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Catchment Plan 2020, and the National Policy Statement for Freshwater Management 2020.  
Disclaimer 
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1 Introduction:   

This report primarily provides a framework for WAI Wānaka to help enhance 

understanding and management of Lakes Wānaka and Hāwea, however all of 

the issues outlined and suggested actions will apply equally to each of Otago’s 
three deepwater lakes. The same environmental threats and lack of 

understanding apply to Lakes Wānaka, Hāwea and Whakatipu. The same 

absence of a process to determine evidence-based management puts all three 

lakes at risk. All three lakes need help. 

The economic, social and cultural wellbeing of the communities living beside 

and enjoying our deepwater alpine lakes is dependent on these lakes retaining 

low nutrient levels, moderate chlorophyll-a, high transparency (i.e. a low 

trophic level status), appealing colour, stable pH, low coliform bacterial counts, 

low pathogens, no toxins, no microplastics, stable ecosystem function, and 

healthy biodiversity. The lakes should also be free of invasive non-indigenous 

plants and animals but we know that this has not been the case for many 

decades and is not likely to be in future. Elimination may not be possible but 

careful management can provide some pest species control. 

 

Figure 1. Our lakes are changing… (Photo: Don Robertson) 
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For more than 150 years communities in, and visitors to the Upper Clutha and 

Whakatipu basin catchments have been greatly expanding their activities and 

aspirations, recreational and commercial, urban and rural. With the exception 

of sewage and wastewater treatment (after the 1960s), the run-off from these 

activities both directly through rivers and streams, through draining slopes and 

indirectly via passage through soil and gravel, has flowed into our lakes and 

aquifers.  

It is most unlikely that this apparent increase in the addition of sediment, 

nutrients, organic material, viruses, bacteria, protozoa, emerging organic 

compounds and other toxins along with invasive species have entered our 

lakes without ecological impact or community impact. There are however very 

few if any studies which document whether such ecological impact may have 

caused changes to lakes ecosystem functioning or what impacts there are or 

could be on the communities living in the lakes catchments.  

We can experience qualitatively that our lakes are changing. Our communities 

are becoming more concerned about lake health and have become more 

engaged in recent years in discussion about water quality, lakes values and 

management. But if we are to understand how to ensure lakes protection, to 

enhance ecosystem health status and mitigate effects of pollutants and 

invasive species, we, the community, national, regional and district 

government must invest in more data collection, research and modelling on a 

scale sufficient to support evidence-based lake and catchment management 

decisions for Lakes Wānaka, Hāwea and Whakatipu.  

Clearly there are both logistical and cost constraints around the challenge of 

time-series measurement of attributes and processes in lakes of the size and 

depth of Wānaka, Hāwea and Whakatipu. Nevertheless, the current minimal 

approach to Otago deepwater lakes management leaves many basic questions 

unanswered and maintains the risks to ecosystem health and ignores 

community impact. If allowed to continue, the protection of the “compulsory 
values” in the most recent version of the National Policy Statement for 

Freshwater Management (NPS-FM) Appendix 1A (included below) may not be 

achieved.  
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A good decision was taken by Otago Regional Council (ORC) to continue 

measuring some of the State of the Environment (SoE) attributes for lakes 

every year beyond 2016 (as opposed to only three years out of ten). As a 

result, a recent brief analysis of these data provide an important example of 

scientific evidence indicating that the ecosystem health of all three of Otago’s 
deepwater lakes is apparently declining. These data show that in the 5 year 

period between 2016 and 2021 chlorophyll-a measurements in Lakes Wānaka, 

Whakatipu and Hāwea, (at a depth of 10 metres in open water) indicate that 

phytoplankton biomass has at least doubled from 2016 to 2021 (Fig. 2, Dr M 

Schallenberg, unpublished, pers. comm.). A management response to this 

situation is missing but urgently required. There are no measures in place to 

understand the causes or reverse this concerning decline in lake’s water 
quality. 

The good news is that the chlorophyll-a increase in the Otago’s deepwater 
alpine lakes is coming off a very low base. ORC data show that the Trophic 

Level Index (TLI) for all 3 lakes appears to be microtrophic – i.e. at the pristine 

end of the scale of lake health. This gives the community and statutory bodies 

some time to act to protect the lakes and their desirable qualities. However, 

the trend in chlorophyll-a suggests the current microtrophic status of the lakes 

cannot be taken for granted, and wont last very long. 

Figure 2: ORC Chlorophyll-a data 2016-2021 (Dr Marc Schallenberg, ORC unpublished data) 
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SoE reporting is expected to include lakes assessment by ORC and is supposed 

to meet the requirements of the NPS-FM, but there is not a clear path to lakes 

status assessment research, community feedback or evidence-based lakes 

management decisions based on these assessments, or on observations such 

as those in Figure 2. 

In a 2017 review of ORC's SoE monitoring programmes for river and lake water 

quality and ecology, NIWA noted some key points that: “in light of their very 

high regional (and national) values, and potential for change in condition, 

ongoing monthly sampling of open water sites on Lakes Whakatipu, Wānaka 

and Hāwea is highly recommended. The sampling of these lakes… should be 

modified to ensure that the full vertical water column is profiled on every 

sampling occasion for water temperature and dissolved oxygen, with periodic 

profiling of nutrient concentrations. The addition of a monitoring buoy on each 

of the three deep lakes would provide high frequency information on 

stratification and mixing that will help ORC to understand changes in trophic 

state that are identified through regular monthly sampling”. WAI Wānaka 

supports the NIWA recommendations. 

Some of these recommended changes were implemented by ORC but have 

been interrupted by instrument calibration issues and then by Covid-19 

lockdowns, as was the planned installation of monitoring buoys in each of 

Lakes Whakatipu and Wānaka. Although NIWA recommended that ORC also 

install a monitoring buoy in Lake Hāwea, this is currently not scheduled but a 

resource consent application for installation has been lodged. We believe that 

there is a compelling case for at least one buoy in Lake Hāwea and WAI 

Wānaka will work towards this outcome. (See WAI Wanaka Community 

Catchment Plan (CCP) https://waiwanaka.nz/projects/community-catchment-

plan/ actions #37 and #38 – see also below). ORC has indicated that more 

buoys are being considered. Environment Southland has installed a monitoring 

buoy in Lake Manapouri similar to those proposed for Otago lakes. (See 

Autonomous vertically-resolved monitoring of Lake Manapouri.pdf ). 

An important missing ingredient in caring for the future of our lakes is the 

provision of evidence-based management through a formal stakeholder-

owned environmental status assessment and management decision making 

process supported by regular review (See for example CCP actions #46, #47 

https://waiwanaka.nz/projects/community-catchment-plan/
https://waiwanaka.nz/projects/community-catchment-plan/
https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/about-us/presentations/science-conference-posters-2016/documents/Autonomous%20vertically-resolved%20monitoring%20of%20Lake%20Manapouri.pdf
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and #58). An early function of such a process could be for WAI Wānaka to work 

closely with ORC, QLDC, LINZ, DOC, MfE, MOT, Kai Tahu, community groups, 

University of Otago and research providers such as NIWA to provide 

assessments of, and agreement on key research questions to address lakes’ 
management knowledge gaps with appropriate research and modelling to 

inform management actions.  An important part of this process has already 

been achieved by WAI Wānaka and ORC following a deep lakes workshop in 

Wānaka (2 October 2023) with agreement to form a Deep Lakes Technical 

Advisory Group which will report to a newly formed Deep Lakes Management 

Working Group. Both groups are now established. 

Through the initial Ministry for the Environment Freshwater Improvement 

Fund, WAI Wānaka has produced a comprehensive Community Catchment 

Plan (CCP) Community-Catchment-Plan.pdf (waiwanaka.nz) for the Upper 

Clutha catchment that addresses current and future risks to freshwater 

resources and provides a roadmap to actions that help prevent any decline in 

water quality and ecosystem function. The CCP recommends 60 actions for 

follow-up. Some of these actions fall within the responsibility of councils 

however we have appreciated the help from the Ministry for Primary Industry 

(MPI) Jobs for Nature project and the community to help progress many of 

them. The actions are numbered 1-60 and some of these, where they have a 

direct or indirect effect on lakes are referred to by their CCP action numbers in 

this strategy. 

2 Outcomes: 

Key outcomes intended to result from this lakes strategy include: 

o Agreement on and commencement of measurements to provide 

assessments of lakes ecosystem status based on harvesting 

existing data and building on ORC’s NPS-FM and SoE attribute 

sampling to address key questions about lakes health and 

processes. 

o Increased lakes water quality monitoring including buoys, lakes 

margins and deepwater sampling and remote sensing. 

o Agreement on measurements that can reasonably be undertaken 

within resource limitations of WAI Wānaka projects. 

https://www.waiwanaka.nz/wp-content/uploads/2020/05/Community-Catchment-Plan.pdf
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o Agreement on the establishment of a formal lakes evidence-based 

management decision-making process with stakeholders to assess 

understanding of lakes’ water quality, hydrodynamics and 

ecosystem function attributes, to guide future research, 

monitoring and lakes’ management actions. (CCP  #46, #47 and 

#58). This approach can now be achieved since the establishment 

by ORC of a deep lakes technical advisory group and management 

working group in November 2023 (see Appendix B). 

o Sufficient funding sourced to bring in appropriate expertise and 

facilitate PhD lakes studies in collaboration with Kai Tahu, 

universities and research institutes. 

o Alignment of lakes research and monitoring with the 

requirements of recent freshwater environmental policy 

documents from the Ministry for the Environment, with Ministry 

for Primary Industry and with Kai Tahu freshwater aspirations. 

o Enhanced management of deepwater lakes’ ecosystem health. 
o Increased public awareness, understanding and engagement in 

the challenges to the health of Otago deepwater lakes.  

o Overall progress towards achieving CCP lakes actions including 

those in catchments that mitigate negative effects of land use on 

the lakes. 

o Enhanced preparedness for modelling and managing effects of 

climate change on lakes’ health. 

