but are generally levels typical of Microtrophic lakes (Figure 26).  

Nutrient levels for both lakes are very low and in the case of phosphorus (Figure 24) below current 

detection limits making it difficult to make comparisons other than that both are much lower than small 

eutrophic lakes such as Lake Hayes and Lake Onslow.  Lake Hāwea has the lowest TN levels of the two 

lakes which is largely reflective of its much less developed catchment compared to lake Wānaka (Figure 

25).  For lakes Wānaka and Hāwea most of the feeder catchments are in conservation land and have 

relatively pristine glacial fed rivers that are expected to have mostly excellent water quality (see section 

4.2).  Management of these major lake tributaries is vital to maintaining the high quality of the lakes. 
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Figure 23: Tropic Level Index for Lakes Hāwea and Wānaka (LAWA, 2022). 

One of the key values and uses of Lakes Wānaka and Hāwea is for contact recreation.  The key indicator 

of the suitability of the water for this use is the level of faecal indicator bacteria present, in the case of 

freshwater the most commonly monitored bacteria is Escherichia coli (E. coli).  Monitoring of E. coli levels 

is undertaken as part of summer programmes monitoring the health risks of the water at popular 

swimming sites at Lake Hāwea Holiday Park and Roys Bay on Lake Wānaka.  Both sites have consistently 

very low results for E. coli and are considered safe swimming spots from a bacteria risk point of view 

(Figure 27).  This classification is qualified by the advice that any site can become contaminated 

following periods of heavy rain due to higher rates of run-off and therefore swimming should be 

avoided for two days following a rainfall event.  Other factors can affect the level of satisfaction of the 

lakes as swimming spots such as the presence of nuisance factors like an overabundance of algae.  This 

is discussed further below. 

 
Figure 24: Total Phosphorous levels in Lakes Wānaka and Hāwea (LAWA, 2019). Note the periods 

of constant values are indicative of samples being at detection limit. 
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Figure 25: Total Nitrogen levels for Lakes Wānaka and Hāwea (LAWA, 2019). Note the periods of 

constant values are indicative of samples being at detection limit.  

 
Figure 26: Chlorophyll-a levels in Lakes Wānaka and Hāwea (LAWA, 2019). Note the periods of 

constant values are indicative of samples being at detection limit. 

 
Figure 27: E. coli monitoring results for lakes Hāwea (left) and Wānaka (LAWA, 2019). Note y-

axes have different scales. 

The health or quality of a lake can be characterised by the ecological condition, one factor of which is 

the submerged plant composition. This is measured using the Lake SPI (Lake Submerged Plant 

Indicators) method which characterises lakes based on the condition of native plants and the impact of 

invasive plants growing in them. NIWA data for Lake Wānaka has a current overall Lake SPI rating of 

78%, compared to 82% for Lake Hāwea, both graded excellent (NIWA, 2022). Data over time for this 

method is limited with only three monitoring events in each lake between 1982 and 2020. There appears 

to have been some degradation in the variables measured by LakeSPI (especially invasive impact) during 

this time, particularly for Lake Wānaka. When alien plants are introduced, they can build up beds to an 

extent that they displace native vegetation, which occurs mainly in the 1-10m depth range (Clayton, J., 

in Guardians of Lake Wānaka, 2013). This is possibly largely attributable to the proliferation of the 
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macrophyte Lagarosiphon in Lake Wānaka relatively recently, but the trend has been largely contained 

thanks to ongoing control works targeting this species.  It is important to maintain this control 

programme as after several years of no control from 2001-2003 the weed beds began to spread until a 

further control programme was instigated (Clayton, J., in Guardians of Lake Wānaka, 2013).  Due to the 

hydropower scheme controlled 8m water level range Lake Hāwea there is virtually no habitat for many 

littoral aquatic plants as they cannot tolerate the frequent depth change. 

Macrophytes are not the only problem in the lakes as the planktonic diatom Lindavia intermedia has 

recently become a problem in Lake Wānaka in particular.  L. intermedia is commonly referred to as “lake 
snow” due to the way it appears when floating in the water column.  Since 2004 in Lake Wānaka there 

has been occurrence of lake snow in a lake that usually has very low concentrations of phytoplankton 

(ORC, 2009).  This has resulted in unusually high amounts of algal biomass, but rather than mass 

proliferations of cells, this biomass takes the form of suspended mucilaginous aggregates composed of 

extracellular polymeric substances (EPS) (Novis et al., 2017).  The EPS is a nuisance in the way that it can 

clog fishing lines and block water intake filters and has resulted in planned spending of $2M on 

upgrading the Wānaka water supply system to cope with it.  The relatively recent development, that is 

since 2004, of the lake snow problem indicates that there could be some changes occurring in the 

natural systems in Lake Wānaka.  If this possible change is real and if, or how, it may progress is uncertain 

and requires further investigation.   

Lake Wānaka contains three species of native fish and three self-sustaining introduced fish species.  

Native species include kōaro, which are classified as being “at risk of extinction” with declining numbers.  
There is also Common Bully and Long fin eel or Tuna, which are also declining in number due to habitat 

modification.  Tuna were the top predator in Lakes Wānaka and Hawea until the introduction of Chinook 

Salmon, Rainbow, and Brown trout.  There is not much recent information readily available on the quality 

of the fish populations, but there are some studies and anecdotal records of Salmonid populations. 

Generally quite sparse information has been found.  Fish & Game commissioned NIWA to develop an 

acoustic method for counting salmonid populations which includes counts in Wānaka and Hāwea in 

2007, 2008 and 2009 (Gauthier, 2009). This found that Lake Wānaka had consistent and similar 

population densities in each year and Hāwea declined from 2007 to 2008 but has since recovered to a 

higher level in 2009 than found in 2007. 

In the report prepared for the QLDC wastewater discharge consent application, Olsen (2019) provides a 

good breakdown of research into macroinvertebrate communities of Lakes Hāwea, Wakatipu and 

Wānaka.  They have been surveyed on a number of occasions by various researchers (Biggs & Malthus 

1982, Stark 1993, Kelly & Hawes 2005, Thompson & Ryder 2008). The results of these studies suggest 

that these lakes support similar macroinvertebrate communities, with snails (Potamopyrgus 

antipodarum, Gyraulus, Lymnaea and Physa), chironomid midges (Chironomus, Orthocladiinae, 

Tanypodinae), worms (Oligochaeta, Nematoda) and caddisflies (especially the purse-cased caddis 

Paroxyethira) among the most common taxa collected. Kelly & Hawes (2005) found exotic macrophyte 

beds supported higher macroinvertebrate densities and diversity than native macrophyte beds. 

 Pressures 

Larned et al. (2018) identified the main areas of pressure on lakes to be contaminant loads and 

hydrological alteration (Figure 28).  Each of which can affect the water quality related state or the 

movement of water through the system which in turn impacts on the lake regime and its ability to 

support habitat and biodiversity, along with impacts on the ways that humans can use it. 
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Figure 28: Pressure-state-impact framework as applied to land-use effects on lake ecosystems 

(after Larned et al., 2018). 

Weaver (2013) studied inputs to Lake Wānaka from several of its tributary rivers and streams and related 

this to the potential for impacts of changes in inputs, due to land use change, on the lake state.  It is 

possible that changes in the land use patterns in the lake catchment may be reflected in recent shifts in 

Lake Wānaka’s planktonic community, including the incidence of lake snow.  Weaver’s results indicated 
that converting native grassland to pasture increased inorganic nitrogen and organic matter 

concentrations in the sampled streams during periods of low to moderate flow.  She also found that 

though the smaller streams might have relatively localised effects on the lake, increased development 

in the Matukituki River catchment will correspond with increasing concentrations of nutrients reaching 

the lake which may stimulate changes in the pelagic microbial population and therefore affecting water 

quality (Weaver, 2013).  Remote sensing analysis done by Weaver shows a clear increase in “greenness” 
of the Matukituki catchment between 1990 and 2009 indicating a change from tussock to exotic 

grassland or the application of fertiliser. These same pressures are expected to also be relevant for Lake 

Hāwea, although possibly to a lesser extent due to the lesser proportion of agricultural or urban 

development in the catchment. 

The Lake Wānaka Preservation Act (1973) provides for only natural controls of the water levels and 

hydrological processes in the Lake.  This is not the same for Lake Hāwea that is highly controlled by 

Contact Energy as part of the Clutha Power Scheme.  The impact of climate change may be felt more 

highly in Lake Wānaka than in Lake Hāwea due to the uncontrolled nature of the hydrological system. 

Bayer (2013) investigated the effects of climate change on Lake Wānaka and Lake Wakatipu and found 

that the relationship between predicted temperature increases, changes in hydrological inputs and 

meteorological factors are complex.  Lake modelling found that in Lake Wānaka, warmer winters could 

increase phytoplankton biomass in winter and spring.  However, nutrient inputs to the lakes are likely 

to increase with climate change, as a result of which phytoplankton biomass can increase, this highlights 

the need to monitor the hydrology of the lakes catchments and to carefully control nutrient inputs to 

the lakes. 

Population and visitor number increases are likely to be putting pressure on the lakes for various reasons 

including increased urban and agricultural development in the catchment resulting in higher 

contaminant loads along with the increased activity in and around the lakes.  One study (Compton, 

2012) examined whether variables that indirectly describe weed spread via human access and use, as 

well as a lake’s position in the landscape, could describe the distribution of four invasive species.  It was 
found weed occurrence was more likely when there was a highway in the vicinity, human population 
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density was high and if the lake was large (>55 km2).  This shows that the presence of more people is a 

pressure factor and may not be related directly to development pressures. 

 Information Gaps and Monitoring Recommendations 

Weaver (2013) states that to more fully establish the effect of increasing anthropogenic pressures on 

water quality of Lake Wānaka, consistent long-term monitoring of both lake and stream water variables 

is needed.  This recommendation applies for Lake Hāwea also.  This will help provide the data required 

to answer questions regarding aspects of tributary stream quality impact on the lake quality and 

regarding the formation of lake snow and other nuisance biomass.  If designed appropriately this could 

also provide a sentinel type approach to monitoring emerging issues that may affect the lake state. 

Additional monitoring sites established by ORC since this time have assisted in addressing this gap, and 

show that water quality in most lake tributaries is very good, but that there are concerns with respect 

to Bullock Creek.  

Research into the causes and potential controls for Lindavia intermedia needs to continue.  The reasons 

for and the dynamics behind its formation are not fully understood and it has the potential to continue 

to be a problem long term.  Understanding the potential for the introduction or proliferation of other 

invasive organisms is also important to enable early response to emerging issues.  

There appears to be little recent research on the abundance, composition and health of 

macroinvertebrate and fish communities in the lakes.  These are potentially useful indicators of the 

ultimate impact of pressures and it is important to understand these relationships more fully and to 

monitor changes over time. 

Larned et al. (2018) concluded that there are gaps in the understanding of relationships between land 

use pressures and receiving environment response.  They found that there is a reasonable amount of 

information on relationships between land cover/land use in the areas of water quality and ecology but 

lesser understanding regarding hydrology, and social/cultural values.  Regarding relationships of lake 

response to land management activities there is little information available for any of the response 

variable categories.  This is may partly be due to the difficulty in compiling information on land 

management practices and is therefore an area where attention could be focused. 

Weaver’s (2013) report to ORC contains some good recommendations for monitoring the factors that 

influence the lake health.  Primary among these is the need to consistently monitor nutrient 

concentrations in the lakes along with monitoring nutrient sources to the lakes, particularly in order to 

ensure that phosphorus loading from sub catchments does not increase.  This would include monitoring 

to cover small tributaries, especially those undergoing land use change, and the major inputs from the 

Matukituki River Makarora River including how their inputs are mixing with the lake water. As noted 

above, ORC’s increased monitoring programme partially addresses these recommendations. 

As has been mentioned at various points the availability of good land management data is vital to being 

able to understand the relationships between the way land is managed and the impacts on the receiving 

environments.  This is a recommendation that covers all aspects. 

 Significant rivers not directly feeding the lakes (Cardrona River and Luggate Creek) 

The only rivers of significance, other than the Clutha River/Mata-au and Hāwea River, within the study 

area that do not drain into the Lakes are the Cardrona River and Luggate Creek.  The Cardrona River 

runs approximately South to North in a valley to the West of the Criffel Range and is a tributary of the 
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Clutha River/Mata-Au.  Luggate Creek has a much smaller catchment than the Cardrona and drains to 

the Clutha River/Mata-Au from the northern end of the Pisa and Criffel Ranges. 

Cardrona River 

The soils of the Cardrona valley are dominated by low fertility pallic soils with some patches of brown 

soils in the higher elevations.  Valley flats contain fluvial deposits with poorly developed recent soils, 

these continue along river margins down to the confluence with the Clutha River/Mata-Au.  The 

surrounding plains are a combination of brown and pallic soils with higher fertility (Manaaki Whenua 

Landcare Research, 2019; ORC, 2013).   

The Cardrona River has a catchment of 347km2 upstream of the confluence with the Clutha River/Mata-

Au.  Flow is recorded continuously by ORC at two sites, one at Mt Barker (also known as The Larches) 

just above where the river exits to the Wānaka basin and another more recent site at the confluence 

with the Clutha River/Mata-Au. Flow statistics calculated for the two sites are shown in Table 6. 

Table 6: Flow statistics for the Cardrona River at Mt Barker and at the Clutha confluence (after 

ORC, 2013). 

Site Min (L/s) Max (L/s) Mean (L/s) Median (L/s) MALF (L/s) 

Cardrona at Mt Barker 308 145,299 3,137 2,306 1,057 

Cardrona at Clutha confluence 253 33,445 1,980 1,489 348 

At the time of the original literature review, there were 41 consented surface water takes from the 

Cardrona River and its tributaries with an overall consented primary instantaneous water take of 2440.45 

L/s (ORC, 2013).  However, it has been found that the actual peak take is 1,160 L/s of which 620 L/s is 

taken above the Mt Barker site and 540 L/s is taken downstream (ORC, 2013).  There were also 81 

groundwater take consents in the Cardrona catchment, including two takes in the Cardrona Alluvial 

Ribbon Aquifer and 55 takes from the Wānaka Basin-Cardrona Gravel Aquifer (ORC, 2013). 
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Figure 29: Hydrological reaches in the Cardrona River (Ravenscroft et al., 2018) and Luggate 

Creek catchment (ORC, 2006). 

Downstream of the Mt Barker recorder site the river commonly dries up during summer due to a 

combination of natural losses to groundwater and abstraction for irrigation (Figure 29).  There is some 

recovery in flow before the river reaches the Clutha River/Mata Au confluence as groundwater and 

excess irrigation water recharge the river (Dale & Rekker 2011; ORC 2013, Ravenscroft et al. 2018).  The 

reason for this drying occurring has been investigated recently by Ravenscroft et al. (2018) to work out 

if this may be a natural occurrence or if it is due to the abstraction of water for irrigation. Results 

suggested that surface reaches of the Cardrona River downstream of Ballantyne Road are expected to 

dry naturally in most years due to losses to groundwater or the hyporheic zone (Ravenscroft et al., 2018), 

especially during the period October to April. The effect of the water abstraction for irrigation is 

expected to be that the drying period has an earlier onset and longer duration. 

ORC undertook a targeted short-term investigation of water quality in the Cardrona River in 2014-2015 

(Olsen 2016) which is a repeat of a study undertaken in 2004-2005. They found that water quality in the 

upper Cardrona River is generally very good, but the lower catchment below State Highway 6 bridge 

has high concentrations of TN and nitrate-nitrite nitrogen (which is likely to exceed ORC Plan Change 

6A, Schedule 15 standards).  This deterioration in water quality coincides with nitrogen enriched (relative 

to surface water) groundwater recharging the lower reaches of the river (a similar phenomenon occurs 

in Bullock Creek).  As stated in Section 2.7.4, long-term monitoring sites in the Cardrona River generally 

show good water quality, but there are some causes for potential concern, particularly with respect to 

ecological variables and nutrient concentrations. A mixture of improving and degrading trends were 

observed for different variables, so it is difficult to say whether any recent land use changes (e.g. 

intensification of urban, rural and tourist activities) in the Cardrona Valley are having a meaningful 

impact on surface water quality. 
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According to the ORC Cardrona Water Quality study (Olsen 2016) the results of the 2014/2015 

catchment periphyton survey were consistent with the results of water-quality sampling undertaken at 

the same time, with the periphyton community at sites in the upper Cardrona catchment (above 

Ballantyne Road) indicating low-nutrient conditions, with low chlorophyll-a concentrations and 

generally sparse periphyton cover. However, the site at the SH6 bridge supported much greater 

periphyton growths, a finding that is consistent with the much higher nitrogen concentration observed 

at this site, resulting from the resurgence of nitrate-enriched groundwater, immediately upstream of 

the bridge (Olsen 2016). 