3 What are the big questions? 

There are a number of questions about the water quality status and trends and 

the effects of urban and rural run off into Otago’s deepwater lakes. Some of 

these questions have been raised by the CCP. The Deep Lakes Technical 

Advisory Group should assess questions such as these, the actions they imply, 

prioritise them and commit to act on those agreed as most important: 

o What do we know, what don’t we know, what do we need to know? 

o What does the community want or expect for the lakes’ future?  

o What lakes’ attributes are valued and how do we know?  

o What attributes are being or should be measured, where and when 

(how frequently?) to protect these values?  
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o What risks do the lakes face as a result of expanding urban and rural 

activities in their catchments?  

o What are the key components of physical, chemical and biological 

pollution in the lakes and what is their pathway into the lakes, within the 

lakes, within sediments, and flowing out of the lakes? What are their 

sources and sinks? What are their rates of flow in and out?  What is the 

variation, monthly, seasonal or annual?  

o What is the residence time of water in the deepwater lakes’ basins and 
bays?  

o What actions can be taken to enhance fish passage, to enhance longfin 

eel populations and protect other native species in the lakes and 

catchment tributaries?  

o How do we know if more invasive species are arriving? 

o What are the likely impacts on lakes’ health resulting from climate 

change and how can these be modelled and managed? 

o What are the lessons we can learn from the management of other large 

lakes both in NZ (e.g. Lake Taupo) and overseas?  

o How can we work most effectively on freshwater issues together with 

the Ministry for the Environment (MfE), the Ministry for Primary 

Industry (MPI), Otago Regional Council (ORC), Queenstown Lakes District 

Council (QLDC), Land Information NZ (LINZ), Otago Kai Tahu runaka, 

NIWA, University of Otago, Cawthron Institute other research providers 

and local communities? 

o In a government statutory context, what freshwater attribute 

measurements are being made or need to be made in order for the 

status and management of Otago deepwater lakes to be consistent with 

the requirements of the new NPS-FM and the new Resource 

Management (National Environmental Standards for Freshwater) 

Regulations 2020 (NES) both of which came into force on 3 September 

2020. (CCP actions which intersect with the NPS-FM are #1, #19, #20, 

#33, #34 and #35). (The NPS-FM has been evolving with input from many 

stakeholders for around 8 years). 

Within the NPS-FM the concept of Te Mana o te Wai emphasises the 

fundamental importance of water and recognises that protecting the health of 
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freshwater protects the health and well-being of communities and the wider 

environment. 

o What actions can be or need to be taken following the scope of the WAI 

Wānaka projects such as MPI’s Jobs for Nature to ensure that the 

principles of Te Mana o te Wai as listed in sections 1.3(4) a-f of the NPS-

FM and the hierarchy of obligations (sections 1.3 (5) a, b & c and 2.1) are 

achieved and maintained with respect to Otago deepwater lakes? 

The NPS-FM principles of Te Mana o te Wai are Mana whakahaere: 

(Governance) Kaitiakitanga (Stewardship) Manaakitanga (Care and respect). 

The NPS-FM hierarchy of obligations in Te Mana o te Wai 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”. 

Further guidance for improving freshwater management is provided by the 

NPS-FM in Appendix 1A included in a text box below and which defines the 

context within which regional councils must assess and report.  
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Ministry for the Environment National Policy Statement for Freshwater Management 2020 

Appendix 1A – Compulsory values. (From the NPS-FM 2020) 

 
1 Ecosystem health  
This refers to the extent to which an FMU or part of an FMU supports an ecosystem 
appropriate to the type of water body (for example, river, lake, wetland, or aquifer). There are 
5 biophysical components that contribute to freshwater ecosystem health, and it is necessary 
that all of them are managed. They are:  
Water quality – the physical and chemical measures of the water, such as temperature, 
dissolved oxygen, pH, suspended sediment, nutrients and toxicants  
Water quantity – the extent and variability in the level or flow of water  
Habitat – the physical form, structure, and extent of the water body, its bed, banks and 
margins; its riparian vegetation; and its connections to the floodplain and to groundwater  
Aquatic life – the abundance and diversity of biota including microbes, invertebrates, plants, 
fish and birds  
Ecological processes – the interactions among biota and their physical and chemical 
environment such as primary production, decomposition, nutrient cycling and trophic 
connectivity.  
In a healthy freshwater ecosystem, all 5 biophysical components are suitable to sustain the 
indigenous aquatic life expected in the absence of human disturbance or alteration (before 
providing for other values).  
 
2 Human contact  
This refers to the extent to which an FMU or part of an FMU supports people being able to 
connect with the water through a range of activities such as swimming, waka, boating, fishing, 
mahinga kai, and water skiing, in a range of different flows or levels. Matters to take into 
account include pathogens, water clarity, deposited sediment, plant growth (from 
macrophytes to periphyton to phytoplankton), cyanobacteria, other toxicants, and litter. 
 
3 Threatened species  
This refers to the extent to which an FMU or part of an FMU that supports a population of 
threatened species has the critical habitats and conditions necessary to support the presence, 
abundance, survival, and recovery of the threatened species. All the components of 
ecosystem health must be managed, as well as (if appropriate) specialised habitat or 
conditions needed for only part of the life cycle of the threatened species. 
 
4 Mahinga kai  
Mahinga kai – kai is safe to harvest and eat. Mahinga kai generally refers to freshwater 
species that have traditionally been used as food, tools, or other resources. It also refers to 
the places those species are found and to the act of catching or harvesting them. Mahinga kai 
provide food for the people of the rohe and these sites give an indication of the overall health 
of the water. For this value, kai would be safe to harvest and eat. Transfer of knowledge is 
able to occur about the preparation, storage and cooking of kai. In FMUs or parts of FMUs 
that are used for providing mahinga kai, the desired species are plentiful enough for long-
term harvest and the range of desired species is present across all life stages. Mahinga kai – 
Kei te ora te mauri (the mauri of the place is intact). In FMUs or parts of FMUs that are valued 
for providing mahinga kai, customary resources are available for use, customary practices are 
able to be exercised to the extent desired, and tikanga and preferred methods are able to be 
practised. 
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4 Assessment of community concerns and values for freshwater 

 
Figure 3: We love our lakes… 

 

To progress a strong movement forward to enhance freshwater quality and 

ecosystem health, community concerns and values must be understood to 

help inform next steps. This strategy document stands within the context of 

recent and comprehensive government and community initiated public vision 

workshops and an on-line survey, over the last four years. These initiatives 

have assessed and documented visions and values and key recommendations 

for our freshwater futures as expressed by the Upper Clutha communities. 

  

Consultation was extensive. In developing each of the Upper Clutha reports, 

(CCP and Shaping our Future (SoF) Upper Clutha Freshwater Task Force report, 

and recently the SoF Wakatipu Water Report 2020/21) multiple community 

stakeholder groups were engaged as were individual members of the public. 

Consultations initiated by the MfE Freshwater Improvement Funded WAI 

Wānaka Community Catchment Plan included: 

o ORC-led consultation undertaken from Nov 2017 to Feb 2018  

Photo: John Taylor, Lake Hāwea 
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o Shaping our Future Water Forum and Taskforce, April 2018 to 

September 2019 – includes online feedback from school children  

o WAI Wānaka Stakeholder workshops in October 2018, March 2019, 

October 2019 and more recently (with ORC) at a Deep Lakes Workshop 

in Wānaka on 2 October 2023. 

o Hui with local iwi members in March 2019 and August 2019  

o Online survey with 271 responses  

o Individual consultations with stakeholders/experts 

o Trials of a multi-criteria decision analysis tool (see Langhans and 

Schallenberg 2021). 

  

Details of these surveys and their results can be seen in the WAI Wanaka CCP 

Community-Catchment-Plan.pdf (waiwanaka.nz) and in the Shaping our Future 

(SoF) Upper Clutha Freshwater Task Force report (SoF-Final-Upper-Clutha-

Freshwater-Report-2019.pdf (shapingourfuture.org.nz)). The SoF group also 

conducted public consultation with Whakatipu basin groups with similar 

results – now available in the SoF Wakatipu Water Report 2020/21 (See SOF-

Queenstown-Freshwater-V9-2021.pdf (shapingourfuture.org.nz). 

  

A press release (3 September 2019 Upper-Clutha-Freshwater-Press-Release-

Final.pdf (shapingourfuture.org.nz)) from the SoF project stated that the 

proposed 30+ year vision for freshwater from the stakeholder/community 

consultation is: “Pure Water, Healthy Eco-systems, Engaged Community”. This 
overall vision is supported by a number of recommendations towards its 

achievement. These include:  

o Establish a formal process for ORC, QLDC and MfE to work closely with 

community groups to more effectively manage development, run-off 

systems and monitoring. (CCP actions #46, #47 and #58). See the 

example diagram on page 4 in the Upper Clutha SoF report on the link 

above. 

o Water sensitive urban and rural land use design policies. (CCP actions 

#11, #12, and #41). 

o Education and Awareness for visitors and residents to provide positive, 

strong and effective guidance to businesses, residents and visitors as to 

https://www.waiwanaka.nz/wp-content/uploads/2020/05/Community-Catchment-Plan.pdf
https://shapingourfuture.org.nz/wp-content/uploads/2021/06/SoF-Final-Upper-Clutha-Freshwater-Report-2019.pdf
https://shapingourfuture.org.nz/wp-content/uploads/2021/06/SoF-Final-Upper-Clutha-Freshwater-Report-2019.pdf
https://shapingourfuture.org.nz/wp-content/uploads/2021/09/SOF-Queenstown-Freshwater-V9-2021.pdf
https://shapingourfuture.org.nz/wp-content/uploads/2021/09/SOF-Queenstown-Freshwater-V9-2021.pdf
https://shapingourfuture.org.nz/wp-content/uploads/2021/06/Upper-Clutha-Freshwater-Press-Release-Final.pdf
https://shapingourfuture.org.nz/wp-content/uploads/2021/06/Upper-Clutha-Freshwater-Press-Release-Final.pdf
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how they care for our water and encourage community culture change. 

(CCP actions #5, #16, #21, #22, #23, #29, #48, #49, #50, #51, and #52)  

o Active Water and Environment Management Plans for all businesses. 

(CCP actions #15, #16, and #26). 

o Funding to understand the impact of invasive organisms and to establish 

a management plan to prevent, eradicate or control invasive organisms. 

(CCP actions #23, #26, and #27). See also Lake Wānaka Lagarosiphon 

Management Plan for 2016-2025. (LINZ lake wanaka lagarosiphon 

management plan - Google Search). 

o Establish and implement an Upper Clutha Freshwater Management Plan 

to ensure wetland regeneration, continuing riparian planting, reduced 

waterway contamination, aquatic habitat renewal, mahinga kai re-

establishment, and understanding and management of the effects of 

Climate Change. (CCP actions #15, #22, #23, #26, and #28). 

o Establish a research and monitoring system for the lakes, rivers and 

catchments of the Upper Clutha that is robust, nationally comparable 

and with greatly expanded scope and funding. (CCP actions #11, #13, 

#37, #38, #39, and #46). 