The reaches of the Cardrona above the Mt Barker monitoring site provide significant habitat for fish 

spawning and juvenile fish.  Along with an important trout fishery and spawning area the river also 

supports the rare indigenous Clutha flathead galaxiid in upland tributaries that adult trout are unable 

to reach (Dale & Rekker 2011). Continuous connectivity between the upper catchment, the lower 

reaches and to the Clutha River/Mata-Au is most important during times of trout spawning and water 

abstraction policy is aligned to these needs. 
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Table 7: Water quality parameters sampled in Cardrona catchment.  Values shaded red exceed 

limits set in ORC Water Plan (after Olsen 2016 & ORC 2018). 

 
Water Quality Parameter (Water plan limit) 

Site Period 

Nitrogen 

(NNN 0.075 

mg/L) 

Ammoniu

m (NH4-N 

0.1 mg/L) 

Dissolved 

phosphorus 

(DRP 0.01 

mg/L) 

Bacteria E. 

coli (260 

cfu/100mL) 

Turbidity 

(5 NTU) 

Upstream of Cardrona 2014-15 0.002 0.012 0.004 38 - 

Waiorau bridge 2014-15 0.019 0.010 0.004 51 - 

U/stream of Boundary Ck 2014-15 0.017 0.007 0.004 216 - 

James Rd bridge 2014-15 0.015 0.007 0.004 85 - 

Stockyards ford 2014-15 0.013 0.007 0.004 66 - 

Mt Barker (SoE) 2012-18 0.083 0.011 0.004 212 0.924 

 2014-15 0.070 0.010 0.004 40 - 

 2010-15 0.066 0.010 0.004 72 0.87 

Ballantyne Rd 2014-15 0.059 0.014 0.005 21 - 

SH6 2014-15 0.380 0.009 0.004 26 - 

Clutha confluence 2014-15 0.752 0.005 0.003 48 - 

Boundary Creek 2014-15 0.016 0.011 0.004 99 - 

Branch Burn 2014-15 0.019 0.005 0.004 33 - 

Spotts Creek 2014-15 0.342 0.016 0.006 372 - 

Macroinvertebrate sampling is included as part of the ORC SoE monitoring programme.  Results are 

generally in the B or C attribute states, as discussed in Section 2.7.4. 

Luggate Creek 

Luggate Creek’s catchment (Figure 29) is approximately 121 km2 and has a similar composition to 

Cardrona catchment of brown soils in the upper catchment transitioning to pallic soils lower down, 

recent fluvial soils on the current river margins, and some semiarid soils (Manaaki Whenua Landcare 

Research 2019).  There is little available information on any change that may be occurring in these 

catchments regarding soils, however it is likely to be insignificant as most of the catchment is either in 

tussock land or extensive sheep grazing and are relatively undeveloped.  There may be some impact 

from increasing intensity of land use in the river flats due to higher stocking rates and expansion of 

irrigated or inhabited areas. 

Luggate Creek has reliable rainfall (ORC 2006) of between 600 mm/yr in the lower catchment and 

1000 mm/yr in the upper catchment.  There are 15 water takes from the catchment that are used to 

irrigate in excess of 1000 ha (ORC 2006). Primary allocation for the catchment (from the confluence with 
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Clutha River/Mata-Au) is 500 L/s (ORC 2016).  This is considered by ORC to be overallocated due to the 

existence of deemed permits that are used to irrigate parts of the Cardrona catchment (LAWA, 2019).  

ORC maintain a flow site at the bottom of the catchment at SH6 bridge.  The catchment has an estimate 

naturalized 7-day MALF of 550 L/s (ORC 2006) and a minimum flow set at 180 L/s (LAWA, 2019). 

There is no significant groundwater resource in the Luggate Creek catchment.  Much of the land use in 

the catchment is extensive sheep grazing which may have some impact on water quality due to stock 

access to waterways. 

The water quality of Luggate Creek is good, as discussed in Section 2.7.4.  In summary, most variables 

of interest fall within the ‘A’ attribute state band, though biological variables (i.e. periphyton and 
macroinvertebrates) are exceptions to this. 

Luggate Creek is a significant trout spawning stream for brown trout and also contains the native fish 

Kōaro (ORC, 2006).  ORC (2006) undertook investigations into the flows needed to support these fish 

species using the IFIM methodology.  Table 8 summarises the flows in Luggate Creek that support the 

existing fish species. 

Table 8: Flow requirements for fish species in the Luggate Creek Catchment based on IFIM data 

(after ORC, 2006). 

Fish species Optimum Flow (L/s) Flow below which habitat declines sharply (L/s) 

Kōaro 700 300 

Adult brown trout 1000 500 

Yearling brown trout 500 250 

Brown trout fry 400 250 

Brown trout spawning 400 250 

Based on this information and allowing for the seasonality of fish movements, especially trout spawning, 

ORC have set two minimum flows for Luggate Creek at SH6: 180 L/s from 1st November to 30 April and 

500 L/s from 1st May to 30th October (ORC 2016). 

 Pressures 

The same Pressure-State-Impact relationships discussed in Figure 22 apply in the Cardrona and Luggate 

catchments.  The main pressures may come from changes in land use and management practices, 

including more intensive agricultural practices, expansion of urban development, and increased tourism.  

Impacts from these pressures include reduced water quantity, reduced water quality and potential for 

proliferations of nuisance biomass.  Due to the smaller size and the predominantly hilly nature of the 

Luggate catchment the likelihood of large-scale change is less than for the Cardrona catchment. 

It has been observed that in the Cardrona River periphyton growth is much greater at the lower 

catchment SH6 site where there is a resurgence of nitrogen enriched groundwater to the river (Olsen 

2016).  At the corresponding sample times in upstream sites there was sparse periphyton cover and 

sampling showed nutrient levels were low. This shows that nutrient levels have an influence on the 

proliferation of periphyton in streams and that nutrient levels need to be managed.  During the course 

of the ORC 2014-15 Cardrona River water quality investigation it was noted that there was evidence of 
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stock access at most sites that were surveyed which could lead to elevated nutrient levels in the stream, 

direct damage of instream habitat, and potential for higher algal biomass levels (Olsen, 2016). 

There is a possibility that the nature of water allocation in the Cardrona catchment may change over 

time, which will have impacts mainly on the downstream section of the catchment.  ORC have reviewed 

the management of water in the catchment and adjoining aquifers and one of the recommendations 

coming out of this is that water users on the Wānaka flats change from the historic practice of using 

surface water provided under historic deemed permits and transition to using groundwater from the 

Wānaka Basin Cardrona Gravel Aquifer for irrigation (Dale & Rekker 2011).  If this change does occur, it 

could have significant impacts on the lower reaches of the Cardrona River and on the dynamics of the 

smaller spring feed streams such as Bullock Creek.   

Climate change is expected to significantly change the dynamics of the hydrological cycle in the Upper 

Clutha area.  This will likely be noticeable in the Cardrona and Luggate catchments.  The main changes 

will be in the type, timing and intensity of precipitation in the catchment.  The projected changes for 

Otago include decreases in winter snowfall and earlier onset of spring melt which will change the river 

flow cycles (MfE 2018).   

 Information Gaps and Monitoring Recommendations 

The availability of good land use and land management data is vital to being able to understand the 

relationships between the way land is managed and the impacts on the receiving environments.  This 

information should be tracked and used for predictions of potential downstream effects to give early 

warning of potential future issues in receiving environments. 

Further understanding on the effects of changing the water allocation regime from the Cardrona River 

to a bias towards groundwater from the downstream aquifer is needed to be able to fully gauge the 

impacts of this potential regime shift.  

One of the impacts of climate change of significance to the Upper Clutha area, and in particular to the 

Cardrona catchment, will be possible reduced levels of snow accumulation in the lower elevation ranges 

such as the Pisa and Crown Ranges.  Greater understanding of the local scale impacts of this will be of 

great benefit to many aspects of the community that rely on the snow resource, including ski fields, 

farmers, irrigators and tourist operations.  Monitoring changes in the level of snow fall magnitude, 

duration and extent will provide valuable information for future planning of water use and land use 

practices.  This could be done in various ways and may not require much more than a method of 

collating existing information from sources such as skifield records, NZTA/MetService records, aerial 

imagery, and any community monitoring that may be happening. 

Although water quality in these catchments is good and appears to be stable it is sensible to continue 

to monitor the water quality and the biological health of the rivers.  It would also be of value to 

undertake targeted monitoring programmes as and when there are changes happening in the 

catchment to enable better understanding of the impacts, for example, of increased residential 

development in Cardrona. There may also be a benefit to further surface water quality monitoring in 

the downstream reaches of the Cardrona to assess the effects of groundwater inflows, building on the 

work of Jackson (2017). 

Continued monitoring of river flows at the existing sites is critical to developing a thorough 

understanding of the hydrological regimes of the catchments and for tracking any potential changes in 

water yields that may occur due to land use/management practice changes or climate change.  Related 
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to this is thorough monitoring of actual water use in the catchment by both permitted takes and 

consented takes.  This requires keeping of good records by water users and good quality/compliance 

control by ORC in order to gather useable data.  

 Wānaka/Hāwea Basin outwash plains including Clutha River/Mata-Au and the 

underlying aquifers  

The Wānaka/Hāwea Basin spans the area of outwash plains between lakes Wānaka and Hāwea, across 

to the Criffel Range and down the valley as far as Luggate Creek.  The area includes the Hāwea River 

draining Lake Hāwea, the lower reaches of the Cardrona River and Luggate Creek, and the upper reaches 

of the Clutha River/Mata-Au that originates in Lake Wānaka (Figure 30). 

 
Figure 30: Wānaka/Hāwea Basin study area is within the purple line (after LINZ/Topomap). 

This area covers a variety of land uses and environments including broad glacial outwash plains 

developed with intensive and extensive agriculture, the urban areas of Wānaka, Albert Town, Lake 

Hāwea, Hāwea Flat and Luggate, along with the Cardrona, Hāwea and Clutha/Mata-Au Rivers, and the 

Wānaka Basin Cardrona Gravel Aquifer and Hāwea Basin Aquifer. 

Soils across the basin range from recent fluvial soils in areas adjacent to rivers, laminar pallic soils on 

the eastern half of the Hāwea Flats, and orthic brown soils most common across the main areas of flat 

land.  The recent fluvial and orthic brown soils are generally quite shallow across the basin and 

moderately to well drained with high N leaching vulnerability.  These soils are also vulnerable to drought 

if not irrigated.  The pallic soils however are less well drained, less susceptible to drought, and have 

medium levels of N leaching vulnerability (Manaaki Whenua Landcare Research, 2019).  As can been 

clearly seen in Figure 12 there has been significant change in land use on these soils in the last 50+years 

from extensive unirrigated grazing to more intensive irrigated land for dairy production.  Due to the 

nature of the soils careful management of the use of fertilisers and application of dairy effluent is needed 

to control leaching to groundwater and run-off to waterways. 

Water quality in this area of the Upper Clutha catchment is generally very good but has potential to 

deteriorate.  The farthest down catchment water quality site in the study area is the site monitored by 
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NIWA as part of the National Rivers Water Quality Network (NRWQN) on the Clutha River/Mata-Au at 

the Luggate Bridge.  This site overall has good water quality but has shown trends for degrading in 

respect to nitrogen and clarity (LAWA 2019). 

 

Figure 31: Graphs of Clarity measurements (Black Disc) and Total Nitrogen for the Clutha 

River/Mata-Au site at Luggate Bridge (LAWA/NIWA, 2019) 

ORC have recently (late 2018) begun monitoring water quality at Dunmore Street Footbridge on Bullock 

Creek which runs through Wānaka township.  Bullock Creek is spring fed from the Wānaka Basin 

Cardrona Gravel Aquifer which is recharged by local rainfall and by the Cardrona River losing water as 

it enters the basin.  The springs occur at the base of a terrace where the ground drops towards Wānaka 

township and Lake Wānaka.  The creek can flow at up to 500 L/s at the outlet to Lake Wānaka (Thomas, 

2018).  Bullock Creek is of special interest as it is the main watercourse in the study area that drains 

through an urban area and is vulnerable to contamination from urban run-off and wastewater overflows 

from the Dungarvon St pump station (Olsen 2019).  Monitoring by ORC since 2018 indicates elevated 

concentrations of nutrients (most likely from groundwater inflows) and some other contaminants of 

concern in Bullock Creek.   

With high water quality in the catchment there is generally correspondingly good levels of ecological 

health in the rivers and streams.  The lower Clutha River/Mata-Au catchment site at Luggate Bridge falls 

within the ‘C’ attribute band for MCI score, though with an improving trend (LAWA, 2019) as shown in 

(Figure 32).  This apparently lower rating may in part be due to the difficulties involved in sampling 

macroinvertebrates in a large river.   

The Clutha River/Mata-Au is a nationally recognised trout fishery.  Both it and the Hāwea River support 

longfin eel, kōaro, common bully, upland bully, brown trout, rainbow trout and quinnat salmon.  Longfin 

eel and kōaro are classified as “at risk – declining” (Dunn et al., 2018).  Bullock Creek is recognised under 

Schedule 1A of the Regional Water Plan as having significant habitat for trout spawning and juvenile 

rearing (Olsen 2019).   
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Figure 32: MCI data for Clutha River/Mata-Au at Luggate Bridge (LAWA, 2019) 

Didymo (Didymosphenia geminata) is present in the Clutha catchment and was first found in the Hāwea 

River in September 2005 (ORC, 2008).  It can grow extremely fast and it quickly becomes a major 

nuisance and is visually unsightly. Didymo blooms are caused by low P concentrations (Kilroy 2014) 

which is why it is a problem in the relatively pristine waters of the Upper Clutha.  A study undertaken by 

ORC found that flow variation is a natural control on didymo growth.  They found that when flows were 

low and stable didymo cover was high but when freshes occurred most of the biomass was displaced 

and washed downstream with native algae replacing it.  As flows again became more stable didymo 

cover increased again (ORC, 2008).  The large artificial flow fluctuation in the Hāwea River, due to the 

hydroelectricity scheme, has a positive impact on restricting the growth of didymo in the river.  This 

applies to a lesser extent in the Clutha below the Hāwea River confluence.  No recent data for the Clutha 

River/Mata-Au and Hawea River were found regarding tracking the incidence and extent of didymo over 

time. 

This part of the Upper Clutha catchment area has significant groundwater resources in the Wānaka Basin 

Cardrona River Alluvial Aquifer and the Hāwea Basin Aquifer (Figure 33).  The Wānaka Basin Cardrona 

River Alluvial Aquifer is recharged from a combination of rainfall, irrigation surpluses and seepage losses 

from the Cardrona River (proportionally around 60% of the water balance) (Thomas, 2018).   Figure 34 

shows that the Wānaka Basin Cardrona River Alluvial Aquifer is currently considered to be over allocated 

and the Hāwea Basin Aquifers are a mix of over allocated and available allocation (ORC, 2019). 
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Figure 33: Wānaka Basin Cardrona Gravel Aquifer and Hāwea Basin Aquifer (ORC, 2015). 

 

Figure 34: Groundwater abstraction points and annual allocation status for Wānaka Basin 

Cardrona Alluvial Aquifer (operative) and Hāwea Basin Aquifers (Draft/Recommended) (ORC, 

2019). 
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 Pressures 

Land use change is a significant area of pressure on this part (Wanaka and Hawea Basin Aquifers, Clutha 

River/Mata-Au and Hawea River) of the catchment in the form of change in rural land use and land 

management practices and expansion of urban areas.  The main change in the rural area is the move 

towards increased irrigation of lowland pastures and the associated move from low producing exotic 

grassland to high producing grassland (Figure 7).  The way that this is done needs to be carefully 

managed as the increased application of water and fertiliser can lead to increased leaching of nutrients 

and other contaminants to groundwater and surface water (Fuentes et al., 2017).  Julian et al. (2017) 

studied the relationship between agricultural land use and water quality and found that median visual 

water clarity was best predicted inversely by areal coverage of intensively managed pastures. The 

primary predictor for all four nutrient variables (TN, NOx , TP, DRP), however, was cattle density, with 

plantation forest coverage as the secondary predictor variable. While land disturbance was not itself a 

strong predictor of water quality, it did help explain outliers of land use–water quality relationships 

(Julian et al., 2017).   

There are multiple pressures placed on aquifer systems due to land use practices and the allocation of 

water (Figure 35).  Changes in source of the water that land is irrigated with is a potential change in 

pressure for the area currently irrigated by water races fed from the Cardrona River.  ORC have 

recommended that it would be ideal to transition the water source from Cardrona River sourced surface 

water, transported via water races, to groundwater in the Wānaka Basin Cardrona Alluvial Aquifer (Dale 

& Rekker 2011).  This could result in less pressure on the Cardrona River but increased pressure on the 

aquifer and potentially on spring fed streams.  Detailed modelling by PDP (Thomas, 2018) commissioned 

by ORC shows that the aquifer resource can possibly be managed to minimise these impacts. 

 

Figure 35: Summary of pressure-state-impact relationships affecting aquifers (after Larned et al., 

2018). Note that saltwater intrusion is not relevant in this context. 

The change of land to urban land use places multiple pressures (Figure 36) on the small streams, 

primarily Bullock Creek, and the Lake Wanaka.  Multiple factors change the way in which water moves 

in these areas and changes the contaminants that it may carry.  The main factor is the increase in 

impermeable surfaces associated with urban growth which increases the speed of run-off.  This can 

increase the severity and frequency of flooding in small streams in the immediate area unless it is well 

managed through using water sensitive urban design methods.  These factors can impact on instream 

values, water quality and the visual amenity of the streams.   
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Figure 36: Summary of pressure-state-impact relationships affecting urban streams and rivers 

(after Larned et al. 2018) 

The presence of wastewater infrastructure in a catchment can also impact on urban streams as at times 

there can be faults in the network that result in overflows.  These overflows can result in a broad range 

of impacts on the receiving stream environment as shown in Table 9 (Olsen, 2019).  It is worth noting 

that the review carried out by Olsen (2019) does not cover risk to human health which could be a 

significant risk in this situation.  QLDC commission NIWA to assess a microbial risk assessment with 

respect to human health (Hudson, 2019) which found that there is potential for significant health risk 

related to these overflow discharges.  This assessment was based on a number of assumptions and 

could be improved with improved data on overflow volumes/rates, stream flows, and for lake the use 

of a calibrated hydrodynamic model. 

Pressure for more urban development is related to pressure coming from large growth in population in 

the area, both residents and visitors as seen in Table 10 that shows the very high projected growth rates 

of both residents and visitors (for the whole QLDC).  This places multiple pressures on infrastructure and 

the environment and is a challenge for councils to manage the infrastructure required to service the 

population, both permanent and transient.   

Climate change could be a significant pressure in future due to the projected increases in temperature 

and changes in precipitation patterns resulting in changes in the way that land is managed (MfE, 2018).  

These changes can have both positive and negative influences so should be planned for and managed 

proactively. 
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Table 9: Summary of the assessment of the risks associated with each of the potential effects of 

wastewater discharges to freshwaters (after Olsen 2019). 

Potential effect 
Large 

lakes 

Lake 

Hayes 
Streams 

Small-

medium 

rivers 

Medium-

large 

rivers 

Large 

rivers 

Values 

potentially 

affected 

Oxygen  Low, but 

high 

locally 

Mod-high Mod-high Moderate 
Low-

moderate 
Low 

Fish, 

invertebrates 

Sediment Sedimentation Low-

moderate, 

but high 

locally 

Mod-high Mod-high Moderate 
Low-

moderate 
Low 

Fish, 

invertebrates, 

macrophytes 

 Clarity Low, but 

high 

locally 

Low, but 

high 

locally 

Moderate 
Low-

moderate 
Low Low 

Fish, 

invertebrates, 

macrophytes 

Growths Fungus 

Low Low Moderate 
Low-

moderate 
Low Low 

Fish, 

invertebrates, 

macrophytes 

 Periphyton/ 

phytoplankton Moderate Moderate Moderate Moderate 
Low-

moderate 
Low 

Fish, 

invertebrates, 

macrophytes 

Odour  Moderate Moderate Mod-high Moderate Moderate Moderate Aesthetic 

Scums/foams 
Moderate Moderate High Mod-high Moderate 

Low-

moderate 
Aesthetic 

 

Table 10:  Projected population and visitor growth in QLDC area (Maynard 2017). 

Output 2013 2018 2028 2048 2058 

10 year (2018 to 2028) 30 year 

avg 

annual 

growth 

(2018-

2048) 

40 year 

avg 

annual 

growth 

(2018-

2058) 

Growth 

Avg 

annual 

growth 

Avg 

annual 

growth 

Usually Resident 

Population 
29,700 38,000 49,300 66,400 74,700 11,300 1,130 2.6% 940 920 

Total Visitors 

(average day) 
18,000 24,900 31,500 39,00 42,100 6,600 660 2.4% 470 430 

Total Visitors 

(peak day) 
63,900 79,300 99,700 126,400 138,700 20,400 2,040 2.3% 1,570 1,480 

Total Dwellings 15,800 19,700 24,700 31,600 35,000 5,000 500 2.3% 400 380 

Total Rating 

units 
 26,000 30,900 38,800 43,000 4,900 490 1.7% 430 430 
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 Information Gaps and Monitoring Recommendations 

There is limited easily available information on the use of agricultural land in this part of the study area 

that is of a high enough resolution to enable tracking of change at a fine scale (“paddock scale”) over 

time.  The same applies for enabling the assessment of land management practices and how they might 

be changing over time. Both these datasets are important for assessing the flow on impacts of change 

on the receiving environments and for increasing understanding of these relationships. This includes 

both rural and urban practices ranging from fertiliser application regimes to the use of water sensitive 

design in urban development. We note that Grant (2020 and 2021) has made a significant contribution 

to the understanding of urban land use changes in this part of the catchment.  

A methodology such as a GIS viewer for tracking and updating this land use information to paddock 

scale (or comparable land area for non-agricultural land) would be beneficial, both for this area and the 

remainder of the catchment. 

The effect of a change of regime of water allocation from the Cardrona River and the Wānaka Basin 

Cardrona Alluvial Aquifer on groundwater quantity, quality and spring fed streams is an area where 

additional research was identified as being worthwhile in the 2019 version of this document. ORC have 

subsequently commissioned/completed a significant package of work in this area.  Related to this there 

is a need for more accessible and timely information on the current state of the surface and groundwater 

resources. 

Further understanding on the dynamics of population change and methods for managing it and relating 

that to how best to design the urban spread will be critical to reducing its impact.  This may take the 

form of specific designs for the local environment along with education of key parties as to how to 

manage these things.  

Continued monitoring of surface and groundwater quality and quantity is critical to tracking the impacts 

on the environment. ORC’s expanded surface water quality monitoring network is a significant 
contribution to this.  It would be useful to have some more continuous monitoring of key variables in 

key locations to supplement the discrete monitoring.  One ideal location could be in Bullock Creek, 

given the high pressure on this catchment.  To make this data useful there would need to be monitoring 

of flows as well.  This would then provide a data set to use for assessing effects of change in water 

allocation from the Cardrona River and associated aquifers. 

Tracking of visitor numbers and movements throughout the district will help facilitate proactive 

management of the impacts of growth in the visitor industry. 

 SUMMARY OF GAPS AND RECOMMENDATIONS 

Table 11 and Table 10 summarise the gaps in current knowledge and monitoring identified in Section 

4 of this report along with recommendations for areas of research and/or monitoring. The 
recommendations are relatively high level and don’t go into detail on individual parameters that 

should be monitored and sampling intervals etc.  This would need additional work to scope out a 
programme for each of the recommendations. 
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Table 11: Summary of research gaps and recommendations. 

Identified Gap Research recommendation 

Understanding of the links between land use 

and/or land management practices and the 

health or state of receiving environments 

(streams, lakes, wetlands and groundwater) 

Investigation of relationships between land use 

and/or land management practices to identify 

the most influential linkages between individual 

parameters or groups of parameters.  This will 

require regular reporting of changes in land use 

and land management practices to provide a 

suitable data set (see recommendation in Table 

12 below).  Targeted monitoring programmes 

may be required to assess particular issues. 

 Investigating the main sources of, and the fate 

of, contaminants that may end up in rivers, 

lakes, and aquifers. 

 Develop an understanding of trends in stocking 

rates in the Upper Clutha study area.  Ascertain 

historic rates and trends, current practices and 

forecast future state. Information on land use to 

“paddock scale” would be highly beneficial and 
there may be benefit to creating a GIS viewer or 

similar to track and communicate this 

information. 

Investigate the hydrodynamic properties of 

Lakes Wanaka and Hawea including 

understanding the flow paths, residence time 

and vertical mixing regimes. 

Full understanding of current environmental 

state and trends based on existing data from 

conventional and disparate data sources 

While ORC carries out regular reporting on 

surface water quality across the region, in our 

opinion there would be benefits to be gained 

from completing this in an integrated way that 

covers water quality and quantity across surface 

and groundwater.  It is worth noting that there 

is a large amount of data that has been 

collected for disparate purposes that if collated 

for analysis may greatly complement the more 

conventional data records.  This may add to the 

ability to ascertain trends and analyse state 

across the catchment. 

 Assessment of the effectiveness of the 

management of fish passage/relocation 

programmes past the large hydropower dams. 
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Utilise emerging sensing technologies for 

assessment of environmental state 

Investigate the use of remote sensing (satellite 

or aerial) for assessment of key environmental 

factors 

 Investigate new sensing technologies for 

continuous assessment of water quality 

parameters  

Causes of invasive nuisance organism incursions 

or proliferations 

Investigation into the drivers for proliferation of 

invasive organisms such as Lindavia intermedia 

and Lagarosiphon. 

Controls for management of invasive nuisance 

organism incursions or proliferations 

Investigation of what controls could be put in 

place to eliminate or manage invasive organisms 

such as Lindavia intermedia and Lagarosiphon. 

Understanding the potential vulnerability for 

occurrence of new invasive nuisance organisms  

Investigation into what other invasive organisms 

the lakes and rivers of Upper Clutha may be 

vulnerable to.  This may require matching 

analogous environments and assessment of 

possibility of transport of organisms. 

Local scale understanding of climate change 

impacts on the Upper Clutha area 

Downscaling of NIWA climate change impact 

projections for the local scale and key 

parameters.  This would be equivalent to what 

has been done for Greater Wellington Regional 

Council (Pearce et al., 2017). 

Understand the environmental, social and 

economic impacts of proposed changes in 

allocation regime for Cardrona River and the 

Wānaka Basin Cardrona Gravel Aquifer. 

Evaluate how the water use regime might 

change along and how that will impact on water 

use and how that influences the environment 

(river and aquifer) and the water users. Note: 

significant work in this area has already been 

undertaken. 

Understand the volume and impact of permitted 

takes 

Develop a methodology for assessing the 

volume of permitted takes in a catchment. 

Local environment and climate specific urban 

design standards/guidelines 

Development of recommended best practice for 

urban development that has low/no impact on 

waterways and lakes. 

Understanding of population dynamics with 

particular regard to growth projections 

Further refinement and planning building on 

existing population change research (Maynard, 

2017) 

Understanding the dynamics of visitors to the 

area with regard to accommodation, 

movements and growth 

Further refinement and planning building on 

existing population change research (Maynard, 

2017) 
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Table 12: Summary of monitoring gaps and recommendations. 

Identified Gap Monitoring recommendation 

Tracking of land use changes over time to 

“paddock” scale 

Develop a methodology for regular collection 

and analysis of aerial and/or satellite-based 

imagery.  Ideally develop automated processes 

for analysing data using AI or other techniques.  

Tracking of land management practice changes 

over time to “paddock” scale 

Develop a methodology for collection and 

analysis of this key information source.  For 

agricultural use this could be done through 

monitoring of Farm Plans.  This will require 

cooperation of land managers, agricultural 

suppliers and councils to get a sufficiently 

detailed data set. This data could be presented 

in a GIS viewer. 

Consistent long-term monitoring of river, lake 

and groundwater quality 

Design a comprehensive and properly resourced 

long-term water quality monitoring programme 

(integrated with water quantity and ecology 

programmes) that covers the different receiving 

environments and includes: 

• Pristine areas; 
• Impacted waterways; 
• Lakes; and 
• Groundwater and spring fed streams. 

Some of the key parameters to monitor include: 

• Nutrients; 
• Water temperature; and 
• Sediment and clarity. 

The programme should consist of a variety of 

discrete and continuously sampled sites that 

complement each other.   

Recent changes in ORC’s monitoring 
programme have gone a significant way towards 

addressing this. 

 Utilise emerging remote sensing techniques for 

assessment of lake health factors such as 

chlorophyll abundance. 

Consistent long-term monitoring of river and 

groundwater quantity 

Design a comprehensive and properly resourced 

long-term water quantity monitoring 

programme (integrated with water quality and 
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ecology programmes) that covers the different 

receiving environments and includes: 

• Pristine areas; 
• Impacted waterways; and 
• Groundwater and spring fed streams. 

Collection of good quality water use data from 

consented water takes and where possible from 

permitted takes.  

Telemeter water meters where possible and set 

standards for expected data quality to make 

data useful. 

Consistent long-term monitoring of river and 

lake ecology and biodiversity 

A well designed and resourced monitoring 

programme (integrated with water quality and 

ecology programmes) that covers composition, 

abundance and health of fish, 

macroinvertebrates, and aquatic flora that 

covers the different receiving environments and 

includes: 

• Pristine areas; 
• Impacted waterways; 
• Lakes; and 
• Groundwater and spring fed streams. 

Consistent long-term monitoring of key climatic 

variables that could be used as indicators of the 

impacts of climate change 

A well designed and resourced monitoring 

programme that covers the different sub-

climate areas across the catchment.  Areas of 

particular interest include: 

• Snow accumulation in mid altitude 
ranges; 

• Air temperature across the catchment; 
• Wind patterns; and 
• Rainfall patterns. 

 

 NEXT STEPS 

The above literature review will remain a living document and be incorporated into the full CCP 

document as it is developed. Additional information where it becomes available or identified will be 

incorporated and used to add to our understanding of the state of the environment, pressures facing 

the catchment or gaps in knowledge. 
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Ranunculus fluitans) in Lakes Wanaka and Roxburgh and 
several backwaters of the Upper Clutha River were studied in 
February-March 1980 

Seasonal 
succession and 
vertical 
distribution of 
phytoplankton in 
Lake Hayes and 
Lake Johnson, 
South Island, New 
Zealand 

Burns, C.W. and 
Mitchell, S.F., 1974. 
Seasonal succession 
and vertical 
distribution of 
phytoplankton in Lake 
Hayes and Lake 
Johnson, South Island, 
New Zealand. New 

Zealand journal of 

marine and freshwater 

research, 8(1), pp.167-
209. 

Describes qualitative and quantitative changes in the 
seasonal and vertical distribution of the planktonic algae of 
Lake Hayes and Johnson. Algal associations characteristic of 
eutrophic waters were present throughout most of the 
sampling period (1969-72). In winter when the lakes were 
isothermal, algae were distributed fairly uniformly with 
depth. Algae were more abundant in summer than winter in 
both lakes. 

Fish species in 
Lake Wanaka 

Catchments Otago, 
Fish species in Lake 
Wanaka.  Information 

poster. 
https://static1.squares
pace.com/static/5701a
bd4356fb07515058187
/t/5954c37636e5d3f20
32f9d29/14987273351
22/CO_fish_poster_we
bsite.pdf 

Information poster on fish species present in Lake Wanaka. 
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Linking 
geomorphic 
character, 
behaviour and 
condition to 
fluvial 
biodiversity: 
implications for 
river 
management 

Chessman, B.C., Fryirs, 
K.A. and Brierley, G.J., 
2006. Linking 
geomorphic character, 
behaviour and 
condition to fluvial 
biodiversity: 
implications for river 
management. Aquatic 

Conservation: Marine 

and Freshwater 

Ecosystems, 16(3), 
pp.267-288. 

In this study, 41 sites in the Bega River basin in New South 
Wales, Australia, were classified according to River Style and 
geomorphic condition, and surveyed for four biological 
assemblages: diatoms, aquatic and semi-aquatic 
macrophytes, aquatic macroinvertebrates and fish. The 
study's findings imply that protection of reaches that are in 
good geomorphic condition is likely to be critical for the 
maintenance of indigenous biodiversity, and that 
rehabilitation of geomorphic condition can assist in the 
rehabilitation of native riverine biota. 

Contrasting deep‐
water 
macrophyte 
communities in 
two highly 
transparent New 
Zealand lakes and 
their possible 
association with 
freshwater 
crayfish, Paranep
hrops spp 

Coffey, B. T., & 
Clayton, J. S. (1988). 
Contrasting deep‐
water macrophyte 
communities in two 
highly transparent New 
Zealand lakes and their 
possible association 
with freshwater 
crayfish, Paranephrops 
spp. New Zealand 

journal of marine and 

freshwater 

research, 22(2), 225-
230. 