 

These recommendations are consistent with and reinforced by similar themes 

that emerged from the WAI Wānaka CCP consultations and are included here 

to keep them in focus for future lakes’ management planning. Results from the 

CCP online survey also showed that Upper Clutha residents and visitors place a 

high value on local waterways for a range of attributes including:  

o Safe for swimming  

o Drinkable water  

o Biodiversity & healthy native ecosystems  

o Water clarity  

o Safe for wading & other water sports  

o Control of invasive species  

o Healthy fisheries  

o Landscape/amenity values  

o Natural (or near natural) water flow regimes 

o Mauri/inherent value of waterways (and other similar cultural values) 

https://www.google.co.nz/search?ei=y70tYL4QjNLPuw_8152gDA&q=LINZ+lake+wanaka+lagarosiphon+management+plan&oq=LINZ+lake+wanaka+lagarosiphon+management+plan&gs_lcp=Cgdnd3Mtd2l6EAM6BQgAEJECOggIABCxAxCDAToCCAA6CwguELEDEMcBEKMCOggILhCxAxCDAToFCAAQsQM6CwgAELEDEIMBEJECOgoIABCxAxCDARBDOgQIABBDOgYIABAWEB46CAgAEBYQChAeOgUIIRCgAToHCCEQChCgAToECCEQFVCv_wFYlsIDYNTbA2gBcAB4AIABuQOIAeRWkgEIMi00NC4yLjGYAQCgAQGqAQdnd3Mtd2l6sAEAwAEB&sclient=gws-wiz&ved=0ahUKEwj-oYuqn_LuAhUM6XMBHfxrB8QQ4dUDCA0&uact=5
https://www.google.co.nz/search?ei=y70tYL4QjNLPuw_8152gDA&q=LINZ+lake+wanaka+lagarosiphon+management+plan&oq=LINZ+lake+wanaka+lagarosiphon+management+plan&gs_lcp=Cgdnd3Mtd2l6EAM6BQgAEJECOggIABCxAxCDAToCCAA6CwguELEDEMcBEKMCOggILhCxAxCDAToFCAAQsQM6CwgAELEDEIMBEJECOgoIABCxAxCDARBDOgQIABBDOgYIABAWEB46CAgAEBYQChAeOgUIIRCgAToHCCEQChCgAToECCEQFVCv_wFYlsIDYNTbA2gBcAB4AIABuQOIAeRWkgEIMi00NC4yLjGYAQCgAQGqAQdnd3Mtd2l6sAEAwAEB&sclient=gws-wiz&ved=0ahUKEwj-oYuqn_LuAhUM6XMBHfxrB8QQ4dUDCA0&uact=5
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Achieving adequate ongoing protection of the freshwater values submitted 

through the various community consultations is unlikely to happen if the 

investment by central, regional and local government continues at their 

current very low levels. This could lead to the scenario experienced when Lake 

Taupo began changing (colour, increasing nitrate etc) with early signs in 

around 1950s and 1960s. It was not until around the year 2000 and a short 

time later when Rotorua Lakes were clearly getting seriously polluted, that lake 

protecting limits were put in place and that central, regional and local 

government acted with urgency and committed around $225 million to try to 

reverse the declining state of those lakes. Earlier investment in evidence-based 

management could possibly have saved substantial expense and prevented 

water quality decline in these lakes. 

5 What is the water quality status of Otago’s deepwater lakes? 

The most recent and focussed efforts by ORC to monitor and define the state 

of health of Otago’s deepwater lakes are those measurements made as a part 

of the 3 years (2016-2019) out of 10, State of the Environment (SoE) reporting 

by the MfE to the Organisation for Economic Co-operation and Development, 

(OECD) as required by the Resource Management Act. Similar measures were 

made in 2009. The reporting through to an international body such as the 

OECD has a place, but agreeing to regular reporting back to local communities 

that have a direct concern and interest in the freshwater assessment results is 

something WAI Wānaka would encourage. We would also encourage more 

detail on large deepwater lakes be included in MfE’s SoE reports. As currently 
reported, the absence of detail in these reports minimises their usefulness. 

The ORC intention with SoE reporting is to align with national protocols for 

monitoring those lake attributes used to derive Trophic Level Indices (TLIs) 

acknowledging that while these indices are very useful to help narrowly define 

lake health status, they would not enable complex lake ecosystem questions to 

be answered. Attributes measured by ORC include Chlorophyll-a, (see Figure 2) 

nutrients (nitrogen and phosphorus), and Secchi depths (lake transparency). 

These enable TLIs to be calculated.  

The indices provide a guideline to the level of ecosystem health for sampled 

localities in Lakes Wānaka, Hāwea and Whakatipu and enable these lakes to be 
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assessed and ranked alongside other Otago lakes and against the NPS-FM 

requirements. The TLI3s were derived following the methods in “Protocol for 

Monitoring Trophic Levels of New Zealand Lakes and Reservoirs” (Burns, Bryers 
and Bowman 2000). The higher the TLI score the higher the level of 

eutrophication and the lower the water quality; i.e. a high score reflects high 

nutrient concentration and higher macrophyte and algal growth. Following is a 

list of nominal trophic state descriptions for each of the level intervals used for 

lake trophic level scores: 

Trophic State Description Trophic Level Index 

Ultra microtrophic <1 

Microtrophic 1-2 
Oligotrophic 2-3 

Mesotrophic 3-4 

Eutrophic 4-5 
Supertrophic 5-6 

Hypertrophic >6 
 

ORC’s 2016-2017 measurements over 12 months gave the following trophic 

levels for Otago’s deepwater lakes. 

Lake Trophic Level Index Status 

Hāwea 1.17 Microtrophic 

Whakatipu 1.34 Microtrophic 
Wānaka 1.41 Microtrophic 

Hayes (for 
comparison) 

4.25 
                                       

Eutrophic 
                            

 

This ORC monitoring had initially indicated slightly improving water quality 

around 2015 with both Lakes Wānaka and Hāwea appearing to move from an 

oligotrophic state to their current microtrophic state. These TLI3 values, while 

broadly indicative of water quality, are excellent results for the sites sampled 

and gave some confidence that in offshore near surface water, the Otago 

deepwater lakes are probably in good condition. However there are a number 

of other factors to consider, and these may show limitations in the meaning of 

the trophic levels. The measurements contributing to the TLI3s were taken at a 

depth of 10 m over deep water and near the lakes’ outlets; the reported 
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indices have not included Secchi depth and most of the phosphorus 

concentration measurements were at or below the detection limits.  

 

The latter fact, while a good indicator for the lakes’ health at the localities 

sampled, does not enable any changing trend of phosphorus (and other 

nutrients) concentration to be detected, especially in shallower near shore 

areas, near river run-off and in deep basins. These large unsampled areas could 

mask an underlying increase in chlorophyll-a, phosphorus, oxygen depletion 

and other indicators of declining quality. In fact, the recent analysis (Figure 2 

above) shows that the water quality is trending down with the increasing 

(~doubling) of chlorophyll-a observed for all 3 lakes over the 5 years 2016-

2021. 

  

All three lakes have extensive deep basins. Maximum depths are: Lake Wānaka 

311m, Lake Hāwea ~384m and Lake Whakatipu 380m. These depths and the 

lack of sampling in the deep basins could mean important changes in very large 

water bodies are occurring undetected. Such changes include the possibility 

that cold dense nutrient-rich, organic matter-rich and sediment-rich catchment 

runoff water has been sinking down into the basins, over many decades 

possibly causing nutrient accumulation, methane generation and possibly 

causing anoxic conditions.  

 

With increasing wind frequency and force due to climate change the mixed 

layer depths of the lakes will likely increase, possibly bringing deeper nutrients 

within range of planktonic algae, and leading to increased TLIs (towards 

eutrophication, i.e. declining lake health). Climate change induced 

temperature increase will also impact water stratification, hydrodynamics and 

associated biological processes, and possibly species mix. A comprehensive 

climate change modelling analysis has been prepared for QLDC by Cameron 

and Byrd (2019) of Bodeker Scientific (Alexandra). This report includes model 

results which will have significance for understanding and predicting changes 

in Lakes Wānaka, Hāwea and Whakatipu and their catchments. 

 

It is also likely that urban and rural runoff from human activity in localised 

catchments around the shallower margins and near-shore areas of the three 
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lakes could be causing changing trends in presence and possibly accumulation 

of nutrients, toxins, pathogens, sediment, organic matter and invasive species. 

This is particularly likely to occur where town proximity means stormwater 

runoff and sewage spills into the lakes are important issues.  

 

 

 

Figure 4. Bremner Bay, Lake Wanaka, November 2019. (Photo: Don Robertson) 

When this occurs, the concentration of the faecal pollution indicator bacterium 

Escherichia coli (abbreviated E. coli) is used as an important indicator to assess 

risks of freshwater contamination by pathogens such as Campylobacter, 

Cryptosporidium, Giardia, Salmonella and hepatitis A. E.coli counts are 

therefore a standard measure for drinking water quality, swimming and other 

water recreation safety. Increasing concern has occurred with Cryptosporidium 

in contamination in Lake Whakatipu.  See for example: 



Understanding and protecting Otago’s deepwater lakes   20 

   

 https://www.phcc.org.nz/briefing/queenstown-outbreak-highlights-future-

challenges-clean-drinking-water 

ORC maintains a network of ~22 water quality monitoring sites in the Upper 

Clutha. Five of these are in Lake Wānaka and two in Lake Hāwea. The rest are 

in rivers. Monitoring of E. coli levels is also 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. Lake 

Whakatipu has four sites all near the urban centre. (Different sources give 

different numbers of sites). 

The size and depth scale of the lakes, the logistics, skill levels and costs 

required all create significant challenges for progressing with evidence-based 

lakes management. In part, this has led to the current trend for minimal 

monitoring or research within the lakes with the consequent laissez-faire 

absence of management actions and minimal engagement and feedback to the 

community on water quality status.   

Along with growing community awareness and concern, these facts have also 

contributed to the recent rapid expansion of catchment-based mitigation 

activities (especially as part of urban development and Farm (or Business) 

Environment Plans) which we understand qualitatively to be beneficial for 

lakes’ water quality, biodiversity and ecosystem function. In particular these 

land based activities include riparian planting, fencing, weeding and removing 

pest plants and animals, rescuing native plants being swamped by weeds, 

enhancing and creating wetlands, reducing intensive winter grazing runoff and 

facilitating fish passage (CCP actions #14, #19, #20, #35, and #36). Assessment 

of the effectiveness of such measures on lake health is absent. 

These activities all address the unmanaged risks of declining lake health and 

departure from the communities’ stated environmental and cultural values for 

the lakes. The Parliamentary Commissioner for the Environment warned in 

2009 that “Iconic high country lakes could become polluted” and that “The 
clarity of the high country lakes should not be taken for granted”. Initiatives 
such as the CCP actions listed above all lead to mitigation of land use impacts 
that would otherwise lead to water quality decline. But, in the absence of 

https://www.phcc.org.nz/briefing/queenstown-outbreak-highlights-future-challenges-clean-drinking-water
https://www.phcc.org.nz/briefing/queenstown-outbreak-highlights-future-challenges-clean-drinking-water
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detailed assessments in the lakes themselves, we will have no way of knowing 

how well catchment based initiatives may be performing. 

WAI Wānaka supports community and government initiatives that can help 
retain the quality, biodiversity and ecosystem functioning of our deepwater 
Lakes Wānaka, Hāwea and Whakatipu and their catchments by improving our 
understanding and providing support for evidence-based management.  