Lakes Wanaka and Taupo are both large, deep lakes of 
comparable water clarity (highly transparent) but 
composition and depth limit of their deepest rooted 
macrophyte communities contrast markedly. The 
macrophyte community in Lake Taupo has a depth limit of 
16 m and comprises characean meadows; the macrophyte 
community in Lake Wanaka has a depth limit of 50 m and 
comprises a mixed assemblage of bryophytes. A survey of 
other New Zealand lakes suggested that this deep bryophyte 
community only occurred in the absence of freshwater 
crayfish populations. 

Predicting spread 
of invasive 
macrophytes in 
New Zealand 
lakes using 
indirect measures 
of human 
accessibility 

Compton, T.J., de 
Winton, M., Leathwick, 
J.R. and Wadhwa, S., 
2012. Predicting 
spread of invasive 
macrophytes in New 
Zealand lakes using 
indirect measures of 
human 
accessibility. Freshwate

r Biology, 57(5), 
pp.938-948. 

This study examined whether variables that indirectly 
describe weed spread via human access and use, as well as a 
lake’s position in the landscape, could describe the 
distribution of four invasive species using a boosted 
regression trees (BRT) modelling approach. It was found 
weed occurrence was more likely when there was a highway 
in the vicinity, human population density was high and if the 
lake was large (55 km2). When weighting the data, many 
lakes across New Zealand were forecasted to be at risk of 
invasion. 

Rare fish find 
boost to 
conservation 
move 

Davison, R., 2019. Rare 
fish find boost to 
conservation move. 
Otago Daily Times 

Online 15th May 2019 

ODT article about rare Kōaro found in Bullock Creek in 
Wānaka 

Freshwater 
biodiversity: 
importance, 
threats, status 
and conservation 
challenges 

Dudgeon, D., 
Arthington, A.H., 
Gessner, M.O., 
Kawabata, Z.I., 
Knowler, D.J., Lévêque, 
C., Naiman, R.J., Prieur-
Richard, A.H., Soto, D., 
Stiassny, M.L. and 
Sullivan, C.A., 2006. 
Freshwater 
biodiversity: 
importance, threats, 
status and 

This article explores the special features of freshwater 
habitats and the biodiversity they support that makes them 
especially vulnerable to human activities. Threats to global 
freshwater biodiversity: overexploitation; water pollution; 
flow modification; destruction or degradation of habitat; and 
invasion by exotic species.  They advocate continuing 
attempts to check species loss but, in many situations, urge 
adoption of a compromise position of management for 
biodiversity conservation, to provide a viable long-term basis 
for freshwater conservation. Recognition will require 
adoption of a new paradigm for biodiversity protection and 
freshwater ecosystem management – ‘reconciliation 
ecology’. 
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conservation 
challenges. Biological 

reviews, 81(2), pp.163-
182. 

Conservation 
status of New 
Zealand 
freshwater fishes, 
2017. 

Dunn, N.R., Allibone, 
R.M., Closs, G.P., Crow, 
S.K., David, B.O., 
Goodman, J.M., 
Griffiths, M., Jack, D.C., 
Ling, N., Waters, J.M., 
Rolfe, J.R. (2018); 
Conservation status of 
New Zealand 
freshwater fishes, 
2017.  Department of 
Conservation. New 

Zealand Threat 

Classification Series 24 

DOC report explaining the conservation status of New 
Zealand freshwater fish. 

Schistosome 
dermatitis in Lake 
Wanaka: Survey 
of the snail 
population, 
1976–77 

Featherston, D. W., & 
Mcdonald, T. G. (1988). 
Schistosome dermatitis 
in Lake Wanaka: survey 
of the snail population, 
1976–77. New Zealand 

Journal of Zoology, 
15(3), 439-442. 

A survey of snails from Lake Wanaka was undertaken in 
1976-77 to determine the presence of trematode larval 
stages. This showed that Lymnaea tomentosa was the only 
host for Cercaria longicauda, the causal organisms of 
schistosome dermatitis.  

Acoustic 
assessment of 
salmonids in large 
South Island 
lakes, February 
2009 

Gauthier, S. (2009); 
Acoustic assessment of 
salmonids in large 
South Island lakes, 
February 2009. NIWA 

Client Report: 
WLG2009-73 

Report on development of a new acoustic method of 
counting salmonid populations in South Island lakes. 

The condition of 
Lake Wanaka as 
indicated by 
Aquatic Plants 

John Clayton (2013). 
Lake Wānaka – For 
better or worse? 
Planning for the future.  
Guardians of Lake 

Wānaka (2013); 
Seminar Proceedings 

When alien plants are introduced, they build up a bed of 
weed growth which displaces native vegetation. Often, they 
grow taller and denser than native plants. Lack of water 
clarity causes deep water plants to retract to a shallower 
depth. Thus, the depth at which plants grow is indicative of 
water clarity. Lake Submerged Plant Indicators (SPI) uses 
information from the plants growing in a lake to indicate its 
overall condition. Lake Wanaka's LakeSPI is currently 
regarded as in excellent condition as of 2013 and was ranked 
as one of the top 3 lakes in NZ.  There has been a trend of 
increasing invasive species compared to 1982 however this 
has been largely contained by crown funded control works 
on lagarosiphon. LakeSPI has been adopted by most regional 
councils and is a quick and cost-effective option for lake 
monitoring. 

Physical 
Constraints to 
Aquatic Plant 
Growth in New 
Zealand Lakes 

Hawes, I., Riis, T., 
Sutherland, D., & 
Flanagan, M. (2003). 
Physical constraints to 
aquatic plant growth in 
New Zealand 
lakes. Journal of 

Aquatic Plant 

Management, 41, 44-
52. 

The nature of aquatic plant communities often defines 
benthic habitat within oligotrophic and mesotrophic lakes 
and lake management increasingly recognizes the 
importance of maintaining plant diversity in order to sustain 
biological diversity and capacity within lakes. We have 
developed simple statistical relationships between key 
physical and vegetation variables that define the habitat 
requirements, or “habitat-templates”, of key vegetation 
types to facilitate management of plant communities in New 
Zealand lakes. Upper limits of many deeper-growing species 
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could also be related to wave action exposure. Water clarity 
set the lower limits for most vegetation types.  

Climate and land 
use interactively 
affect lake 
phytoplankton 
nutrient 
limitation status 

Hayes, N.M., Vanni, 
M.J., Horgan, M.J. and 
Renwick, W.H., 2015. 
Climate and land use 
interactively affect lake 
phytoplankton nutrient 
limitation 
status. Ecology, 96(2), 
pp.392-402. 

Is the effect of precipitation on phytoplankton nutrient 
limitation dependent on watershed land use? Across 42 
lakes, we found phytoplankton in lakes in agricultural 
landscapes were usually P limited but shifted to strong N 
limitation under increased drought intensity, and that 
droughts promoted N-fixing cyanobacteria. In contrast, 
phytoplankton in lakes with forested watersheds were 
consistently N limited, regardless of drought status. This 
climate–land use interaction suggests that droughts may 
increase the incidence of N limitation in agriculturally 
impacted lakes. N limitation would likely impair valuable 
ecosystem services by promoting the occurrence and 
severity of cyanobacterial blooms. 

A preliminary 
investigation on 
effects of 
fluctuating flows 
on invertebrates 
of the Hawea 
River, a large 
regulated river in 
New Zealand 

Irvine, J.R. and 
Henriques, P.R., 1984. 
A preliminary 
investigation on effects 
of fluctuating flows on 
invertebrates of the 
Hawea River, a large 
regulated river in New 
Zealand. New Zealand 

journal of marine and 

freshwater 

research, 18(3), 
pp.283-290. 

The aim of this study was to evaluate some of the effects of 
different rates of change of flow and different peak flows on 
the invertebrates of a regulated river, the Hawea River, to 
see whether slow changes in flow have less impact on 
invertebrates than rapid changes. An experiment with 
various flows on consecutive days resulted in increased 
numbers of drifting chironomid larvae, trichopteran larvae 
and oligochaetes compared to days when flow was stable. 
Drift of non-invertebrate organic matter showed similar 
patterns to invertebrate drift. 

Influence of 
fluctuating lake 
levels and water 
clarity on trout 
populations in 
littoral zones of 
New Zealand 
alpine lakes 

James, G. D., & 
Graynoth, E. (2002). 
Influence of fluctuating 
lake levels and water 
clarity on trout 
populations in littoral 
zones of New Zealand 
alpine lakes. New 

Zealand Journal of 

Marine and Freshwater 

Research, 36(1), 39-52. 

Brown trout (Salmo trutta Linnaeus 1758) and rainbow trout 
(Oncorhynchus mykiss Richardson 1836) populations in 
littoral zones of eight South Island, New Zealand alpine lakes 
were compared using gill and seine net sampling during 
summer. Lakes were selected to provide a matrix of lake 
level and water clarity variations and to assess how these 
variables influenced trout abundance (as reflected by catch 
rate), depth distribution, and size. 

Longevity of 
longfinned eels 
Anguilla 
dieffenbachii in a 
New Zealand high 
country lake  

Jellyman, D. J. (1995). 
Longevity of 
longfinned eels 
Anguilla dieffenbachii 
in a New Zealand high 
country lake. Ecology 

of Freshwater 

Fish, 4(3), 106-112. 

A sample of 146 longfinned eels (Anguilla dieffenbachii), 
ranging in length from 231-1203 mm, was collected from 
Lake Rotoiti, Nelson Lakes National Park, New Zealand. 
Otoliths (n= 114) of eels were difficult to read, mainly due to 
the considerable age (maximum age 106 years).  

Effects of invasive 
macrophytes on 
littoral-zone 

Kelly, D. J., & Hawes, I. 
(2005). Effects of 
invasive macrophytes 

Invasion of littoral zones by adventive macrophyte species 
can facilitate major changes in the ecology of lakes. In Lake 
Wanaka, a large alpine New Zealand lake, the 
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productivity and 
foodweb 
dynamics in a 
New Zealand 
high-country lake 

on littoral-zone 
productivity and 
foodweb dynamics in a 
New Zealand high-
country lake. Journal of 
the North American 
Benthological 
Society, 24(2), 300-
320. 

macrophytes Lagarosiphon major and Elodea 
canadensis (Hydrocharitaceae) have invaded parts of the 
lake where they form tall dense plant beds throughout mid-
depths (2–7 m) of the littoral zone.  

Data and 
literature review 
on South Island 
rivers affected by 
the invasive non-
indigenous alga 
Didymosphenia 
geminate 

Kilroy, C. (2008); Data 
and literature review 
on South Island rivers 
affected by the 
invasive non-
indigenous alga 
Didymosphenia 
geminate.  NIWA Client 

Report: CHC2008-078 

Review of information available on Didymosphenia geminate 

Didymo in New 
Zealand ten years 
on 

Kilroy, C. (2014); 
Didymo in New 
Zealand ten years on. 
NIWA Newsletter: 
https://www.niwa.co.n
z/freshwater-and-
estuaries/freshwater-
and-estuaries-
update/freshwater-
update-62-september-
2014/didymo-in-new-
zealand-ten-years-on 

Review of status of Didymosphenia geminate 10 years on 
from initial discovery. 

Effects of riparian 
willow trees (Salix 
fragilis) on 
macroinvertebrat
e densities in two 
small Central 
Otago, New 
Zealand, streams 

Lester, P.J., Mitchell, 
S.F. and Scott, D., 
1994. Effects of 
riparian willow trees 
(Salix fragilis) on 
macroinvertebrate 
densities in two small 
Central Otago, New 
Zealand, streams. New 

Zealand journal of 

marine and freshwater 

research, 28(3), 
pp.267-276. 

The effects of an introduced willow tree species (Salix 
fragilis) on the densities of macroinvertebrates were 
examined in two Central Otago, New Zealand, streams 
during 1991. Significantly lower invertebrate densities and 
biomass were observed in willow-lined sections of the 
streams than in nearby open sections in summer, autumn, 
and winter. The effect was not associated with differences in 
the amount of fine paniculate organic matter, stone surface 
organic layer biomass, or chlorophyll a concentration, which 
were similar it open and willow-shaded sites. Amounts of 
coarse paniculate organic matter (> 5 mm) were significantly 
higher in willow-shaded riffles, but this did not result in 
increased abundance or biomass of shredders. The 
decreased invertebrate densities probably result from a 
decrease in average substrate size and/or a lowering of food 
production through shading effects. 

Lindavia 
intermedia in 
New Zealand's 
fresh waters 

NIWA (2018). Lindavia 
intermedia in New 
Zealand's fresh waters, 
prepared for Otago 

Regional Council 

The earliest records of L. intermedia or "lake snow" in New 
Zealand lakes remain two samples collected in 2002 from 
Lake Hayes and Avienmore. By 2005 lake snow was 
widespread in New Zealand. Only two North Island lakes are 
currently known to be positive but this could be partly 
because of a lack of samples. It has been a problem in Lake 
Wanaka since 2004, degrading recreational values and 
blocking water intakes. Because lake snow was not detected 
in a sample from Lake Wanaka collected in October 1998, 
this suggests the incursion was after 1998. Since 2013 Lake 
Hawea has had lake snow be reported. 
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The diatom 
Lindavia 
intermedia 
identified as the 
producer of 
nuisance pelagic 
mucilage in lakes 

Novis, P., Schallenberg, 
M., Saulnier-Talbot, É., 
Kilroy, C. and Reid, M., 
2017. The diatom 
Lindavia intermedia 
identified as the 
producer of nuisance 
pelagic mucilage in 
lakes. New Zealand 

Journal of 

Botany, 55(4), pp.479-
495. 

Populations of a centric diatom that produces copious 
extracellular polymeric substance (EPS), or ‘lake snow’, have 
developed in several large microtrophic lakes in New Zealand 
over the past 10 years. It was first noticed in Lake Wanaka in 
the early 2000s and in Lake Hawea in 2016. The species has 
been reported from a handful of other lakes in New Zealand. 
Light and ultrastructural microscopic studies of New Zealand 
populations, DNA sequencing and comparison with 
published descriptions identify the causative species as 
Lindavia intermedia, part of the ‘bodanicoid’ complex. These 
species are best known from the Northern Hemisphere 
where they are regarded as confined to nutrient-poor 
habitats, frequently having disappeared from European lakes 
as the lakes underwent eutrophication. Lake snow is known 
from a small number of other lakes in the Northern 
Hemisphere, but no evidence has been reported linking L. 
intermedia to the production of lake snow in these lakes. 
The expected growth characteristics (slow and at depth) of L. 
intermedia pose difficulties for any prospective containment 
campaign. 

Queenstown 
Lakes District 
Wastewater 
Overflow 
Discharge 
Network Consent: 
Assessment of 
Ecological Effects 

Olsen, D. (2019); 
Queenstown Lakes 
District Wastewater 
Overflow Discharge 
Network Consent: 
Assessment of 
Ecological Effects. 
Ryder Environmental 

Limited client report. 

Assessment of ecological effects for QLDC resource consent 
application 

Management 
Flows for Aquatic 
Ecosystems in 
Luggate Creek 

Otago Regional Council 
(ORC) (2006); 
Management Flows for 
Aquatic Ecosystems in 
Luggate Creek. Otago 

Regional Council 

Report. 

Scientific technical report on Luggate Creek ecology and 
hydrology 

Didymo in Otago, 
2008 

Otago Regional Council 
(ORC) (2008); Didymo 
in Otago, 2008. Surface 

water quality fact 

sheet 

ORC factsheet on Didymosphenia geminate 

Relationships 
between water 
level fluctuations 
and vegetation 
diversity in 
shallow water of 
New Zealand 
lakes 

Riis, T., & Hawes, I. 
(2002). Relationships 
between water level 
fluctuations and 
vegetation diversity in 
shallow water of New 
Zealand lakes. Aquatic 

Botany, 74(2), 133-148. 

Hydrological and vegetation data from 21 New Zealand lakes 
were used in the study, to assess how water level 
fluctuations affected the diversity of a low-growing species-
rich littoral plant community (here LMC). In each lake the 
vegetation was surveyed using a SCUBA protocol.  Lake level 
data recorded at fixed gauges in each lake from the 5 or 10 
years prior to the survey. 

Effect of wave 
exposure on 
vegetation 
abundance, 
richness and 
depth distribution 
of shallow water 
plants in a New 
Zealand lake 

Riis, T., & Hawes, I. A. 
N. (2003). Effect of 
wave exposure on 
vegetation abundance, 
richness and depth 
distribution of shallow 
water plants in a New 
Zealand 

The effects of physical disturbance in terms of wave 
exposure, shore slope and substrate mobility on the 
presence, species richness, cover and depth limits of the 
low‐growing, shallow water macrophyte community (called 
the low mixed community) were examined at 41 shore sites 
in Lake Wanaka, South Island, New Zealand. 
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lake. Freshwater 

Biology, 48(1), 75-87. 

Depth 
Distribution and 
Abundance of the 
Common Bully, 
Gobiomorphus 
cotidianus 
(Eleotridae), in 
Three 
Oligotrophic New 
Zealand Lakes, 
One of which is 
Turbid 

Rowe, D. K., Nichols, S., 
& Kelly, G. R. (2001). 
Depth distribution and 
abundance of the 
common bully, 
Gobiomorphus 
cotidianus (Eleotridae), 
in three oligotrophic 
New Zealand lakes, 
one of which is 
turbid. Environmental 
Biology of 
Fishes, 61(4), 407-418. 

The depth distribution of the common bully, Gobiomorphus 
cotidianus, a small benthic forage fish, was measured by 
trapping at set depths from 0–70 m in three large 
oligotrophic lakes, including one where inorganic sediment 
from a glacially-fed river produces turbid conditions. Bullies 
occurred at all depths from 0.5–70 m in the clear lakes, but 
none were present below 25 m in the turbid lake. 

Influence of 
turbidity and 
fluctuating wave 
levels on the 
abundance and 
depth distribution 
of small, benthic 
fish in New 
Zealand alpine 
lakes 

Rowe, D., Graynoth, E., 
James, G., Taylor, M., 
& Hawke, L. (2003). 
Influence of turbidity 
and fluctuating water 
levels on the 
abundance and depth 
distribution of small, 
benthic fish in New 
Zealand alpine 
lakes. Ecology of 
Freshwater Fish, 12(3), 
216-227. 

Minnow trapping was used to determine the distribution and 
abundance of two small, benthic species of fish, common 

bullies (Gobiomorphus cotidianus) and kōaro (Galaxias 
brevipinnis), in five oligotrophic lakes varying in both 
turbidity and the extent of water‐level variation. 

Ecosystem 
Services of Lakes 

Schallenberg, M., de 
Winton, M. D., 
Verburg, P., Kelly, D. J., 
Hamill, K. D., & 
Hamilton, D. P. (2013). 
Ecosystem services of 
lakes. In Ecosystem 
services in New 
Zealand: conditions 
and trends. Manaaki 
Whenua Press, Lincoln, 
203-225. 

Lakes provide a wide range of ecosystem services. We 
compile information on ecosystem services, focusing on 
those that are a result of lake ecological functioning. The key 
species, habitats, and processes underpinning important lake 
ecosystem services are discussed. The current status and 
trends in these services are assessed by examining recent 
data on lake ecological indicators. These allow inferences to 
be made on the current state and trends of lake ecosystem 
services, while also pointing to the main anthropogenic 
pressures that threaten these services.  

Predictors of 
pesticide 
concentrations in 
freshwater trout - 
The role of life 
history 

Scholes, R.C., 
Hageman, K.J., Closs, 
G.P., Stirling, C.H., 
Reid, M.R., 
Gabrielsson, R. and 
Augspurger, J.M., 
2016. Predictors of 
pesticide 
concentrations in 
freshwater trout–The 
role of life history. 
Environmental 
pollution, 219, pp.253-
261. 

Correlations of pesticide concentrations in freshwater brown 
trout from the Clutha River were evaluated. An increase in 
trophic level corresponded to elevated HCB concentrations 
in Lake Hawea trout. 
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Analysis of 
relationships 
between 
maximum depth 
limits of aquatic 
plants and 
underwater light 
in 63 New 
Zealand lakes 

Schwarz, A. M., 
Howard‐Williams, C., & 
Clayton, J. (2000). 
Analysis of 
relationships between 
maximum depth limits 
of aquatic plants and 
underwater light in 63 
New Zealand 
lakes. New Zealand 
Journal of Marine and 
Freshwater 
Research, 34(1), 157-
174. 

Data from 63 New Zealand lakes were analysed to determine 
latitudinal and other patterns in the relationship between 
water clarity and the maximum recorded depths for 
submerged aquatic macrophytes (Zc). 

The role of 
photosynthesis/li
ght relationships 
in determining 
lower depth limits 
of Characeae in 
South Island, New 
Zealand lakes 

Schwarz, A. M., I. 
Hawes, I., & Howard‐
Williams, C. (1996). 
The role of 
photosynthesis/light 
relationships in 
determining lower 
depth limits of 
Characeae in South 
Island, New Zealand 
lakes. Freshwater 
Biology, 35(1), 69-80. 

The maximum depth of colonization of aquatic macrophytes 
(Zc) was investigated in eighteen South Island, New Zealand 
lakes. The downward attenuation coefficient for 
photosynthetically active radiation (Kd(PAR)) was calculated 
and the spectral characteristics of the lakes determined with 
a spectroradiometer. From measurements of the 
photosynthetic properties the depth at which daily 
photosynthesis would be equal to zero was calculated for 
each day of the year. 

A survey of 
macroinvertebrat
e communities in 
seventeen South 
Island lakes 

Stark, J.D. (1993). A 
survey of 
macroinvertebrate 
communities in 
seventeen South Island 
lakes. Prepared for the 
Electricity Corporation 
of New Zealand. 
Cawthron Report No. 
229. 36 p. 

Survey of macroinvertebrate communities in South Island 
lakes 

Early life history 
of a landlocked 
amphidromous 
fish: migration, 
critical traits and 
ontogeny  

Augspurger, J. M. 
(2017). PhD thesis, 
University of Otago, 
Dunedin, New Zealand. 

The thesis examines the role of early life-history in 
distribution and population structuring leading to 
divergence, and potentially speciation, by evaluating short 
and long term population structuring mechanisms, and the 
role of early life-history alteration in landlocked populations 
of Galaxias brevipinnis in Lake Wanaka (among other 
locations). 

Impact of partial 
removal of the 
invasive 
macrophyte 
Lagarosiphon 
major 
(Hydrocharitacea
e) on 
invertebrates and 
fish 

Bickel, T. O., Closs, G. 
P. (2009). Impact of 
partial removal of the 
invasive macrophyte 
Lagarosiphon major 
(Hydrocharitaceae) on 
invertebrates and fish. 
River Research and 
Applications, 25, 734-
744. 

We conducted a macrophyte removal experiment, that is the 
cutting of channels into dense macrophyte beds, to 
investigate the impact of mechanical macrophyte control on 
invertebrate and fish communities in a littoral zone 
dominated by the invasive macrophyte Lagarosiphon major. 
The results of this study indicated that partial mechanical 
removal is a suitable option to control unwanted 
macrophyte stands. The experiment was conducted in Lake 
Dunston. 
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Predictors of 
invasion success 
by Daphnia 
species: influence 
of food, 
temperature and 
species identity 

Burns, W. C. (2013) 
Predictors of invasion 
success by Daphnia 
species: influence of 
food, temperature and 
species identity 
Biological Invasions, 
15, 859-869. 

Larger population densities of D. ‘pulex’ compared to D. 
carinata at higher temperatures and food level, and larger 
densities of D. carinata at low temperatures, imply a 
potential for both species to coexist in New Zealand lakes, 
facilitated by seasonal succession; increased water 
temperature and nutrient input associated with climate and 
land use changes appear likely to promote the wider 
establishment of D. ‘pulex’, with both negative and positive 
implica- tions for the conservation and management of New 
Zealand’s freshwater ecosystems. 

Quick survey of 
aquatic plants in 
Lake Wanaka 

Clayton, J. S. (1983). 
Quick survey of aquatic 
plants in Lake Wanaka. 
In: Hoare, R. A. ed. 
Design of water quality 
surveys. Miscellaneous 
Water & Soil 
Publication No. 63. 
Wellington, Ministry of 
Works and 
Development. pp. 211–
227.  

 

A survey of 
waterfowl for 
echinostomes 
and schistosomes 
from Lake 
Wanaka and the 
Waitaki River 
watershed, New 
Zealand 

Davis, N. E. (2006). A 
survey of waterfowl for 
echinostomes and 
schistosomes from 
Lake Wanaka and the 
Waitaki River 
watershed, New 
Zealand. Journal of 
Helminthology, 80(1), 
33-40. 

Waterfowl from Lake Wanaka and the Waitaki Lakes 
watershed of New Zealand's South Island were surveyed to 
find natural hosts with adult echinostomes and schistosomes 
to provide sufficient numbers of eggs for laboratory studies. 
The Canada goose was found to host an echinostome 
determined to be a New Zealand strain of Echinostoma 
revolutum. The New Zealand scaup concurrently hosts three 
species of echinostomes plus two species of avian 
schistosomes. 

Lake snow 
technical 
workshop, 20 
December 2016. 
Report on 
workshop 
discussions and 
outcomes. 

Ryder, G. (2017). Lake 
snow technical 
workshop, 20 
December 2016. 
Report on workshop 
discussions and 
outcomes. Prepared 
for the Otago Regional 
Council. Ryder 
Consulting Limited. p. 
19. 

Late last year, Otago Regional Council (ORC) staff organised 
and hosted a technical workshop to discuss aspects 
associated with the lake snow phenomena that has 
developed in some of Otago’s largest alpine lakes in recent 
years. The invited participants represented a mix of New 
Zealand based algae and lake experts, regional council 
freshwater scientists and biosecurity staff along with ORC 
management. This report describes the workshop and its 
proceedings. 

Deep-water 
bryophyte 
records from new 
Zealand lakes 

deWinton, M. D., 
Beever, J. E. (2004). 
Deep-water bryophyte 
records from new 
Zealand lakes. New 
Zealand Journal of 
Marine and Freshwater 
Research, 38, 329-340. 

Review of Bryophyte characteristics and occurrence in Lake 
Wanaka, among others. 
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Spread and status 
of seven 
submerged pest 
plants in New 
Zealand lakes 

deWinton, M. D., 
Champion, P. D., 
Clayton, J. S., Wells, R. 
D. S. (2009). Spread 
and status of seven 
submerged pest plants 
in New Zealand lakes. 
New Zealand Journal of 
Marine and Freshwater 
research, 43(2), 547-
561. 

The distribution of seven submerged aquatic pest plants is 
reported. Lake vegetation surveys recorded pest plants in 
27.9% of 344 lakes, with two species co-occurring in 5.8%, 
and three species in 2.6% of lakes. Egeria densa was most 
frequent(15.4% of lakes), followedbyCeratophyllum 
demersum (9.0%), Lagarosiphon major (7.3%), and 
Utricularia gibba (5.5%). Spread since 2000 has continued for 
five pest plants, with 34 lakes invaded by U.gibba over 2004-
08 alone.  

Strategic review 
of the ten year 
Lagarosiphon 
management plan 
for Lake Wanaka 

deWinton, M. D., 
Clayton, J. (2016). 
Strategic review of the 
ten year Lagarosiphon 
management plan for 
Lake Wanaka. 
Prepared for Land 
Information New 
Zealand and Boffa 
Miskell. P. 42. 

This document presents a vision statement, and interrelated 
goals, objectives and milestones to guide management over 
the next five to ten years. Information on the ecology and 
status of lagarosiphon and likely impacts on the values of 
Lake Wanaka and Otago Region is provided as background to 
the nature and need for management. A description of the 
current status of lagarosiphon provides a benchmark against 
which future progress can be judged. The document also 
outlines some risks to the programme that should be 
recognised and mitigated as far as possible. 

Lake Wanaka 
preservation Act 
1973 

  

Lake Wanaka 
water level 
preservation 

George, Mr. (1969). 
Lake Wanaka water 
level preservation. 
Wellington, New 
Zealand. Printed under 
the authority of the 
New Zealand 
Government. 

An Act to provide for the preservation of the water of Lake 
Wanaka within its natural range of shore levels  

Geomorphology/Geology  

Gully Erosion at 
Reko's Bluff, 
Clutha River, 
Luggate 

Geosolve (2018). Gully 
Erosion at Reko's Bluff, 
Clutha River, Luggate. 
Report prepared for 
the Otago Regional 
Council. GeoSolve Ref: 

180435 

Despite erosion of gullies by runoff from the terrace surface 
typically occurs over hundreds or thousands of years, the 
gully formation from major rainfall at Reko's Bluff since 2015 
represents a major acceleration of the erosion process. The 
main cause of the accelerated erosion is considered to be 
increased runoff during heavy rainfall events, following a 
change in land use in 2014 from tussock grassland to pasture 
for dairy farming. During rainstorms, runoff from the terrace 
can flow down outwash channel depressions and spill into 
the gullies, initiating debris flows and stream erosion. If no 
mitigation works are carried out, the existing erosion gullies 
are expected to continue to retrogress and expand in width 
via rainfall induced debris flows and fluvial erosion until 
stable gully gradients are achieved. This has the potential to 
be a safety risk to the public. Potential mitigation works 
include infiltration systems installed across the runoff flow 
paths, and a system of diversion bunds and channels 
intersect and divert flows approaching the terrace edge. 



 106 

Geological Map of 
New Zealand 
1:250,000. GNS 
Science 
Geological Map 1 
(2nd ed.) 

Heron D.W., 
(custodian), 2018, 
Geological Map of New 
Zealand 1:250,000. 
GNS Science Geological 
Map 1 (2nd ed.). Lower 
Hutt, New Zealand.: 
Institute of Geological 
and Nuclear Sciences. 

Geological Map of New Zealand 

Evidence of a 
post-glacial rock 
avalanche impact 
on Lake Wanaka, 
New Zealand 

Halliday, G. S. (2016). 
Evidence of a post-
glacial rock avalanche 
impact on Lake 
Wanaka, New Zealand. 
In: Landslides and 
engineered slopes: 
Experience, Theory and 
Practice, Vols 1-3, eds. 
Aversa, S., Cascini, L., 
Picarelli, L., Scavia, C. 
12th International 
Symposium on 
Landslides, 
Proceedings paper. 

The Lake Wanaka Rock Avalanche is a large translational 
rockslide (est. volume 5-10 x 10(6) m) near the head of Lake 
Wanaka in the Southern Alps. Failure occurred in the early 
post-glacial era, on steep schist slopes weakened by 
toppling. The rock avalanche impacted the lake and a large 
tsunami is inferred. The trigger was likely a seismic event or 
extreme rainfall. There is a high probability of an Mw 8 
earthquake on the nearby Alpine Fault (Australian-Pacific 
plate boundary) in the next 50 years. 

History  

Landforms 
chapter in Darby 
et al. eds., The 

Natural History of 

Southern New 

Zealand 

Craw, D. and Norris, 
R.J., 2003, ‘Landforms’, 
chapter in Darby et al. 
eds., The Natural 

History of Southern 

New Zealand, Dunedin: 
University of Otago 
Press. 

Description of landforms in Southern New Zealand 

Geology chapter 
in Darby et al. 
eds., The Natural 

History of 

Southern New 

Zealand 

Reay, T., 2003, 
‘Geology’, chapter in 
Darby et al. eds., The 

Natural History of 

Southern New Zealand, 
Dunedin: University of 
Otago Press. 

Description of geology in Southern New Zealand 

Photograph of 
Hawea Dam 

Martin, J. E., (2010). 
Hydroelectricity - 
Hydro and the 
environment. Te Ara - 

the Encyclopedia of 

New Zealand, 
http://www.TeAra.gov
t.nz/en/photograph/22
475/lake-Hāwea-dam 
(accessed 27 June 
2019) 

Historical Photograph of Hawea Dam 

Wanaka and 
Surrounding 
Districts 

Roxburgh, I., 1990, 
Wanaka and 
Surrounding Districts. 

Historical description of Wanaka and Surrounding Districts 

Hydrology and hydrogeology 
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Integrated Water 
Resource 
Management for 
the Cardrona 
River 

Dale, D. & Rekker, J. 
(2011); Integrated 
Water Resource 
Management for the 
Cardrona River. Otago 

Regional Council 

technical report. 

Scientific technical report on water resources in the 
Cardrona River catchment 

Pre-Feasibility 
Assessment: 
Managed Aquifer 
Recharge, 
Wanaka-Cardrona 

Golder Associates, 
2015, Pre-Feasibility 
Assessment: Managed 
Aquifer Recharge, 
Wanaka-Cardrona, 
prepared for Otago 
Regional Council. 

Assessment of feasibility of managed aquifer recharge in 
Wanaka-Cardrona area 

Regional 
Hydrology of the 
Clutha River 

Murray, D.L., 1975. 
Regional Hydrology of 
the Clutha River, 
Journal of Hydrology 

(New Zealand), 14, 2, 
pp. 83-98. 