6 Bring in the experts? 

There are many complex issues to be understood and addressed in the context 

of freshwater management, and land use, urban and rural. And there are many 

talented experts across NZ, including those in regional councils. WAI Wānaka 

has had opportunities, including during the Jobs for Nature and Our Land and 

Water projects and in partnership with Kai Tahu and other iwi, to help inform 

public awareness and understanding of many of the catchment and lake water 

quality issues. This would be enhanced by bringing experts from around NZ to 

Wānaka, Hāwea and Queenstown to provide input into Deep Lakes Technical 

Advisory Group meetings, to public presentations and workshops, including in 

conjunction with community groups such as the Wānaka Branch of the Royal 

Society, the Wānaka and Queenstown U3A groups and local schools. 

7 What can we do better for the future ecosystem health of Otago’s 
deepwater lakes?  

The limited ability for councils and communities to develop greater 

understanding of our lakes physical and biological processes on a whole of lake 

scale leads to a consideration of what can be done in-lake on a smaller scale, or 

using remote sensing of surface waters on a whole-of-lake scale. Following are 

a couple of recommended possible interim projects which if adopted by WAI 

Wānaka possibly with ORC, NIWA, Kai Tahu and others would enable enhanced 

understanding and more targeted management actions. There may also be 

merit in developing some kind of scorecard for each catchment-based project 

and which captures the potential benefit to the lakes water quality resulting 

from the measures/actions taken by WAI Wānaka and the community that will 

have some localised downstream water quality and ecosystem benefits.   

7.1 A Possible Roy’s Bay Lake Wānaka project:  
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The suggestions here are based on the assumption that we (the whole 

community) probably won’t be able to turn off all the sources of urban or rural 

contamination, especially under the current and pending large scale and rapid 

urban development growth in the Roys Bay catchment of the Wānaka area 

south of the line in the map below (Figure 6) and also around Lake Whakatipu. 

Nevertheless to meet the government’s National Objectives Framework (NOF) 

with evidence-based management and mitigation we will need to understand 

our impacts on this part of Lake Wānaka, its water quality, its ecosystem 

functions and impacts on community users as well as what the limits are – if 

any, for volumes and quality of continuing and growing contaminated 

stormwater runoff into the lake. (See 5. A national objectives framework | 

Ministry for the Environment (mfe.govt.nz)) 

The development of a programme of action to conform with meeting the 

community’s values for Lake Wānaka and its ecosystems should be consistent 

with the NPS-FM’s NOF and assist ORC with their achievement. With a 3 year 

programme of observation, measurement and research we could aim to model 

the local lake (greater Roy’s Bay) environmental, physical, chemical, biotic 

attributes, and model any effects of human impacts – in order to develop 

mitigation measures, management actions to minimise contaminants, 

pathogens, silt, nutrients etc, and maintain or improve water quality, 

biodiversity and ecosystem function.  

What happens in the inner Roy’s Bay area south of a line between Eely Point 

and Waterfall Creek will likely be a smaller component of what happens in the 

larger embayment in the map, especially in relation to flow rates and 

contaminant residence times. Research results from such a project will be 

essential to determine options for management actions - something that we 

would hope to see implemented for all three lakes through WAI Wānaka’s 
partnerships with Otago Regional and Queenstown District Councils, Kai Tahu 

and our communities. 

Questions to be addressed to help provide good management outcomes could 

include: 

https://www.mfe.govt.nz/publications/fresh-water/freshwater-reform-2013-and-beyond/5-national-objectives-framework
https://www.mfe.govt.nz/publications/fresh-water/freshwater-reform-2013-and-beyond/5-national-objectives-framework
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o What is the best way of assessing the nature and extent of key 

components of physical, chemical, biological pollution in the Roy’s Bay – 

Bremner Bay areas of Lake Wānaka?  

How many of the following questions are important for managing this segment 

of Lake Wānaka? How do we prioritise them? 

o what are water flow properties in this segment of Lake Wānaka 

under northerly or southerly or no wind? (see WAI funded water flow 

study of Roys Bay by NIWA). 

o how does this vary seasonally? 

o what are differences between surface and bottom water flows? 

o what is residence time for water in the inner bay – say south of a line 

between Waterfall Creek and Eely Point – seasonally? Under different 

conditions, such as under high and low rainfall? 

o what is the residence time of water in the greater Roy’s Bay area? 

o how does the mixed layer depth vary seasonally? Under various wind 

conditions? Lake levels? 

o What are the localised roles of Bullock Creek, Waterfall Creek and 

other lake inflows, including groundwater?  

o What is coming in from all other streams, springs, stormwater drains, 

direct urban street run-off and what impacts could runoff 

components have on community lake users? (See CCP actions #8, 

#11, #12, #13, #14, #18, #21, #50 and #52). 

o what are the seasonal temperatures across the whole survey area? 

o what are the levels of human waste/sewage indicators - E.coli, total 

coliforms, nutrients, (See CCP actions #8, #17 and #49). 

o how bad are other waste items such as microplastics, polycyclic 

aromatic hydrocarbons, animal waste/ pathogens (toxoplasmosis?), 

emerging organic compounds – if any, heavy metals? 

o what are the sources and sinks of inflowing pollutants?  With high 

wind, no wind? High water, low water?  

o does the lake water quality impact town supply drinking water 

entering the intakes? 

o what are the impacts of physical, chemical, biological pollution on 

lake ecosystems? On lake transparency? On community well-being?  
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o how do we reduce the volume of rubbish accumulating in our lakes 

and along their shorelines? Accumulation of rubbish is a growing 

concern around our lakes. (Figure 5). 

 
 

Figure 5: Rubbish picked up in an hour along the Lake Wanaka 

foreshore, marina and towards Bullock Creek. Crux 17 July 2024. 

Photo by Petrina Duncan, Southern Lakes Sanctuary. 

 

o what’s driving Lindavia lake snow and what has happened to pico-

cyanobacteria that were main primary producers before lake snow 

seemed to take over? Why? 

o what are the basic properties of the benthic communities and 

planktonic communities – from micro to macro? Distribution and 

abundance? Biomass?  Biodiversity? Seasonality?  

o what are the most useful metrics or indices of biodiversity (e.g. 

submerged plant index - LakeSPI)? Macroinvertebrate Community 

Index (MCI)? Fish index of biotic integrity (IBI)? How are these 

changing?  

o what are measures/maps of distribution and abundance of macro-

organisms (fish, birds), aquatic native and invasive plants.  

o what are levels of primary productivity (Chlorophyll-a)?  What are the 

main biological players? Seasonally? Is Chlorophyll-a increasing? 

Why? What are seasonal nutrient levels (N & P)? 

o what are the roles of pest plants and animals (Lagarosiphon, lake 

snow, Daphnia pulex, Canadian pondweed, Canada geese etc). Are 
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there any negative impacts from herbicides used to remove 

Lagarosiphon? 

 

Clearly there are links and possible synergies with aspects of Aspiring 

Environmental’s project along the inner shoreline parts of Roys Bay, and good 

reasons for these projects to link. 

However, the scale of research necessary for addressing questions such as 

those listed above is not trivial, and will not easily mesh with WAI Wānaka’s 
capabilities, role or opportunities. The current approach for all three lakes is 

less than minimal, and will result in steady decline of the lakes water quality, 

ecosystem function and community well-being. A substantial research program 

is required (see section 12, page 35) to support evidence based lakes 

management. 

  

 Figure 6: Proposed greater Roy’s Bay Lake Wānaka survey area 

7.2 Remote sensing possibilities: 

There are a number of possibilities for the use of remote sensing (satellite 

derived and also using drones and/or aircraft based LIDAR) time series data for 

measuring lake and catchment attributes to help develop catchment 

management decisions. Based on advice from Xerra (formerly the Centre for 

Space Science Technology) in Alexandra, on remote measurement of aspects of 

water quality in NZ lakes and rivers, data from the following satellites could 



Understanding and protecting Otago’s deepwater lakes   26 

   

possibly be useful to address Otago deepwater lakes research questions 

relating to surface water: 

o Landsat 8 which has a 16 day return, 4 spectral bands and a 10m pixel. 

This has a north-south orbit – Lakes Wānaka and Hāwea are in an area of 

overlapping paths with 5-6 images per year; 

o European Space Agency (ESA) Sentinel satellites 2 A & B have a 5 day 

return, 4 spectral bands and, 

o ESA Sentinel 3 has a 1 day return, 11 spectral bands, 300m pixel (and has 

a better signal to noise ratio). 

o Other data sources that may be of help to us include the NASA Terra & 

Aqua MODIS satellites and USGS Landsat (with 30 m resolution). 

Also of relevance in the context of assessing remote sensing measurement in 

the Upper Lakes rohe is the  MBIE funded Xerra/University of Waikato study, 

led by Dr Moritz Lehmann “Eye on lakes: national monitoring of cyanobacterial 
blooms”. The approach taken by this project could perhaps advance other 

remote sensing measurements for NZ water quality applications where optical 

properties are affected. This includes the ability for close to real time 

monitoring of total phytoplankton as chlorophyll-a, suspended sediments and 

possibly surface temperature over time and across the surfaces of the lakes. 

Another project of relevance to our deepwater lakes also involves Dr Lehmann: 

“Lakes Resilience—Enhancing the health and resilience of New Zealand’s 
lakes.” This MBIE Endeavour Smart Ideas project (2015-2019) was to “increase 

the capability of decision-makers and managers to achieve favourable 

outcomes for lake health and resilience at a national scale and to raise the 

level of knowledge about how lakes respond to environmental pressures and 

management solutions”. An outcome of this programme is development of a 

sensor to allow for real-time monitoring of important water quality attributes 

and improving algorithms for satellite-based methods.  

 

A study using remote sensing of the Rotorua lakes (Allan et al 2007) found that 

“remote sensing provides synoptic predictions of water quality which can aid 

our understanding of the patterns of spatial variation of water quality and its 

causes.” And also that “..chlorophyll-a pixel by pixel concentration maps 

provide insight into spatial variability in lakes with high spatial variation..”.  
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Given the advances in the volume and quality of satellite data since 2007, WAI 

Wānaka could explore the possibilities of collaboration with Xerra/University 

of Waikato or other sources of expertise to assess the utility of remote sensing 

data for enhancing understanding of chlorophyll-a suspended sediment flow 

and possibly TLI in the deepwater lakes in Otago’s Upper Lakes rohe, (see also 

Wang et al 2018). 

There could be research to provide new understanding of the dynamics of the 

lake snow organism Lindavia in Lakes Wānaka, Hāwea and Whakatipu if it can 

be detected remotely. A possible test could be to examine appropriate satellite 

data of the surface of Stevensons Arm, Lake Wānaka for the month of June 

2016 when a large Lindavia bloom was observed. Perhaps ground-truth for this 

could also be provided by the in-situ Raman spectroscopy being developed in 

Phil Novis' (LandCare Research) “Lake Snow Toolbox” project. 