Description of the regional hydrology of the Clutha River and 
its catchment 

Water 
Management 
ORC key projects 

Otago Regional Council 
(2018), Water 
Management ORC key 
projects 

Plan sampling for groundwater quality investigations in the 
Lake Wanaka catchment including identification of bores 
available for sampling, and install bores where necessary 

Aquifers, 
Groundwater 
Zones, 
Groundwater 
Protection Zones, 
and Seawater 
Intrusion Risk 
Zones Maps 

Otago Regional Council 
(ORC) (2015); Aquifers, 
Groundwater Zones, 
Groundwater 
Protection Zones, and 
Seawater Intrusion Risk 
Zones Maps. Regional 

Plan: Water for Otago 

Planning maps of Otago Aquifers 

Minimum Flows 
technical 
information 8th 
August 2018 

Otago Regional 
Council, (8th August 
2018). Minimum Flows 
technical information, 
Cardrona technical 

session 

Cardrona dries naturally and likely to be for 60 a year in 
total. Flow recession/recovery is primarily a natural process. 
Although setting a minimum flow at/below Mt. Barker won't 
fast track or maintain connectivity, it may have large 
implications for the aquifer, SH6 flows and Bullock Creek as 
well as fish habitat and water surety for farmers. Proposed 
minimum flow: 700 summer, 2000 in winter 

Update of 
scientific 
information for 
the Cardrona 
catchment: 2011-
2017 

Ravenscroft, P., 
Ziaofeng, L., Mohssen, 
M., Augspurger, J., 
Olsen, D. (2018); 
Update of scientific 
information for the 
Cardrona catchment: 
2011-2017. Otago 

Regional Council 

Report. 

Summarises and upgrades work undertaken since 2011 and 
discusses implications for the minimum flow process in the 
Cardrona River catchment. It looks at the hydrology and 
existing water allocation and aquatic in-stream values of the 
river. It also analyses results of instream flow and habitat 
modelling to maintain aquatic ecological values in the 
Cardrona River. Temperature, flow and rainfall were 
monitored at sites. There are 25 existing surface water-takes 
in the Cardrona River catchment, with a total allocation of an 
approximately 2.0 m3/s, although the measured usage is 
considerably lower.  The results of this study suggest surface 
reaches of the Cardrona River downstream of Ballantyne 
Road are expected to dry naturally in most years, even under 
naturalised conditions, due to losses to groundwater or the 
hyporheic zone. Of all the fish in the Cardrona catchment, 
brown trout and rainbow trout are likely to be the most 
sensitive to high water temperatures. 
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Wānaka 
Groundwater 
Model Report 

Thomas, N. (2018); 
Wānaka Groundwater 
Model Report. PDP 

Client Report 

C03577502 

Wānaka Groundwater Model Report prepared by PDP. 

Hāwea Basin 
Groundwater 
Review 

Wilson, S., 2012, 
Hāwea Basin 
Groundwater Review, 
Otago Regional Council 

report 

Hāwea Basin Groundwater Review 

Land use  

Spatially explicit 
modelling of the 
impacts of 
landuse and land-
cover change on 
nutrient inputs to 
an oligotrophic 
lake 

Fuentes, R., León-
Muñoz, J. and 
Echeverría, C., 2017. 
Spatially explicit 
modelling of the 
impacts of land-use 
and land-cover change 
on nutrient inputs to 
an oligotrophic 
lake. International 

Journal of Remote 

Sensing, 38(24), 
pp.7531-7550. 

This study aims to gain further understanding of the 
influence of land-use and land-cover changes on aquatic 
systems characterised by high quality standards. In this 
study, a spatially explicit model (N-SPECT) was applied to 
assess whether, in southern-central Chile, the recent land 
use change could alter the nutrient input to oligotrophic 
lakes (total nitrogen (TN) and total phosphorus (TP)). The 
results indicate that to preserve and/or restore the quality of 
aquatic south-central Chilean ecosystems, it is necessary to 
modify the current land use: (1) to fundamentally stop the 
temperate forest degradation and (2) to regulate the 
expansion of agricultural land in steeper and higher areas. 

River water 
quality changes in 
New Zealand over 
26 years: 
response to land 
use intensity 

Julian, J.P., Beurs, 
K.M.D., Owsley, B., 
Davies-Colley, R.J. and 
Ausseil, A.G.E., 2017. 
River water quality 
changes in New 
Zealand over 26 years: 
response to land use 
intensity. Hydrology 

and Earth System 

Sciences, 21(2), 
pp.1149-1171. 

In this work they test whether land use intensity – the inputs 
(fertilizer, livestock) and activities (vegetation removal) of 
land use – is a better predictor of environmental impact. 
They use New Zealand as a case study and interpreted water 
quality state and trends for the 26 years from 1989 to 2014 
in the National Rivers Water Quality Network (NRWQN) – 
consisting of 77 sites on 35 mostly large river systems.     
Using simple multivariate statistical analyses across the 77 
catchments, they found that median visual water clarity was 
best predicted inversely by areal coverage of intensively 
managed pastures. The primary predictor for all four 
nutrient variables (TN, NOx , TP, DRP), however, was cattle 
density, with plantation forest coverage as the secondary 
predictor variable. While land disturbance was not itself a 
strong predictor of water quality, it did help explain outliers 
of land use–water quality relationships. 

Land-use impacts 
on freshwater 
and marine 
environments in 
New Zealand 

Larned, S., Booker, D., 
Dudley, B., Moores, J., 
Monaghan, R., Baillie, 
B., Schallenberg, M., 
Moriarty, E., Zeldis, J., 
Short, K. (2018); Land-
use impacts on 
freshwater and marine 
environments in New 
Zealand. NIWA Client 

Report 2018127CH 

Report prepared by NIWA for MfE that outlines the Pressure-
State-Impact concept and its application to monitoring 
environmental state in New Zealand.  Highlights the need to 
better understand the complex relationships between 
environmental pressures and the resulting impacts. 
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The combined 
impact of land 
use change and 
aquaculture on 
sediment and 
water quality in 
oligotrophic Lake 
Rupanco (North 
Patagonia, Chile, 
40.8S) 

León-Muñoz, J., 
Echeverría, C., Marcé, 
R., Riss, W., Sherman, 
B. and Iriarte, J.L., 
2013. The combined 
impact of land use 
change and 
aquaculture on 
sediment and water 
quality in oligotrophic 
Lake Rupanco (North 
Patagonia, Chile, 40.8 
S). Journal of 

environmental 

management, 128, 
pp.283-291. 

This study looked at the combined influences of land use 
change and salmon farming on the nutrient concentrations 
in an oligotrophic, temperate lake in North Patagonian, Lake 
Rupanco. Four sub-watersheds were examined ranging in 
disturbance from near pristine forest, to 53% converted, to 
cropping, to pasture. Nitrogen exports from the tributary 
subwatersheds increased from 33 kg TN/km2/y to 621 kg 
TN/km2/y as the proportion of crop and pastureland 
increased. 

Land use effects 
on habitat, water 
quality, 
periphyton, and 
benthic 
invertebrates in 
Waikato, New 
Zealand, hill‐
country streams 

Quinn, J.M., Cooper, 
A.B., Davies‐Colley, 
R.J., Rutherford, J.C. 
and Williamson, R.B., 
1997. Land use effects 
on habitat, water 
quality, periphyton, 
and benthic 
invertebrates in 
Waikato, New Zealand, 
hill‐country 
streams. New Zealand 

journal of marine and 

freshwater 

research, 31(5), 
pp.579-597. 

 Water quality, habitat, and biota were compared during 
spring amongst 100 m reaches on 11 streams draining 
pasture, native (podocarp broadleaf) forest, and exotic pine 
forest. Differences were greatest between the pasture and 
native forest streams. Only 1-3% of incident light reached 
native and pine forest streams whereas 30% reached pasture 
streams. Pasture streams had 2.2°C higher mean 
temperature than the native streams, and 5-fold higher 
nitrate, 30-fold higher algal biomass, and 11-fold higher 
gross photosynthesis. Native streams were 60% wider than 
pasture, with pine streams intermediate. Pine and pasture 
streams had 3-fold higher suspended solids and fine 
sediment stored in the streambed than native streams. 
Woody debris volume was 17-fold greater in pine than 
pasture streams, with native streams intermediate. 
Invertebrate taxa richness did not differ between land uses. 

Application of a 
Three-
Dimensional 
Water Quality 
Model as a 
Decision Support 
Tool for the 
Management of 
Land-Use 
Changes in the 
Catchment of an 
Oligotrophic Lake 

Trolle, D., Spigel, B., 
Hamilton, D.P., Norton, 
N., Sutherland, D., 
Plew, D. and Allan, 
M.G., 2014. 
Application of a three-
dimensional water 
quality model as a 
decision support tool 
for the management of 
land-use changes in 
the catchment of an 
oligotrophic 
lake. Environmental 

management, 54(3), 
pp.479-493. 

We undertook a modelling study to demonstrate science-
based options for consideration of agricultural intensification 
in the catchment of Lake Benmore. Based on model 
simulations of a range of potential future nutrient loadings, 
it is clear that different areas within Lake Benmore may 
respond differently to increased nutrient loadings. This study 
provides a basis for use of model results in a decision-making 
process by outlining the environmental consequences of a 
series of land-use management options and quantifying 
nutrient load limits needed to achieve defined trophic state 
objectives. 

Environmental management 
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Improving 
waterway 
management 
through 
collaborative 
research: insights 
from the 
Melbourne 
Waterway 
Research-Practice 
Partnership 

Coleman, R.A., 
Bathgate, R., Bond, N., 
Bos, D., Fletcher, T.D., 
Lovell, B., Morison, P. 
and Walsh, C.J., 2016. 
Improving waterway 
management 
outcomes through 
collaborative research: 
insights.  Melbourne 

Waterway Research-

Practice Partnership. 

New South Wales. 

The Melbourne Waterway Research-Practice Partnership 
(MWRPPP) is a new model of waterway management 
research, focussing on applied research and knowledge 
exchange. It emphasises active knowledge exchange 
ensuring shared understanding of management problems 
and opportunities. The MWRPP has a dual focus of 1) applied 
research to underpin the improved management of urban 
and rural waterways and 2) knowledge exchange that 
integrates research findings and broader science with 
Melbourne water activities.  Knowledge exchange is 
incorporated early in the research project development and 
implementation process and planned and delivered with 
strategic oversight and coordination by the two knowledge 
brokers, who are responsible for developing a Knowledge 
Exchange Plan (KEP) that guides key activities on an annual 
basis. Success depends on commitment of the researchers in 
communicating outcomes and the commitment of 
stakeholders to work with the researchers to adopt and use 
the research outcomes. 

Otago Regional 
Council's 
response to lake 
snow: A planner's 
evaluation 

Dwyer, S.K., 2017, 
Otago Regional 
Council's response to 
lake snow: A planner's 
evaluation 

A study of the environmental management response to Lake 
Snow in Otago, using Lake Wānaka as a key case study. 

Decision 
Framework for 
the Management 
of Lake Taupo 

Howard -Williams, C. 
(2013). Lake Wānaka – 
For better or worse? 
Planning for the future.  
Guardians of Lake 

Wānaka (2013); 
Seminar Proceedings 

The first early scientific warning trends for Lake Taupo were 
algal blooms and the greater depletion rate of oxygen. Lake 
Wanaka currently has low oxygen depletion rate, indicating a 
healthy state, however because of the long residence time, it 
is too late for action once effects are clear at surface level. 
The key thing which came out of the Taupo 2020 
consultation was an agreed set of values, which could be 
relevant to the Lake Wanaka situation. A focus of effort was 
concentrated on the regulation and controls required to 
maintain clear water, particularly minimising nitrogen levels. 
The current process caps nutrient loads and to reduce N 
loads by 20% through purchasing dairy farms, converting 
farms etc. Nitrogen trading is still allowed to encourage 
changes in land use. Lake Taupo serves as an example of the 
costs needed to install controls once problems are 
recognised. 

Regional Plan: 
Water for Otago 

Otago Regional Council 
(ORC) (2016); Regional 
Plan: Water for Otago. 
Regional Plan 

Document 

Regional Water Plan document 

Ki uta ki tai from 
the mountains to 
the sea influences 
setting of 
freshwater 
management 
units by Otago 
Regional Council 

Otago Regional Council 
(ORC) (2019); Media 
Release – 03 April 
2019.  
https://www.orc.govt.
nz/news-and-
events/news-and-
media-
releases/2019/april/ki-
uta-ki-tai-from-the-
mountains-to-the-sea-

Information on propose Freshwater Management Units 
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influences-setting-of-
freshwater-
management-units-by-
otago-regional-council 

Social 

The Impact of 
Climate 
Variability on 
Tourism 
Businesses in 
Wanaka and 
Queenstown  

Becken, S., Wilson, J., 
Hendrikx, J., & Hughey, 
K. F. (2010). The 
impact of climate 
variability on tourism 
businesses in Wanaka 
and Queenstown. 

Interviews with 27 tourism operators in Wanaka and 
Queenstown were undertaken to better understand 
sensitivity to climate/weather and coping mechanisms. · 
Most businesses are sensitive to more than one climatic 
condition (or weather event), either directly or indirectly. 
Most commonly, strong winds and heavy rain were found to 
affect tourism operations. · Weather events increase 
operating costs (e.g. evacuation, higher maintenance costs) 
and are responsible for loss of revenue (e.g. cancellations). 

Perceptions of 
the environment: 
What New 
Zealanders think 

Colmar Brunton, 2018, 
Perceptions of the 
environment: What 
New Zealanders think, 
Research report for 

Fish and Game NZ 

Fish and Game commissioned report on perceptions of NZ 
environment. 

Lake Tourism in 
New Zealand: An 
Overview 

Hall, C. M., & Stoeffels, 
M. (2003, July). Lake 
tourism in New 
Zealand: an overview. 
In International Lake 
Tourism Conference 
(pp. 2-5). 

The notion of ‘clean and green’ is inextricably linked to the 
international perception and imaging of New Zealand 
tourism (Hall and Kearsley 2001). Crystal clear water, green 
mountains and valleys, and pure white snow, along with the 
portrayal of traditional elements of Maori culture are all 
elements of the development of New Zealand tourism as 
‘100% Pure’. For example, a 2003 presentation from Tourism 
New Zealand, the country’s international tourism marketing 
organisation, noted that what brings tourists to New Zealand 
was ‘fiords and mountain ranges’ among other natural and 
cultural products (Tourism New Zealand 2003a). In addition 
to ‘100% Pure’ the promotional campaigns developed by 
Tourism New Zealand in recent  years have used the slogans 
such as ‘100% Pure Adventure’, ‘100%  Pure Solitude’ and 
‘100% Pure Adrenaline’ and have featured images of ‘iconic 
freshwater bodies including the Southern Lakes, the thermal 
waters of Rotorua  and most recently, Lake Rotorua’ 
(Ministry of Tourism 2004: 2).  

Māori in the 
Upper Clutha and 
Beyond: a starting 
point for future 
research 

Hewitt, R., 2013, Māori 
in the Upper Clutha 
and Beyond: a starting 
point for future 
research 

Description of early Māori history in the Upper Clutha area 

Māori in the 
Upper Clutha 
(and beyond). 

Hewitt, R., 2017, Māori 
in the Upper Clutha 
(and beyond). 

Description of early Māori history in the Upper Clutha area 

Foods available to 
the Māori living 
pre-contact in the 
Upper Clutha 
area 

Hewitt, R., 2018, Foods 
available to the Māori 
living pre-contact in 
the Upper Clutha area 

Description of early Māori history in the Upper Clutha area 

Growth 
Projections to 
2058 

Maynard, S. (2017); 
QLDC Growth 
Projections to 2058. 
Rationale Ltd Client 

report to QLDC. 

Demographic study of predicted population growth in QLDC 
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Regional Aspects 
of Tourism in 
New Zealand 

Oppermann, M. 
(1994). Regional 
aspects of tourism in 
New Zealand. Regional 

Studies, 28(2), 155-
167. 

Study of regional tourism in New Zealand  

Wanaka camping 
facilities 

Taylor, R. Wanaka 
Camping Facilities. 

The purpose of this report is to identify and consider the 
options for future camping ground supply in the Wanaka 
area.  This report provides a part of the information that the 
Wanaka community needs to consider in its evaluation of 
the competing uses for the land currently occupied by the 
Wanaka camping ground.  

A new life in the 
mountains: 
changing 
lifestyles among 
in-migrants to 
Wanaka, New 
Zealand. 