8 Lakes Biodiversity status and trends 

Very little quantitative or synoptic information exists on the biodiversity of 

Otago’s deepwater lakes. The intent by MfE to assess biodiversity metrics in NZ 

lakes is less specific in the NPS-FM where all direct reference to biodiversity is 

to that in rivers and wetlands. The requirement to address lakes’ biodiversity is 
found in Appendix 1A (see text box on page 12) which refers to “Aquatic life – 

the abundance and diversity of biota including microbes, invertebrates, plants, 

fish and birds” and further, NPS-FM Section 3.30 Assessing and Reporting (3) 

states “..the regional council must publish an ecosystem health scorecard that: 

(a) reports on and gives a score for the state of each component of the value 

ecosystem health (as described in Appendix 1A) in each FMU in the region.”  

 

The level of expertise required to provide data and/or analyses for ORC to 

meet these requirements and publish an ecosystem health scorecard for even 

selected components of biodiversity in the Otago deepwater lakes is likely to 

be beyond the capability of current WAI Wānaka employees but could be kept 

in mind when recruiting staff. There would be scope for WAI Wānaka to assist, 

but this would need to be done in conjunction with ORC staff, experts such as 

NIWA and/or other consultants.   
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A possible first target project could be to prepare a report for deepwater lakes 

such as the excellent NIWA report “Scoping indicators for impacts on 

freshwater biodiversity and ecosystem processes of rivers and streams” 
prepared for the Ministry for the Environment by Storey et al in May 2018. This 

report includes recommendations for a number of river/stream ecosystem 

component indicators including periphyton, macrophytes, macroinvertebrates, 

freshwater fish, freshwater dependent birds and some flowing water 

ecosystem function indicators.   

 

A similar approach could be taken to prepare recommendations for lakes 

indicators and including phytoplankton, zooplankton, benthos, macrophytes 

(using the LakeSPI (submerged plant index) system) macroinvertebrates (using 

the Macroinvertebrate Community Index (MCI)), fish (possibly using a fish 

index of biotic integrity (IBI)), plus freshwater dependent birds and appropriate 

freshwater ecosystem function indicators. 

 

Also of relevance is the NIWA modelling approach to understand and establish 

catchment nutrient limits for Lake Benmore (Norton et al 2009) plus Lake 

Benmore and other lakes in the upper Waitaki catchment taken by ECAN (see 

paper by Clarke 2015) which builds on the NIWA 2009 modelling and also 

includes possible lessons and opportunities for our approach to the Otago 

deepwater lakes.  

 

There may be new approaches with the development of the new National 

Policy Statement for Indigenous Biodiversity (NPSIB) recently (22 June 2022) 

released as an exposure draft for further consultation. The treatment in the 

initial and exposure drafts of the NPSIB of freshwater biodiversity continues to 

indicate a weak link. Page 4 (section 1.3(1)) of the exposure draft states “this 
National Policy Statement applies to indigenous biodiversity throughout 

Aotearoa New Zealand, other than indigenous biodiversity in the coastal 

marine area and aquatic indigenous biodiversity”. For freshwater ecosystems 

there is only vague reference to regional biodiversity strategies. Given the title 

and the intent of the NPSIB, there should be a comprehensive tangible link 

with equivalent policy documents dealing with freshwater ecosystems and/or 

the NPSIB should include freshwater biodiversity – or at the very least link to 
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appropriate sections in other policy documents such as the NPSFM. However, 

the NPSFM is not strong on lakes biodiversity. An important step to be 

addressed in preparing the final NPSIB will be to ensure that the protection or 

enhancement of lakes biodiversity is not overlooked or diminished. 

 

9 Invasive species 

 

The following section is not a definitive list of all invasive species in Lakes 

Wānaka, Hāwea and Whakatipu and provides only brief comment on some of 

the worst. 

 

9.1 Lindavia intermedia – Lake snow in Lakes Wānaka, Hāwea and 

Whakatipu 

 
Public concern continues to be expressed at issues caused by the growing 

presence in Lakes Wānaka, Hāwea and Whakatipu (and at least 17 other South 

Island and three North Island lakes) of Lindavia intermedia, the invasive 

microscopic (~10 micron diameter) planktonic diatom which produces chitin 

based mucus (Novis et al 2020) known as lake snow (but only in six of these 

lakes have episodes of lake snow been reported, ORC 2022). Lindavia 

continues to form large blooms, clogging the Wānaka and Whakatipu township 

water reticulation system, domestic and commercial water filters, boat engine 

cooling filters, coating swimmers and clogging fishing lines. Negative 

ecosystem effects are unknown but likely to be significant. 

 

Figure 7: Domestic water filter clogged with lake snow, Wānaka. 

Photo Matt Davison 
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Lindavia appears to have been present in Otago Lakes since 2004. Limited 

research into trends in Lindavia growth and spread prevents understanding of 

the lake processes and assessment of pending risks. Community concern about 

lake snow issues has been raised with ORC and QLDC a number of times.  

 

Figure 8: Lindavia (Image source:  Encyclopedia of Life: http://eol.org/data_objects/11389729) 

Some measurements of lake snow presence/absence and a crude index of 

abundance have continued to be made by ORC, albeit at only two localities.  

QLDC has talked of planning a large scale test of filtration options at the 

Wānaka town water supply reticulation intakes. They have also contracted 

toxicity tests on lake snow.  

 

Figure 9: Part of a 6+ hectare surface bloom of Lindavia slime  

in Stevensons Arm, Lake Wānaka June 2016  

 

Lindavia lake snow contamination has flowed down the Clutha and Kawarau 

Rivers from Lakes Wānaka, Hāwea and Whakatipu and is now affecting Lake 

Photo: Davy Pattison 

http://eol.org/data_objects/11389729
http://media.eol.org/content/2010/03/21/04/19239_orig.jpg
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Dunstan and Central Otago District Council town water supply pumping 

equipment (in Alexandra and Clyde) despite significant filtration through gravel 

beds. Increased investment in R&D will be required to circumvent this 

problem.  

Opportunity for involvement of WAI Wānaka or Jobs for Nature in 

understanding Lindavia are likely to be limited, however, WAI Wānaka could 

discuss with Dr Phil Novis leader of Landcare Research’s MBIE funded “Lake 
Snow Toolbox” project whether he has planned any follow up to his project 

such as trials on his Raman laser spectroscope, that WAI Wānaka might 

collaborate with. 

As mentioned above, a study to test lake snow visibility in the deepwater lakes 

from satellites could prove whether or not there is sufficient data to improve 

understanding of the nature and extent of Lindavia, when and where it spreads 

within the lakes under different conditions. ORC funded DNA research by 

Landcare Research has shown that local Lindavia invasion is likely to have been 

introduced from overseas and is genetically identical to Lindavia samples taken 

from Lake Youngs in Washington State in the USA.  

9.2 Lagarosiphon major (South African oxygen weed). 

Lagarosiphon is a large invasive aquatic macrophyte and has been established 

in Lake Wānaka since the early 1970’s. It has been found in a few sites in Lake 

Whakatipu in small enough quantities to be removed, but continues to be 

found when sites show new settlement (e.g. Kingston). Lagarosiphon spreads 

readily by dispersal of stem fragments and is able to colonize new habitats 

rapidly. Its rapid growth enables it to out-compete slower growing native 

macrophytes. It is considered one of the worst invasive water weeds in NZ. It is 

not present in Lake Hāwea – probably because the range of lake level rise and 

fall due to hydroelectric generation is controlled at 8 metres which happens to 

be the depth range limit of growth for Lagarosiphon. 

 
The Lagarosiphon Management Plan for Lake Wānaka is the single example of 
a reasonably well funded and very well run management plan for any 

ecosystem component in Lakes Wānaka, Whakatipu or Hāwea. The Lake 
Wānaka Lagarosiphon Management Committee comprises representatives 
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from 5 agencies: Land Information New Zealand, Guardians of Lake Wanaka, 

Otago Regional Council, Queenstown Lakes District Council and Department of 

Conservation. The 10 year plan is comprehensive and successful, has run since 

2005 with an adaptive management approach, and is monitored and updated 

regularly. 

The Lagarosiphon management programme vision statement is “To contain 

spread and progressively remove Lagarosiphon from Lake Wānaka” and this is 
what it has been successful in doing. 

A variety of control methods are being used; hand weeding by divers, suction 

dredging, two herbicides (Diquat and Endothall ) and lake bed bottom lining 

with jute hessian. Three main areas are targeted across the whole of the lake 

in depths where it is shallow enough for Lagarosiphon to grow; in an 

eradication zone, a buffer zone and a target control zone.  There is an 

exception to this – and that is the area of Lagarosiphon around the Wānaka 

Marina which is the responsibility of the Wānaka Marina Company. There may 

be scope for WAI Wānaka to work with the Marina Company to help solve 

their local control issues. 

 

Figure 10: Lagarosiphon major, South African oxygen weed 

The LINZ-Boffa Miskell-NIWA Lake Wānaka control programme has been 

funded by Land Information NZ (LINZ), both councils, and an anonymous 

   Photo: Mary de Winton NIWA 
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benefactor. Up until 2019 the total programme funding was around $420k per 

year. Government funding was increased in 2019. The budget for 2022-23 was 

$893k, ($873k from LINZ and $20k from QLDC). Opportunities might exist for 

WAI Wānaka or Jobs for Nature staff to be involved with some Lagarosiphon 

field work. This possibility could be followed up with Tracey Burton, LINZ 

programme director, Marcus Girvan (Boffa Miskell project manager) and Mary 

de Winton (NIWA scientist). 

9.3 Canadian Pond Weed (Elodea canadensis) 

The Canadian pond weed is present in Lake Wānaka, and has been since at 

least the 1970s. In 2020 (see Burton 2021) it was re-discovered in Lake Hāwea 

for the first time (since 1992) during a survey by NIWA funded by ORC. ORC has 

received the survey report (September 2021) but has indicated they are 

unlikely to attempt to remove Elodea from Lake Hāwea. 

9.4 Canada goose (Branta canadensis) 

The Canada goose was declared an unprotected species in NZ in 2011 due in 

part to its expanding populations and because of the impact it was having 

around Lakes Wānaka, Hāwea and Whakatipu and parts of their catchments 

due to feeding on near-water pasture. In addition to competing for food with 

farm livestock, their faecal contamination of nearshore shallow parts of the 

three lakes and nearshore pasture as well as aggression towards native bird 

species are problematic.  

 

There is also the issue of Canada geese carrying, and their possible 

transmission of pathogens. According to Spurr and Coleman 2005, “Canada 

geese are carriers of a number of significant diseases, including avian influenza, 

Campylobacter, Escherichia coli, and Salmonella (Clark 2003). They have the 

potential to transmit these diseases to humans and livestock, although 

definitive data are lacking. Canada geese also carry some of the same parasites 

carried by native waterfowl such as paradise shelduck, grey duck (Anas 

superciliosa), shoveler (Anas rhynchotis), and scaup (Aythya novaeseelandiae)”. 
 

Apart from occasional Canada goose culls by shooting from helicopter, and also 

by destroying eggs on nests there does not seem to be a coordinated effort in 



Understanding and protecting Otago’s deepwater lakes   34 

   

the deepwater lakes and their catchments to control the population. WAI 

Wānaka may wish to consider assessing the status of Canada geese around 

Lakes Wānaka, Hāwea and Whakatipu and whether any coordinated 

management plan exists or needs to be developed. 

 

10 Longfin Eels (Anguilla dieffenbachia) and other fish species 
 

10.1 Longfin eels 

Before the Clutha and Hāwea Rivers were dammed and before the unregulated 

expansion of the eel fishery, Lakes Wānaka, Hāwea and Whakatipu and 

tributaries in their catchments were teeming with longfin eels, NZ’s top 
freshwater predator. As a part of Contact Energy’s consent conditions for 

hydro-generation in the Clutha River, there is a requirement to maintain a 

programme to restock longfin eel elvers and lamprey above the dams at 

Roxburgh, Clyde and Hāwea and to also provide safe passage of migratory eels 

from the lakes to below the Roxburgh dam. These measures could have the 

effect of beginning to restore longfin eel numbers to Lakes Wānaka and 

Hāwea, but lack of adequate monitoring leaves this uncertain. (Also, there 

seems to be no plan to release longfin elvers in Lake Whakatipu, but no clear 

reason not to).  

WAI Wānaka has had discussions with Contact Energy about their elver and 

lamprey release strategy, and believes that there could be benefits in our 

working together with Contact Energy, DOC and Kai Tahu to help enhance the 

longfin eel populations in the deepwater lakes and their tributaries, and to 

minimise the mortality in dam turbines of downstream migrating adults.  

 
10.2 Other fish species 

The acclimatisation of brown and rainbow trout and quinnat salmon in the 

three lakes and their catchments, and the removal of longfin eels must have 

had a significant impact on the smaller native fish species in the lakes and their 

tributaries. The declining eel population would likely enhance populations of 

galaxiids and bullies. Trout and salmon introduction would likely reduce them. 

Koaro (Galaxias brevipinnis) have also suffered considerable habitat loss and 

are now a threatened species, although they are ranked by DOC as “At Risk, 

Declining”, the lowest threat category. Dr Gerry Closs, University of Otago 

considers them abundant in many Lake Wānaka tributaries. Common bullies 
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(Gobiomorphus cotidianus) are widespread in all three lakes, but according to 

anecdotes from some trout fishers, their numbers are well down on what they 

were historically. However, given that the common bully’s depth range extends 
to 80m water depth, such anecdotes would be based only on perceptions of 

the first metre or so deep around shallow lake edge habitat where bullies 

would be visible. There is scope for research on distribution, abundance and 

population status over time of both koaro and the common bully. WAI Wānaka 

could contribute to projects including citizen science projects to improve 

understanding of the status of these species. 

 
11 Lakes catchment farm stocking rates 

To better understand the changes in farm runoff into rivers and the level of 

nutrients running off catchment farm land and into Lakes Wānaka, Hāwea and 

Whakatipu, a potentially useful data set would be the information on the past 

and present stocking rates on all farms in the catchments of the three lakes. 

For example during a discussion at the 2013 Seminar hosted by the Guardians 

of Lake Wānaka, one high country run holder stated using his property as an 

example, that “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.” (Seminar hosted by Guardians 

of Lake Wanaka - 12 March 2013 (doc.govt.nz) ). This 15 fold increase over 23 

years may not be typical but may be indicative of pressures from rural land use 

changes. It would be useful for assessing potential runoff impacts to know 

what changes over time there has been in each of the farms in the catchments 

around each of Lakes Wānaka, Hāwea and Whakatipu and also what the 

tonnages of fertiliser have been added annually to catchment pasture. This 

could be a valuable and informative project for WAI Wānaka and as part of 

Farm (Business) Environment Plans for farms in the catchment. 

12 It’s time for a larger Otago Upper Lakes Rohe research initiative 

We need to more effectively progress forward from the current lack of 

understanding of the three Otago deepwater lakes to minimise risks of 

declining water quality and diminishing ecosystem health. To do this we need a 

large scale research project (such as an Endeavour Research Programme) 

funded by the Ministry for Business, Innovation and Employment (MBIE) on a 

https://www.doc.govt.nz/Documents/about-doc/role/guardians-of-lake-wanaka-seminar.pdf
https://www.doc.govt.nz/Documents/about-doc/role/guardians-of-lake-wanaka-seminar.pdf
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scale of ~$15 million and running for 5-6 years. This is needed to tackle the 

many complex questions posed in this WAI Wānaka Strategy document. Ideally 

a project such as this would be carried out by a team of freshwater scientists 

from Universities such as Otago, Waikato, Canterbury as well as NIWA, 

Cawthron Institute and other research providers in partnership with 

communities and Kai Tahu in the Otago Upper Lakes rohe. WAI Wānaka would 

strongly support such a project application being prepared for re-consideration 

by the MBIE research funding process in 2024 or 2025.  

NZ needs a roadmap to help guide monitoring and research-based modelling 

to support management decisions for its large deepwater lakes and their 

catchments at a time of increasing pressures and damaging changes, like those 

impacting our Lake Taupo, Rotorua Lakes and many of the great lakes in 

Europe, USA and China. 

13 Conclusion and Recommendations 

Physical and ecosystem processes and environmental impacts in large 

deepwater Lakes Wānaka, Hāwea and Whakatipu in the Otago Upper Lakes 

Rohe are poorly understood. The lack of understanding of the lakes and of the 

impacts of catchment land use places them at risk of unmanaged declining 

water quality and declining ecosystem processes, declining biodiversity and 

expansion of invasive species. These lakes and their catchments are very highly 

valued assets and daily enjoyed by local communities, by residents from 

around NZ and international tourists (pandemics permitting). The lakes 

community’s well-being depends on the lakes remaining pristine. Urban and 

rural developments in the lakes catchments have been expanding for decades 

but without concurrent expansion of monitoring and research efforts, process 

modelling to provide coherent evidence-based lakes management. Perhaps it’s 
also time to advocate for an economic evaluation of the ecosystems services of 

Otago’s deepwater lakes (see for example Cameron et al 2020).  

Significant initiatives are required to raise the level of understanding and to 

put in place processes for determining what specific monitoring and research 

are required, and to advance stakeholder supported evidence-based 

management decisions. There are both logistical and cost constraints around 

the challenge of making time series measurement of attributes and processes 
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in lakes of the size and depth of Wānaka, Hāwea and Whakatipu. Nevertheless 

these constraints cannot be used to justify a minimal approach, particularly if 

we wish to retain all that is valued about our lakes’ attributes. 

WAI Wānaka supports the following actions for reducing risks to Otago’s 
deepwater lakes: 

o Agreement on the establishment of a formal lakes management 

decision-making process with stakeholders to guide future 

research, monitoring and lakes’ management actions. This could 

be built on a Deep Lakes Technical Advisory Group (see Appendix 

B below). WAI Wānaka is pleased to note such a group was 

established by ORC in November 2023. 

o Agreement on and commencement of measurements to provide 

research assessments of lakes ecosystem health status based on 

harvesting existing data and building on ORC’s NPS-FM required 

attribute sampling to address key questions about lakes’ 
ecosystems and biophysical processes. (Many of the questions are 

described above in this document). 

o Increase lakes water monitoring including buoys, deepwater 

sampling and remote sensing of surface water. 

o Support a large scale bid for an MBIE funded Otago deepwater 

lakes research project to match the scale of the research 

questions and scale of the three lakes environments. (A second 

such bid to MBIE by Dr Schallenberg, Otago University, and others 

was declined). 

o Align the research needs of the Otago Upper Lakes Rohe and 

requirements of freshwater environmental policy documents from 

the Ministry for the Environment, with Ministry for Primary 

Industry and Kai Tahu freshwater aspirations as well as Otago 

Regional Council’s emerging Land and Water Plan. 

o Facilitate progress towards achieving WAI Wānaka’s Community 

Catchment Plan’s actions for lakes including those actions in parts 

of catchments that mitigate negative effects of land use on the 

lakes. (WAI Wānaka’s Jobs for Nature and Our Land and Water 
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and Knowledge into Action for Te Taiao projects have included 

initiatives to support the CCP actions). 

o Use this strategy to identify potential projects based in the lakes 

catchments that enhance water quality flowing into the lakes. 

There could be merit in developing a scorecard which captures, 

for each of WAI’s catchment-based JfN and Our Land and Water 

and other projects, the potential localised downstream benefit to 

the lakes water quality and ecosystems resulting from the 

measures/actions taken in the lakes catchments.  

o Enhance preparedness for modelling and managing effects of 

climate change on lakes hydrodynamics and ecosystem health. 

o Increase public awareness, understanding and engagement in the 

challenges to the health of Otago deepwater lakes by bringing 

experts to the District to present to public meetings and school 

groups. 

Understanding of the hydrodynamics, water quality, ecosystem health and 

biodiversity of our deepwater lakes have been drifting unmanaged for too 

long. 

14 Appendix A: WAI Wānaka Freshwater Improvement Fund Literature 

Review – edited summary of Tables 8 & 9. 

Included below are edited versions of two tables (8 & 9) extracted from the 

WAI Wanaka Literature review (see 20191101-Literature-Review-FINAL-Nov-

2019.pdf (waiwanaka.nz)).  These have been edited to focus on aspects of 

lakes and included here since they reinforce some and complement other 

recommendations/suggestions in this strategy.  

Table 1: Summary of research gaps and recommendations (edited for Upper Lakes Rohe) 

Identified Gap Research recommendation 

Understanding of the links between land use 
and/or land management practices and the 
health or state of receiving lake environments 

Investigation of relationships between land use 
and/or land management practices to identify 
the most influential linkages between individual 
parameters or groups of parameters.  (see 
recommendation in Table 2 below).   

Understanding of current environmental state 
and trends based on existing data from 
conventional and disparate data sources 

There is a large amount of data collected for 
disparate purposes that may complement the 
more conventional data records and add to 
understanding of lake environmental trends 

https://www.waiwanaka.nz/wp-content/uploads/2020/02/20191101-Literature-Review-FINAL-Nov-2019.pdf
https://www.waiwanaka.nz/wp-content/uploads/2020/02/20191101-Literature-Review-FINAL-Nov-2019.pdf
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and status. 

Causes of invasive nuisance organism 
incursions or proliferations 

Investigation into the drivers for proliferation of 
invasive organisms such as Lindavia intermedia 

and Lagarosiphon. 

Review of controls for management of invasive 
nuisance organism incursions or proliferations 

Investigation of additional controls that could 
be adopted to eliminate or manage invasive 
organisms such as Lindavia intermedia and 
Lagarosiphon. 