Thulemark, M. (2011). 
A new life in the 
mountains: changing 
lifestyles among in-
migrants to Wanaka, 
New 
Zealand. Recreation 

and Society in Africa, 

Asia and Latin 

America, 2(1), 35-50. 

Mountainous areas with a high dependency on its tourism 
industry are often relatively small and remote. But some of 
these areas have faced a population increase due to large in-
migration; Wanaka in New Zealand’s Southern Alps is one 
example. This paper is studying the migration motivations of 
a few individuals that have moved to Wanaka and how they 
started to feel like part of their new community. The 
meaning of the place is important for these newcomers. The 
results of the study indicate that there is a strong link 
between the community and the lifestyle that in-migrants 
are seeking. It also highlights the importance for in-migrants 
to be a part of the social community. Social Clubs, sport 
clubs and voluntary work are ways of becoming a part of a 
social network. 

Research Note: 
Addressing 
Tourism Public 
Policy Issues 
through Attitude 
Segmentation of 
Host 
Communities 

Thyne, M., & Lawson, 
R. (2001). Research 
Note: Addressing 
tourism public policy 
issues through attitude 
segmentation of host 
communities. Current 

Issues in Tourism, 4(2-
4), 392-400. 

The study categorizes locals into Lovers (14% of the total) 
the We Miss Out group (40%) the Self-Interest Supporters 
(30%) and the Critics (16%) in tourist locations all over New 
Zealand to analyse their attitude towards tourism  

The local politics 
of the global 
countryside: 
boosterism, 
aspirational 
ruralism and the 
contested 
reconstitution of 
Queenstown, 
New Zealand 

Woods, M. (2011). The 
local politics of the 
global countryside: 
boosterism, 
aspirational ruralism 
and the contested 
reconstitution of 
Queenstown, New 
Zealand. GeoJournal, 
76(4), 365-381. 

The paper examines the case study of Queenstown Lakes 
district in South Island, New Zealand, as a locality that has 
experienced significant transformation through engagement 
with globalization processes. These include high levels of 
international amenity in-migration, substantial overseas 
investment in property, commerce and construction 
projects, and an increasing volume of international tourists. 
Collectively, these processes have contributed to rapid 
population growth and intensive pressure for the 
development of rural land in the area. As detailed in the 
paper, land use planning became the dominant issue in local 
politics, with conflict between groups informed by 
‘boosterist’ and ‘environmentalist’ standpoints, as well as 
the ‘aspirational ruralism’ of amenity in-migrants.  

Rivers Young, D. and Young, 
A., 2013, Rivers, 
Auckland: Random 
House 

Social history of select rivers in New Zealand including a 
chapter on the Clutha River/Mata Au 

Ecosystem 
services of lakes 

Schallenberg, M., 
deWinton, M. D., Kelly, 
D. J., Hamill, K. D., 
Hamilton, D. P. (2013). 
Ecoystem services of 

We provide evidence that processes that contribute to the 
assimilation and sequestration of nutrients and 
contaminants have deteriorated in many lakes due to land-
use intensification in sensitive lake catchments and to the 
proliferation of non-indigenous invasive species. We also 
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lakes. In: Dymond J. R., 
ed. Ecoystem services 
in New Zealand - 
conditions and trends. 
Manaaki Whenua 
Press, Lincoln, New 
Zealand. 

discuss valuations of lake ecosystem services, which show 
that lakes provide substantial economic benefits to various 
regions of New Zealand.  

Water quality and chemistry  

Water quality 
trends in selected 
shallow lakes in 
the Waikato 
region: 1995-
2001 

Barnes G. (2002). 
Water quality trends in 
selected shallow lakes 
in the Waikato region: 
1995-2001. 
Environment Waikato 

Technical Report No. 

2002/11. 

Scientific technical report on water quality trends in Waikato 
region 

Snapshot of Lake 
Water Quality in 
New Zealand 

Clifford, W., Cocks, J., 
& Wright, L. (2006). 
Waste minimisation 
and landfill life 
expectancy at 
Queenstown Lakes 
District Council 

Summarises which lakes in NZ are surveyed over what period 
and which indicators are used 

Lake Wanaka - 
past, present and 
future 

Schallenberg, M. 
(2013). Lake Wānaka – 
For better or worse? 
Planning for the future.  
Guardians of Lake 

Wānaka (2013); 
Seminar Proceedings 

Pressures facing lake Wanaka include land use change, 
increased presence of non-native species and climate 
change. Climate change projections show that the lake can 
be expected to become warmer and subject to higher 
precipitation. There are already signals that there is more 
water flowing through the lake. There has been a shift in the 
composition of the dominant algae from an extremely small 
organism, Picocyanobacteria, to a larger organism commonly 
found in "lake snow". The question is whether they are a 
biological indicator of the effects of changes in climate and 
land use. Climate change will mean more rainfall and runoff, 
bringing more materials into the lake, as well as likely 
increase in wind-blown dust down the braided river valleys, 
which could potentially also ass nutrients to the lake. 

Land-water 
interactions in 
the Lake Wanaka 
catchment 

Weaver, A. (2013). 
Lake Wānaka – For 
better or worse? 
Planning for the future.  
Guardians of Lake 

Wānaka (2013); 
Seminar Proceedings 

This study looks at whether changing land use patterns are 
causing an increase in nutrients entering the lake, and if so, 
whether this increase is having an adverse effect on the lake. 
It also examines the cycling in the lake and the extent to 
which nutrients entering the lake are taken up by micro-
organisms. The relationship between nutrient build-up and 
the formation of "lake snow" is also examined. 

Influences on the 
Lake: Current 
practices and 
observation of 
effects 

Evans, N. (2013). Lake 
Wānaka – For better or 
worse? Planning for 
the future.  Guardians 

of Lake Wānaka 
(2013); Seminar 

Proceedings 

Additional development in Wanaka increases the impervious 
area, which in turn increases run-off, but infostructure is set 
up in advance of development, so additional discharge is 
handled by the existing reticulation system. Project Pure 
discharges tertiary treated subsurface water 10 km 
downstream of Wanaka. Algae has been blocking filters 
during summer months and relate to problems throughout 
the systems. A backwash is being installed on the western 
intake to reduce algae at that point.  
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Colour 
Classification of 
1486 Lakes across 
a Wide Range of 
Optical Water 
Types 

Lehmann, M., Nguyen, 
U., Allan, M., & van der 
Woerd, H. (2018). 
Colour classification of 
1486 lakes across a 
wide range of optical 
water types. Remote 

Sensing, 10(8), 1273. 

Remote sensing by satellite-borne sensors presents a 
significant opportunity to enhance the spatio-temporal 
coverage of environmental monitoring programmes for 
lakes, but the estimation of classic water quality attributes 
from inland waterbodies has not reached operational status 
due to the difficulty of discerning the spectral signatures of 
optically active water constituents. Determination of water 
colour, as perceived by the human eye, does not require 
knowledge of inherent optical properties and therefore 
represents a generally applicable remotely sensed water 
quality attribute.  

Oxygen 
consumption in 
the epilimnia and 
hypolimnia of two 
eutrophic, warm‐
monomictic lakes 

Mitchell, S.F. and 
Burns, C.W., 1979. 
Oxygen consumption 
in the epilimnia and 
hypolimnia of two 
eutrophic, warm‐
monomictic lakes. New 

Zealand journal of 

marine and freshwater 

research, 13(3), 
pp.427-441. 

Oxygen consumption was estimated for two eutrophic New 
Zealand lakes, Lakes Johnson and Hayes, using a simple 2-
layer model, from estimates of net changes in oxygen, 
phytoplankton photosynthesis, inflow and outflow, diffusion, 
eddy diffusion, and changes in the depth of the thermocline. 
Changes in the oxygen content of the hypolimnion indicate 
that Lake Hayes has become more eutrophic since 1954-55. 
In Lake Johnson low oxygen concentrations at the autumn 
overturn represent a threat to the trout population. 

Water quality 
study: Cardrona 
River catchment, 
April 2016 

Olsen, D. (2016); Water 
quality study: Cardrona 
River catchment, April 
2016. Otago Regional 

Council Report. 

Scientific technical report on water quality in the Cardrona 
catchment 

Water 
Management 
ORC key projects 

Otago Regional Council 
(2018), Water 
Management ORC key 
projects 

State of the Environment: 
~Continue trophic lake sampling (Hayes, Wanaka, Wakatipu 
and Hawea) - ongoing 
~State of the Environment reporting (12 new sites in upper 
lakes area) - ongoing 
~Recreational water quality monitoring (Lake Hayes, Hawea, 
Wanaka and Wakatipu) – ongoing 
Lakes:  
~Lake monitoring buoy deployments (lakes Hayes, Wanaka 
and Wakatipu) - 2018-2019 FY 
~develop a hydrodynamic model for Lake Wanaka to 
understand sustainable nutrient load limits and prepare a 
report outlining the findings of this work -2018-2019 and 
2019-2020 FY 
Lake Snow:  
~Continue to lead research into feasible methods of 
managing the effects of lake snow on water quality - until 
2021 
~Continue lake snow monitoring – ongoing  

Water quality for 
the 
Wanaka/Hawea 
lakes area  

Otago regional council 
(2018). Water quality 
for the Wanaka/Hawea 
lakes area. 

Information sheet of water quality of inflows and lake 
Wanaka 

Otago Lakes’ 
trophic status: 
Lake Hayes, Lake 
Johnson, Lakes 
Onslow, Lake 
Wakatipu, Lake 
Wānaka. 

Otago Regional Council 
(ORC) (2009); Otago 
Lakes’ trophic status: 
Lake Hayes, Lake 
Johnson, Lakes 
Onslow, Lake 
Wakatipu, Lake 
Wānaka. 

Scientific technical report 
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Cardrona 
catchment 
information sheet 

Otago Regional Council 
(ORC) (2013); Cardrona 
catchment information 
sheet 

Cardrona catchment information sheet 

Water Quality for 
the Cardrona/Pisa 
area 

Otago Regional Council 
(ORC) (2018); Water 
Quality for the 
Cardrona/Pisa area. 
Water Quality Report 

Card. 

Water Quality for the Cardrona/Pisa area 

Water Quality for 
the 
Wānaka/Hāwea 
Lakes area. 

Otago Regional Council 
(ORC) (2018); Water 
Quality for the 
Wānaka/Hāwea Lakes 
area. Water Quality 

Report Card. 

Water Quality for the Wānaka/Hāwea Lakes area. Water 
Quality Report Card. 

Nitrogen and 
phosphorus 
leaching losses 
from pasture, 
winter forage 
crop and native 
bush sites in the 
West Matukituki 
Valley 

Smith, C., Monaghan, 
R., McDowell, R. and 
Carrick, S. (2016). 
Nitrogen and 
phosphorus leaching 
losses from pasture, 
winter forage crop and 
native bush sites in the 
West Matukituki 
Valley. Ag Research. 
RE500/2016/013 

Measurements of nitrogen (N) and phosphorus (P) losses in 
leachate were reported for pasture, forage crop and native 
bush sites in the West Matukituki Valley, located west of 
Lake Wanaka throughout 2015. Given the high rainfall (c. 
2400 mm pa) of the Matukituki Valley, nutrient losses from 
the crop and pasture sites during 2015 were expectedly large 
relative to those determined at other sites with lower rainfall 
inputs. Dissolved organic forms of both N and P made 
unexpectedly large contributions to total fluxes to the crop 
and pasture sites. At the bush site fluxes of nitrate-N were 
relatively low representing <3% of the nitrate-N fluxes 
measured at the pasture site and DRP represented 40% of 
DRP measured in drainage from pasture site. Useful to 
determine the risks that these forms of nutrients pose to 
water quality in different land use areas.  

The Resources of 
Lake Wanaka 

The Resources of Lake 
Wanaka Edited by B.T. 
Robertson & l.D. Blair 
Lincoln Papers in 
Resource Management 
No. 5 - 1980 Published 
for the Guardians of 
Lake Wanaka by 
Tussock Grasslands & 
Mountain Lands 
Institute, Lincoln 
College  ISBN 0-
908584-45-8 ISSN 
0111-1809 

 the Chemistry Division of the Christchurch DSIR analysed 
water samples taken from Lake Wanaka and its inflows 
during 1976-78, and found the water to be comparatively 
pure. The lake shows little evidence of pollution and is very 
lightly mineralised. Nutrient levels are very low and the lake 
can be considered oligotrophic.  

Southern lake 
sampling program 
update 

Uytendaal, A., 
Manning, N., Olsen, D. 
(2017); Southern lake 
sampling program 
update. Otago 
Regional Council 
Presentation to 
Wānaka Guardians 
October 2017 

Lake Wanaka clarity and chla show seasonality. Clearer 
water and low algal biomass in winter is often not the case 
(lake turnover and runoff) which is shown by a weak inverse 
relationship between the two. Lake Wanaka also shows 
seasonality with dissolved inorganic nitrogen with increased 
summer productivity. The nitrite/nitrate Nitrogen DL are 
good. Lake Hawea has the lowest TN levels of the lakes. In 
terms of lake snow, there is a similar biomass and 
seasonality patterns across lakes with late summer peaks 
and winter troughs. Both Lakes Wanaka and Hawea have 
reduced their TLI in 2016/17 compared to 2004-06 and 2007-
09 to 1.41 and 1.17 respectively. 
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Lake water 
quality in New 
Zealand 2010: 
status and trends 

Verburg, P., Hamill, K., 
Unwin, M., J. Abell, J. 
(2010) Lake water 
quality in New Zealand 
2010: status and 
trends. New Zealand 
Ministry for the 
Environment. NIWA 
Client Report 
HAM2010-107. 

Study at a national scale of Lake water quality in New 
Zealand 2010: status and trends 

Low-intensity 
land use in 
grassland 
catchments: 
Effects on a large, 
oligotrophic lake 

Weaver, A. K. (2017). 
Low-intensity land use 
in grassland 
catchments: Effects on 
a large, oligotrophic 
lake. Thesis, Doctor of 

Philosophy. University 
of Otago. 

Little work has been undertaken to determine the impact 
low-intensity development has on nutrient dynamics and 
microbial activity in these large lake systems. Lake Wanaka, 
Central Otago, was chosen as a study site since the recent 
appearance of nuisance organic aggregates and changes in 
phytoplankton community structure suggest the lake is not 
in a steady state. Research undertaken for this project 
included intensive sampling of tributaries to the lake during 
different seasons and hydrological conditions, following the 
path of two tributaries out into the lake, and laboratory-
based experiments. Results indicate low intensity land use in 
grassland catchments affects nutrient flux and microbial 
processes in Lake Wanaka. Increased macronutrient and 
DOC loading to the Lake has the potential to stimulate 
changes in the microbial population, affect phytoplankton 
productivity and result in changes in food webs and 
community structure. 

Land use, soil 
properties and 
weather 
conditions 
influence nutrient 
fluxes into a deep 
oligotrophic lake 

Weaver, A. K., 
Schallenberg, M., & 
Burns, C. W. (2017). 
Land use, soil 
properties and 
weather conditions 
influence nutrient 
fluxes into a deep 
oligotrophic lake. 
Marine and Freshwater 

Research, 68(10), 
1830-1844. 

Many streams and rivers in upland watersheds in southern 
New Zealand drain into deep, oligotrophic lakes with major 
aesthetic, recreational and conservation values. We 
examined the effects of increasing pasture cover and 
weather-related variables on nitrogen (N), phosphorus (P) 
and dissolved organic carbon (DOC) concentrations in eight 
streams draining into Lake Wanaka and hypothesised that 
(1) DOC and N concentrations would increase with increasing 
land development, but soil characteristics in the watershed 
would mediate P input and (2) weather-related factors that 
increase hydrological connectivity in the landscape would 
enhance the influx of N and DOC. 

Penetration of 
solar ultraviolet 
radation into New 
Zealand lakes: 
influence of 
dissolved organic 
carbon and 
catchment 
vegetation  

Rae, R., Williams, H., 
Hawes, I., Schwarz, A.-
M., Vincent W. F. 
(2001). Penetration of 
solar ultraviolet 
radation into New 
Zealand lakes: 
influence of dissolved 
organic carbon and 
catchment vegetation. 
Limnology, 2, 79-89. 