Understanding of the vulnerability for 
establishment of new invasive nuisance 
organisms  

Investigation into what other invasive 
organisms the Otago deepwater lakes may be 
vulnerable to.   

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.  

Local environment and climate specific urban 
design standards/guidelines 

Development of recommended best practice 
for urban development that has low impact on 
lakes. 

 

Table 2: Summary of monitoring gaps and recommendations (edited for Upper Lakes Rohe) 

 

Identified Gap Monitoring recommendation 

Tracking of land use changes over time to 
“paddock” scale 

Develop a method for regular collection and 
analysis of aerial and/or satellite-based 
imagery.  Develop automated processes for 
analysing data using AI or other techniques 

Tracking of land management practice changes 
over time to “paddock” scale 

Develop a method for collection and analysis of 
this key information source.  For agricultural 
use this could be done through monitoring of 
Farm Plans.   

Consistent long-term monitoring of lake water 
quality 

Design a comprehensive and properly 
resourced long-term water quality monitoring 
programme that covers lake receiving 
environments  

Consistent long-term monitoring of 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 lake receiving environments. 

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. 
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15 Appendix B:  Draft concept for an Otago Alpine Deep Lakes Technical 

Advisory Group and Management Working Group proposal for the 

Upper Lakes Rohe. [This process was agreed in discussions in, and 

following, a deep lakes workshop in Wanaka (2/10/23)]. 

After discussions between ORC and WAI Wānaka, the following was 

suggested to be considered as Draft Terms of Reference for a possible 

Technical Advisory Group to advise ORCs recently formed Otago Inland Deep 

Lakes Management Working Group. 

Draft Terms of Reference for an Otago Inland Deep Lakes Technical Advisory 

Group proposal for the Upper Lakes Rohe. (revised 25-10-23) (This concept 

was informally discussed with several Otago Regional Councillors for action 

(June 2022)) 

We urgently need a way of meshing Otago Regional Council’s land and water 
plans with assessments of deep lakes health in order to expand monitoring, 
research and modelling to ensure that Otago’s deepwater alpine lakes are 
supported by evidence-based management decisions and to ensure that they 
do not degrade any further.  

A Deep Lakes Technical Advisory Group could operate under the following (or 
similar) Terms of Reference: 

• Give effect to the principles, targets and goals of those parts of the ORC Land 
and Water Plan that contribute to Otago’s deep lakes management. 

• Engage with Kai Tahu, observing tikanga Māori. 
• Comprise Technical Advisory Group members selected on the basis of their 

experience and knowledge and not representation of a particular group. 
Members will contribute knowledge and perspective but not promote the 
views or positions of any particular interest or stakeholder group. 

• Give consideration to, and balance the interests of water stakeholders and 
communities in the lake’s catchments, in debate, research planning and 
recommendations for evidence-based decision-making for lakes management. 

• Objectively assess existing knowledge of lakes health, ecosystem function, 
biodiversity and other information needed to meet requirements of the 
National Policy Statement for Freshwater Management and National Policy 
Statement for Indigenous Biodiversity. 
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• Work in a collaborative and co-operative manner using best practise to agree 
on research necessary to reach evidence-based solutions to ensure lakes high 
water quality, ecosystem health, and indigenous aquatic biodiversity.  

• Assess existing and new deep lakes research and modelling required to address 
key questions to support evidence-based management actions to be 
recommended to the Otago Inland Deep Lakes Management Committee. 

• Encourage a community education approach on catchment and lakes water 
management. 

• Develop research to bridge the gaps in understanding between land-use 
actions in catchments and their impacts on water quality in the lakes. 

• Seek consensus by the Deep Lakes Technical Advisory Group Members in 
decision-making where possible. Where unanimous agreement is not able to 
be reached, a recommendation may be taken if in the view of the significant 
majority (say 75% or more of members) it represents the best approach to 
serve effective lakes’ management. 

• Call and operate meetings of the Deep Lakes Technical Advisory Group in 
accordance with the requirements of the Local Government Official 
Information and Meetings Act 1987. 

• Provide reports and recommendations to the ORC Otago Inland Deep Lakes 
Management Working Group, and contribute to its Purpose, Role and Scope. 

• Be funded by MfE, MPI, LINZ, DOC, MBIE, Kai Tahu, ORC and QLDC. 
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Abell, J.M., Özkundakci, D., Hamilton, D.P. van Dam-Bates, P.  and McDowell, 
R.M. 2019: Quantifying the Extent of Anthropogenic Eutrophication of Lakes at 
a National Scale in New Zealand. Environ. Sci. Technol. 2019, 53, 9439−9452 

Allan, M.G., Hicks, B.J. and Brabyn, L. 2007. Remote sensing of the Rotorua 
lakes for water quality. CBER Contract Report No. 51, client report prepared for 
Environment Bay of Plenty 

Approaches to assessing ecological integrity of New Zealand freshwaters 

(doc.govt.nz) 

Arbuckle, C. 2019: Wanaka Catchment Group, Alpha Burn Station Land 
Environment Plan 29 pages. 

Autonomous vertically-resolved monitoring of Lake Manapouri.pdf 

https://www.doc.govt.nz/Documents/science-and-technical/sfc307a.pdf
https://www.doc.govt.nz/Documents/science-and-technical/sfc307a.pdf
https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/about-us/presentations/science-conference-posters-2016/documents/Autonomous%20vertically-resolved%20monitoring%20of%20Lake%20Manapouri.pdf


Understanding and protecting Otago’s deepwater lakes   42 

   

Bayer T.K. 2013: Effects of climate change on two large, deep oligotrophic lakes 
in New Zealand Thesis submitted for the degree of Doctor of Philosophy at the 
Department of Zoology University of Otago, Dunedin, New Zealand. 

Bayer, T. and Meredith, A. 2020: Canterbury high-country lakes monitoring 
programme – state and trends, 2005-2019 Report No. R20/50 ISBN 978-1-99-
002707-9 (print) 978-1-99-002708-6 (web). 208pp 

Beef & Lamb NZ, October 2017: High Country Lake Catchments Environment 
Project: Farming in a Challenging Environment. 28 pages. 

Beentjes, M.P. & Jellyman, D.J. 2003: Enhanced growth of longfin eels, Anguilla 
dieffenbachii, transplanted into Lake Hāwea, a high country lake in South 
Island, New Zealand, New Zealand Journal of Marine and Freshwater Research, 
37:1, 1-11 

Bickel, T. 2006: Lagarosiphon major: an Introduced Macrophyte and its 
Ecological Role in the Littoral of Lake Dunstan, New Zealand. A thesis 
submitted for the degree of Doctor of Philosophy at the University of Otago, 
Dunedin, New Zealand. 
 
Burns, N. Bryers, G. and Bowman, E. 2000: Protocol for Monitoring Trophic 
Levels of New Zealand Lakes and Reservoirs. Lakes Consulting, Client Report 
99/2 Prepared for the Ministry for the Environment. 

Burton, T. 2021: Assessment of six lakes in the Otago Region using LakeSPI 
Prepared for Otago Regional Council June 2021. 44 pages. 
 

Cameron, C., Byrd, L. 2019: Climate change implications for the Queenstown 
Lakes District. Prepared by Bodeker Scientific for the Queenstown Lakes 
District Council. 100 pages. 

Cameron, C., McQueen-Watton, J., and Shaw, W. 2020: Economic valuation of 
the ecosystem services provided by Pāmu Landcorp farms. New Zealand 
Journal of Ecology (2020) 44(2), 8 pages. 

Cawthron Report No. 2362: Development of a Freshwater Tier 1 Biodiversity 
Monitoring Programme: Scoping Report, D. Kelley, D. West, H. Robertson K. 
Doehring, O. Gansell October 2013, Centre for Biodiversity and Ecology 
Research, University of Waikato, Hamilton 



Understanding and protecting Otago’s deepwater lakes   43 

   

Clark, L. 2003: A review of pathogens of agricultural and human interest found 
in Canada geese. In: Fagerstone KA, Witmer GW (eds). Proceedings of the 10th 
Wildlife Damage Management Conference. Pp. 326–334. 

Clarke, G. 2015: Upper Waitaki limit setting process. Predicting consequences 
of future scenarios: Lake water quality. Environment Canterbury Regional 
Council. Technical Report No. R15/156.  

UpperWaitakilimitsettingprocess.PredictingconsequencesoffuturescenariosLak

ewaterquality.PDF 

Clayton J, Schwarz A. & Coffey B. 1986: Notes on the submerged vegetation of 
Lake Hawea, New Zealand Journal of Marine and Freshwater Research 20: 185-
189. Notes on the submerged vegetation of lake Hawea (tandfonline.com) 
 

Clayton J. Edwards T. 2006: LakeSPI: A method for monitoring ecological 
condition in New Zealand lakes. NIWA Technical Report Version 2. 

Davis, Norman E., Blair, David and Brant, Sara V. (accepted manuscript 2021): 
Diversity of Trichobilharzia in New Zealand with a new species and a 
redescription, and their likely contribution to cercarial dermatitis. Parasitology 
(accepted for publication). 

DOC Freshwater tier 1 biodiversity monitoring scoping report 

Drake D., Kelly D., Schallenberg M., Ponder-Sutton A., Enright M. 2009: Shallow 

coastal lakes in New Zealand: assessing indicators of ecological integrity and 

their relationships to broad-scale human pressures. NIWA Client Report 

CHC2009- 005: 67p. 

fish-index-of-biotic-integrity-in-new-zealand-rivers.pdf 

Guardians of Lake Wanaka Annual Report to the Minister of Conservation 

2023-24 

  

http://www.doc.govt.nz/Documents/about-doc/role/guardians-of-lake-

wanaka-seminar.pdf 

https://www.waiwanaka.nz/wp-content/uploads/2020/05/Community-

Catchment-Plan.pdf 

 

file:///C:/Users/Roberton/Downloads/UpperWaitakilimitsettingprocess.PredictingconsequencesoffuturescenariosLakewaterquality.PDF
file:///C:/Users/Roberton/Downloads/UpperWaitakilimitsettingprocess.PredictingconsequencesoffuturescenariosLakewaterquality.PDF
https://www.tandfonline.com/doi/pdf/10.1080/00288330.1986.9516142?needAccess=true
https://www.doc.govt.nz/globalassets/documents/conservation/land-and-freshwater/freshwater/freshwater-tier-1-biodiversity-scoping-report.pdf
file:///C:/DOCS/Dons/Dox/Pers/Lake%20Wanaka/Lake%20Wanaka%20Trust/UCLT/Strategy%20-%20JFN%20Lakes/fish-index-of-biotic-integrity-in-new-zealand-rivers.pdf
http://www.doc.govt.nz/Documents/about-doc/role/guardians-of-lake-wanaka-seminar.pdf
http://www.doc.govt.nz/Documents/about-doc/role/guardians-of-lake-wanaka-seminar.pdf
https://www.waiwanaka.nz/wp-content/uploads/2020/05/Community-Catchment-Plan.pdf
https://www.waiwanaka.nz/wp-content/uploads/2020/05/Community-Catchment-Plan.pdf


Understanding and protecting Otago’s deepwater lakes   44 

   

Lake Manager's Handbook: Fish in New Zealand Lakes (mfe.govt.nz) 

 

Juliet Milne, Amy Whitehead and Piet Verburg December 2017: Review of 
Otago Regional Council's State of the Environment monitoring programmes. 
River and lake water quality and ecology. NIWA CLIENT REPORT No: 
2017287WN 115pp 
 

Kelly, D.J. & Hawes I. 2005: Changes in macroinvertebrate communities and 
food web dynamics from invasive macrophytes in Lake Wanaka. Journal of the 
North American Benthological Society 24: 300-320. 
 