Eleven lakes in the South Island of New Zealand were 
sampled in summer 1996. Water column profiles of 
ultraviolet radiation (UVR) at four wavelengths and photo- 
synthetically available radiation (PAR) were obtained, along 
with analyses of dissolved organic carbon (DOC) 
concentration, total suspended solids (TSS), and catchment 
vegetation, including forest and natural grassland. Down- 
ward attenuation coefficients (Kd) and lake water transpar- 
ency (1/Kd) for UVR were examined in relation to these 
variables. Consistent with other regions of the world, DOC 
concentration and variables related to DOC were the best 
predictors of UVR penetration.  
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APPENDIX B: ORIGINAL WATER QUALITY SUMMARY  

 
Water quality 

ORC maintain a network of 22 water quality monitoring sites, including 7 which have at least 10 years’ 
worth of historical data available. A large number of sites were added to the network in 2018, which 

significantly increases the spatial coverage. However, most of these sites have been operating for less 

than a year, and therefore have limited data available. It is also important to note that even the longest- 

running sites have only been monitored since the 1990s or late 1980s, and therefore the results are 

reflective of a catchment already altered by centuries of human activity, including approximately 130 

years of more dramatic land use changes during and since the colonial era 

 

Figure 12: ORC surface water quality monitoring sites. Sites marked in blue have at least 10 years of data 

available, sites marked in green are newer (mostly started 2018). Not shown: Makarora River at Makarora (to 

the north) and Upper Cardrona at Tuohys Gully Road (to the south), both new sites. 
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The Clutha/Mata-Au at Luggate Bridge site is the furthest down-stream site in the Upper Clutha, and also 

has equal-longest record (alongside the Luggate Creek site), since February 1989. Water quality at this 

site is a useful indicator of the final quality of the water as it exits the Upper Clutha catchment; Luggate 

Creek is the only significant Upper Clutha waterway to join the Clutha below Luggate Bridge. The 

concentrations of key water quality variables measured at this site are presented in Figure 13. 

In summary, the graph (and the more detailed summary of the recent part of the data set available on 

the LAWA website) show that water quality at the site is excellent, it is in the best 25 % of comparable 

(Upland Rural) sites, and in fact of all sites across New Zealand, for all parameters reported by LAWA. 

To contextualise the data plotted, the water quality guidelines relevant to each variable are included, as 

detailed in Table 1. The applicable guidelines selected (marked in bold and blue in the table) are for 

attribute state ‘A’ from the National Policy Statement for Freshwater Management 2014 (NPS-FM 2014), 

where available. Typical concentrations for Cool Dry Low-elevation rivers from the Australian and New 

Zealand Guidelines for Fresh and Marine Water Quality, 2018 were used where the NPS-FM 2014 does 

not provide a guideline, but it is important to note that these do not necessarily represent any 

ecotoxicological risk. In addition, draft guidelines from the Draft National Policy Statement for Freshwater 

Management 2019 (NPS-FM 2019; also for ‘A’ attribute band) are included for reference, although these 
are subject to change as the NPS-FM 2019 is finalised. 

file:///C:/Users/della/Downloads/20191101-Literature-Review-FINAL-Nov-2019.docx%23_bookmark23
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Table 1: Summary of water quality guidelines 

 

Contaminant Unit Guideline Basis for compliance with 

applicable guideline 
NPS-FM 

2014 

ANZECC, 

2018 

DRAFT NPS-FM, 

2019 

Nitrate and 

nitrite nitrogen 

ppb ≤ 1,000 10 

(80th %ile) 

≤ 1,000 

(annual median) 

Annual median (≤1,500 ppb 

applies to 95th %ile) 

Ammoniacal 

nitrogen 

ppb ≤ 30 265 

(80th %ile) 

≤ 30 

(annual median) 

Annual median (≤ 50 ppb 

applies to 95th %ile) 

Dissolved 

reactive 

phosphorus 

ppb - ≤ 8 ≤ 6 (median) 80th %ile 

Dissolved 

oxygen 

ppm ≥ 8.0 - ≥ 8.0 

(7-day mean 

minimum, 

Summer) 

7-day mean minimum 

(7.5 ppm 1-day minimum) 

E. coli cfu/ 

100 

mL 

≤ 130 - ≤ 130 

(median) 

Median concentration (≥ 540 
cfu/100 mL applies to 95th %ile, 

plus additional exceedance 

probability limits) 

Turbidity NTU - ≤ 1.3 1.3-4.3 (depending 

on geology) 
80th %ile 

As can be seen in Figure 13, there have been two spikes in the E. coli concentration (out of more than 

150 samples) which have significantly exceeded the limit which is intended to be compared with median 

concentrations. The median concentration of E. coli (1 cfu/mL) is less than 1 % of the limit for safe 

recreation. Turbidity values exceed the relevant guideline more regularly (60 of 356 samples), although 

turbidity is largely an aesthetic variable and may be naturally elevated during high flow conditions. The 

long-term median turbidity value is 0.6 NTU, which is approximately half of the limit (1.3 NTU). Turbidity is 

related to clarity, and the data available on LAWA shows that at this site black-disc visibility, another 

measure of clarity, is typically 5 m (5-year median). 

Otherwise, all of the other parameters shown have complied with the relevant guidelines throughout the 

monitoring period, even if maxima are compared with the guidelines rather than medians. The data 

presented in the graph are consistent with LAWA’s characterisation of the water quality at the site as 
“excellent”, and there is no obvious indication from the data plotted in Figure 13 that this is changing 

significantly.

file:///C:/Users/della/Downloads/20191101-Literature-Review-FINAL-Nov-2019.docx%23_bookmark23
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While excellent water quality downstream is reflective of activities upstream, it is important to note that 

the water quality at this site effectively “averages” water quality for a large number of upstream 
tributaries, and the Clutha results do not rule out that smaller water bodies and localised parts of larger 

water bodies upstream could be significantly impacted. Olsen (2019) notes that the large flows in the 

Clutha River/Mata-Au have considerable dilution capacity which makes them less sensitive to wastewater 

discharges. Also, water quality impacts associated with some activities may take a long time to be reflected 

in water quality downstream, particularly in the case of activities that involve a discharge to groundwater, 

such as agriculture/horticulture, some stormwater systems and potentially contaminated sites. 



 121 

 

Figure 13: Key water quality variables measured at the Clutha at Luggate Bridge, 1989-2018. Data source: 

NIWA. Shaded bands show 5-year periods; horizontal dotted lines show relevant water quality guidelines (see 

Table 1). Note: ppm/ppb = parts per million/billion; cfu = colony forming units, NTU = nephelometric 

turbidity units; non-detects treated as detection limit. 
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Figure 14 shows water quality data for the five Upper Clutha sites monitored regularly during the period 

2008-2019, which is the period for which data is available from the LAWA website (supplemented with 

more recent data from ORC and the above Clutha data from NIWA). This time period also overlaps with 

that covered in the ORC reports discussed below. 

The results presented show that water quality in the smaller rivers included in the monitoring programme 

(the Hāwea, Matukituki, Cardrona, and Luggate) is also generally good. In comparison to the Clutha site 
discussed above though, these sites have more variability in water quality and higher peak contaminant 

concentrations. NNN is very low in all of the water bodies monitored, and apart from a few spikes, 

ammoniacal nitrogen concentrations comply with the guideline (which is intended to be compared with 

median concentrations, rather than peaks). The record for DRP, E. coli and turbidity are marked by 

significant spikes on Luggate Creek in a single sample from May 2014. The cause of this is unknown, but 

it is not representative of the broader dataset. E. coli concentrations generally comply with the guidelines, 

apart from occasional spikes. Guidelines for DRP and turbidity are not shown as these vary slightly 

depending on the River Environmental Classification (Snelder et al., 2010) for each site. DRP 

concentrations were frequently elevated above the guideline in Luggate Creek, but otherwise generally 

compliant. Turbidity concentrations exceeded the relevant guidelines more regularly, although again, this 

is largely an aesthetic guideline though can be dependent on scale. 

Similar data is available for the two lakes from LAWA and other publicly available sources. This is 

discussed in Section 4.3. 

file:///C:/Users/della/Downloads/20191101-Literature-Review-FINAL-Nov-2019.docx%23_bookmark24
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Figure 14: Key water quality parameters for 5 Upper Clutha river sites monitored from 2008-2019. Shaded 

bands show 2-year periods; horizontal dotted lines show relevant water quality guidelines (see Table 1). Note: 

non-detects treated as detection limit. 
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The data from the ORC monitoring sites from 2017 and earlier has been summarised in three State of 

the Environment (SOE) reports by ORC (ORC, 2007; Ozanne, 2012; Uytendaal & Ozanne, 2018). These 

include a detailed analysis of the water quality data available at those dates, of which a brief summary is 

presented here. It is important to note that there have been significant changes in regulations and best 

practice for environmental reporting during the period when these reports were produced. Consequently, 

the measures and statistics used changed somewhat between the reports, making direct comparisons of 

the results given difficult in some cases. 

Figure 15 shows a region-wide summary of the Water Quality Index (WQI) for all sites considered in the 

2012 report, showing that the Upper Clutha catchment and the neighbouring Kawarau catchment have 

probably the highest WQI ratings in the region. The WQI is a high-level water quality indicator based on 

comparison of median values of the following individual water quality variables with their respective 

guideline values: 

• Dissolved reactive phosphorus (DRP, guideline ≤ 0.9 mg/L) 

• Nitrate and nitrite nitrogen (NNN; guideline ≤ 0.444 mg/L) 

• Ammonium (NH4; guideline ≤ 0.9 mg/L) 

• Escherichia coli (E. coli; guideline ≤ 126 cfu/mL) 

• Turbidity (a measure of water clarity; guideline ≤ 5.6 NTU) 

• Dissolved oxygen (DO, guideline ≥ 80 % saturation) 

 

Note that these guidelines differ from those in Table 1 and most have now been superseded, and the 

WQI itself was not calculated in the most recent ORC report. Nonetheless, the WQI is a convenient and 

simple summary indicator, and the findings presented in Figure 13 are broadly consistent with those of 

the 2018 report. 

As shown on Figure 15, the WQI for all but one Upper Clutha monitoring site was “very good” (all six 
variables comply with guideline values), with the Luggate Creek site “good” (five out of six variables 
compliant). An Appendix to the report suggests that the water quality at the Luggate Creek site is in fact 

also “very good”, although it does have a noticeably lower compliance percentage (84 %, versus 
approximately 96 % for most other Upper Clutha sites). Lake Hāwea at Outflow at Dam was one of three 

sites in the region at which the guideline values for all six variables was met in every sample collected 

during the 2006-2011 monitoring period (i.e. 100 % compliance), while the same occurred for Lake 

Wānaka at outlet in 2001-2006 (ORC, 2007 and Ozanne, 2012). 
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Figure 15: Water Quality Index (WQI) for the 62 core water quality monitoring sites in Otago, based on 2001-

2011 data. Source: Ozanne, 2012. 

The most recent report (Uytendaal and Ozanne, 2018) assesses the water quality results somewhat 

differently, primarily due to the regulatory changes discussed in detail in Section 3. In brief, the 80th 

percentile concentrations for river water samples collected at below median flow are used rather than 

medians, and many of the guidelines have changed; mostly becoming lower (more stringent, including 

some based on Schedule 15 of the ORC Regional Plan: Water for Otago which are more stringent than 

those in Table 1). However, the conclusions are similar in that most sites are compliant with the new 

standards. The main exceptions to this are the Cardrona at Mount Barker site, where NNN concentrations 

were “marginally non-compliant” with the new standard of 0.075 mg/L (0.084 mg/L detected), and 

Luggate Creek, where DRP (0.015 vs 0.005 mg/L) and E. coli (228 vs 50 cfu/100 mL) both

file:///C:/Users/della/Downloads/20191101-Literature-Review-FINAL-Nov-2019.docx%23_bookmark33
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exceeded the new guidelines. The Matukituki monitoring site also very slightly exceeded the standards 

for ammoniacal nitrogen (0.011 vs 0.010 mg/L) and E. coli (66 vs 50 cfu/100 mL). 

All Upper Clutha sites were found to be in the ‘A’ attribute state (the highest grade) under the National 

Objectives Framework for nitrate nitrogen and ammoniacal nitrogen, as was also the case for E. coli for 

all sites except the Matukituki. The Matukituki received a ‘C’ grade (the lowest ‘passing’ grade), which 
appears to be primarily related to occasional significant spikes, rather than high average concentrations. 

ORC also carried out statistical analysis to identify trends in the water quality, with the results for the 

Upper Clutha sites for both monitoring periods summarised in Table 2. It is noteworthy that very few 

trends were observed consistently between the three monitoring periods (the last two of which 

overlapped). If there was a genuine meaningful trend in the concentrations of a given variable at a 

particular site caused by land use change or other ongoing activities, this would probably be evident in 

this trend being detected in multiple assessments. However, the statistical methodology changed 

between the three reports (briefly, the first report considered only statistical significance of any change, 

while the second also considered whether the change was greater than 1 % per year, and the third 

considered an 11-year, rather than 5-year period). This may partially explain the lack of consistent trends 

between the three reports. 

Table 2: Summary of ORC water quality trends analysis. 

Site 2001-2006 trend (ORC, 

2007) 

2006-2011 trend 

(Ozanne, 

2012) 

2006-2017  trend  

(Uytendaal 

and Ozanne, 2018) 

Improving Degrading Improving Degrading Improving Degrading 

Lake Wānaka conductivity, 
E. coli, NNN, 
suspended 
solids (SS), 
turbidity 

- - - - turbidity 

Lake Hāwea NH4, 
conductivity

, SS 

- - - - NNN, 
turbidity 

Clutha/Mata-

Au at Luggate 

NH4 conductivity

, total 

nitrogen 

(TN), total 

phosphorus 

(TP) 

NH4, 

TN, 

NNN, 

TP 

- - NNN, TN, 

Cardrona  
River 

(at Mt Barker) 

NNN, SS, 
TN, 

turbidity 

NH4 E. coli, SS - - E. coli 

Matukituki River No data No data - - - turbidity 
Hāwea River 
at 

Camphill Bridge 

No data No data - NNN - NNN, 
turbidity 

Luggate Creek 
at 

SH6 

No data No data No data No data - TP, turbidity 

Note: “-“ indicates no statistically significant/meaningful improving/degrading trend was observed for the 

variables monitored during that time period. Monitoring suite monitors between sites. See Tables 6.2-6.4 

of ORC (2007) and Tables 26-27 of Ozanne (2012) for details. 
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As noted above, ORC added a number of sites in the Upper Clutha to their monitoring network in August 

2018. There is insufficient data from these to meaningfully analyse for trends (typically only 9 sample per 

site). Figure 16 shows a simple summary of this data (and the data for the previously existing sites during 

the same period) grouped by the following sub-catchments (see map in Figure 12): 

• Wānaka includes all monitoring sites on tributaries of the Lake, 
• Hāwea includes the Hāwea River and the tributaries of Lake Hāwea, 
• Lower catchment includes the Cardrona River and Luggate Creek, and 
• Main stem includes only the Clutha at Luggate Bridge site. 

This figure gives a broadly consistent picture to the previous figures and discussion, indicating that water 

quality downstream on the main stem is generally slightly better than further upstream, presumably due 

to the averaging effect of the large water body minimising the effect of any localised discharges. In 

particular, Bullock Creek in the Wānaka sub-catchment has elevated NNN concentrations, and Luggate 

Creek in the Lower Catchment areas have elevated concentrations of NNN and DRP, respectively. 

Additionally, elevated E. coli concentrations can occur in both sub-catchments (most commonly observed 

in the Cardrona River, Leaping Burn, Bullock Creek and Luggate Creek). 

With additional data and more detailed, site-by site analysis, in the near future it will become possible to 

identify the principal sources of these contaminants to the Upper Clutha catchment, including 

approximate mass balance calculations (if sufficient flow data is available). In turn, this will enable more 

targeted interventions to improve water quality. 

As part of completing this review, it has been identified that recent groundwater quality data in the 

catchment is very limited, apart from single samples that are often collected when wells are drilled. The 

most complete study done was by GNS Science (Rosen et al., 1997; Rosen & Jones, 1998) who analysed 

the groundwater chemistry of the Wanaka and Wakatipu basins. They found that the local geology has 

some effect on the groundwater chemistry, but that water quality was generally good. They noted there is 

some concern regarding areas of faecal contamination and possibly rising nitrate levels. More recently 

some data for the Hāwea Basin aquifers was analysed by Wilson (2012). This included analysis of data 
from two wells with a relatively short time series, in addition to others with single samples. Groundwater 

quality was found to be generally excellent, but with elevated nitrate concentrations in the vicinity of 

Hāwea Flat township, probably due to septic tank contamination (Wilson, 2012). 

Aside from this, there appears to be limited groundwater quality data, and even more limited reporting 

on that data. Given the high degree of connection between surface and groundwater in the Upper Clutha 

this should be a priority for further research. 
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Figure 16: Jitter plot of key water quality parameters by sub-catchment for recent (post August 2018) water quality monitoring sites. Note: non-detects are 

shown as the detection limit. NH4-N and DRP detection limits vary somewhat between sites.
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