Lake water quality in New Zealand 2010 Status and trends.pdf (mfe.govt.nz)  

Langhans, S.D. and Schallenberg M. 2021: A robust and transparent framework 
for weaving together diverse values in freshwater management: a case study 
of the Lake Wānaka catchment, Aotearoa/New Zealand, 47pp. 
 

Langhans, S.D. and Schallenberg M. 2021: Accounting for diverse cultural 
values in freshwater management plans by using a transparent and 
collaborative decision support system based on multi-criteria decision analysis. 
New Zealand Journal of Marine and Freshwater Research, 
DOI:10.1080/00288330.2021.1987932 
https://doi.org/10.1080/00288330.2021.1987932  
 

Lehmann, M. K., L. A. Schallenberg and M. G. Allan 2017: Feasibility of water 
quality monitoring by remote sensing in the Waikato region. Client report 
prepared for the Waikato Regional Council by the University of Waikato. 
Hamilton, University of Waikato. 
 

McDowell, R.W. Snelder, T.H. Cox, N. Booker, D.J. and Wilcock, R.J. 2013: 
Establishment of reference or baseline conditions of chemical indicators in 
New Zealand streams and rivers relative to present conditions. Marine and 
Freshwater Research, 2013, 64, 387–400 http://dx.doi.org/10.1071/MF12153 
 

McDowell, R.W. Simpson, Z.P. Ausseil, A. G. Etheridge, Z. Law, R. 2021: The 
implications of lag times between nitrate leaching losses and riverine loads for 
water quality policy. Nature Scientific Reports https://doi.org/10.1038/s41598-
021-95302-1 
 

https://www.mfe.govt.nz/sites/default/files/lm-fish-in-nz-lakes-jun02.pdf
https://www.mfe.govt.nz/sites/default/files/media/Environmental%20reporting/Lake%20water%20quality%20in%20New%20Zealand%202010%20Status%20and%20trends.pdf
https://doi.org/10.1080/00288330.2021.1987932
http://dx.doi.org/10.1071/MF12153
https://doi.org/10.1038/s41598-021-95302-1
https://doi.org/10.1038/s41598-021-95302-1


Understanding and protecting Otago’s deepwater lakes   45 

   

Muller, T. Boyens N. & Perkins C. 2019: Literature Review: Upper Clutha Water 
Quality. Prepared for the Upper Clutha Lakes Trust, by Landpro  20191101-
Literature-Review-FINAL-Nov-2019.pdf (waiwanaka.nz) 
 

Ministry for the Environment 2007. Lake Water Quality in New Zealand: Status 

in 2006 and recent trends 1990–2006. MfE, Wellington, 74p. 

Ministry for the Environment and Ministry for Primary Industries. 2021. 
Government response to the findings of the Overseer peer review report. 
Wellington: Ministry for the Environment and Ministry for Primary Industries. 
36 pages. 

5. A national objectives framework | Ministry for the Environment 

(mfe.govt.nz) 

New Zealand’s fresh waters: Values, state, trends and human impacts. April 

2017, OFFICE OF THE PRIME MINISTER’S CHIEF SCIENCE ADVISOR, Professor Sir 

Peter Gluckman, KNZM FRSNZ FMedSci FRS Chief Science Advisor. New 

Zealand’s Fresh waters: values, state, trends and human impacts 

(auckland.ac.nz) 

Nitrogen load model: https://ourlandandwater.nz/news/nitrogen-loads-
exceed-current-regulations-in-9-of-15-regions-but-on-farm-action-can-reduce-
the-load-by-34/ 
 
Norton, N., Spigel, B., Sutherland, D., Trolle, D., Plew, D. 2009. Lake Benmore 
Water Quality: a modelling method to assist with implementing nutrient water 
quality objectives. NIWA report ENC09515; (CHC2009-091). 
 
Novis P, Sales RE, Gordon K, Manning N, Duleba M, Ács É, Dressler M, 
Schallenberg M. 2020. Lindavia intermedia (Bacillariophyceae) and nuisance 
lake snow in New Zealand: chitin content and quantitative PCR methods to 
estimate cell concentrations and expression of chitin synthase. J Phycol. 
56:1232–1244 
 
Olsen, D. 2019: Queenstown Lakes District Wastewater Overflow Discharge 
Network Consent: Assessment of Ecological Effects Prepared for: Queenstown 
Lakes District Council. Ryder Environmental Limited Client Report. 106 pages. 

https://www.waiwanaka.nz/wp-content/uploads/2020/02/20191101-Literature-Review-FINAL-Nov-2019.pdf
https://www.waiwanaka.nz/wp-content/uploads/2020/02/20191101-Literature-Review-FINAL-Nov-2019.pdf
https://www.mfe.govt.nz/publications/fresh-water/freshwater-reform-2013-and-beyond/5-national-objectives-framework
https://www.mfe.govt.nz/publications/fresh-water/freshwater-reform-2013-and-beyond/5-national-objectives-framework
https://researchspace.auckland.ac.nz/bitstream/handle/2292/52816/PMCSA-Freshwater-Report.pdf?sequence=2&isAllowed=y
https://researchspace.auckland.ac.nz/bitstream/handle/2292/52816/PMCSA-Freshwater-Report.pdf?sequence=2&isAllowed=y
https://researchspace.auckland.ac.nz/bitstream/handle/2292/52816/PMCSA-Freshwater-Report.pdf?sequence=2&isAllowed=y
https://ourlandandwater.nz/news/nitrogen-loads-exceed-current-regulations-in-9-of-15-regions-but-on-farm-action-can-reduce-the-load-by-34/
https://ourlandandwater.nz/news/nitrogen-loads-exceed-current-regulations-in-9-of-15-regions-but-on-farm-action-can-reduce-the-load-by-34/
https://ourlandandwater.nz/news/nitrogen-loads-exceed-current-regulations-in-9-of-15-regions-but-on-farm-action-can-reduce-the-load-by-34/


Understanding and protecting Otago’s deepwater lakes   46 

   

Otago Regional Council: Rural Water Quality Strategy 2011. A new approach to 
water contamination from runoff, drains, and leaching. 

Otago Regional Council 2022: Minutes of a meeting of the Data and 
Information Committee held in the Harvest Hotel Conference Centre 
(Cromwell) on Thursday 9 June 2022 at 1:00 PM (see pages 30-39 
https://www.orc.govt.nz/media/12492/agenda-daic-20220630.pdf) 

Regional Plan: Water for Otago. Otago Regional Council Updated to 1 June 
2021 ISBN 978-0-908324-69-9 regional-plan_water-for-otago-updated-to-1-
june-2021-final-17-june.pdf (orc.govt.nz) 

Otago Lakes Trophic Status November 2009 Published by Otago Regional 
Council (ISBN 1-877265-85-3) Microsoft Word - V6 Otago Lakes Trophic Status 
(orc.govt.nz) 

Overseer whole-model peer review by independent experts: Project overview 

including panel terms of reference. Ministry for Primary Industries: 14 February 
2020. 14 pages. 
 
Overseer whole-model review Assessment of the model approach. MPI 
Technical Paper no: 2021/12. Prepared for the Ministry for Primary Industries 
and the Ministry for the Environment by the Science Advisory Panel. 118 
pages. 

Palliser, C. Elliott, S. Yalden, S. Shankar, U. 2015. Waitaki Water Quality 
Catchment Modelling. NIWA Client Report No. HAM2015-002. Prepared for 
Environment Canterbury, May 2015. 
 
Parliamentary Commissioner for the Environment 2009: Change in the high 
country: Environmental stewardship and tenure review 96 pp. Change in the 
high country: Environmental stewardship and tenure review 
(pce.parliament.nz) 

Perkins C., Muller T., Boyens N., Langhans S.D. (2019) Upper Clutha Community 
Catchment Plan. Prepared for WAI Wānaka by Landpro. 112 p 

Protocol for Monitoring Trophic Levels of New Zealand Lakes and Reservoirs 

(mfe.govt.nz) 

Regional Forum Recommendations Report to Environment Southland and Te 
Ao Mārama Inc. Board. Achieving the Community's Aspirations for Freshwater  

https://www.orc.govt.nz/media/12492/agenda-daic-20220630.pdf
https://www.orc.govt.nz/media/10040/regional-plan_water-for-otago-updated-to-1-june-2021-final-17-june.pdf
https://www.orc.govt.nz/media/10040/regional-plan_water-for-otago-updated-to-1-june-2021-final-17-june.pdf
https://www.orc.govt.nz/media/6192/web-version-otago-lakes-trophic-status.pdf
https://www.orc.govt.nz/media/6192/web-version-otago-lakes-trophic-status.pdf
https://www.pce.parliament.nz/publications/archive/2007-2010/change-in-the-high-country-environmental-stewardship-and-tenure-review
https://www.pce.parliament.nz/publications/archive/2007-2010/change-in-the-high-country-environmental-stewardship-and-tenure-review
https://www.pce.parliament.nz/publications/archive/2007-2010/change-in-the-high-country-environmental-stewardship-and-tenure-review
https://www.mfe.govt.nz/sites/default/files/media/Fresh%20water/Protocol%20for%20monitoring%20trophic%20levels%20of%20New%20Zealand%20lakes%20and%20reservoirs.pdf
https://www.mfe.govt.nz/sites/default/files/media/Fresh%20water/Protocol%20for%20monitoring%20trophic%20levels%20of%20New%20Zealand%20lakes%20and%20reservoirs.pdf


Understanding and protecting Otago’s deepwater lakes   47 

   

June 2022. Regional Forum Recommendations Report - June 2022.pdf 

(es.govt.nz) 

Robertson, B.T. and Blair, I.D. (1980) The Resources of Lake Wanaka. Lincoln 
Papers in Resource Management No. 5 - 1980 Published for the Guardians of 
Lake Wanaka by Tussock Grasslands & Mountain Lands Institute, Lincoln 
College. 
 
Ryder, G. 2018 Clutha Hydro-electric Power Scheme Eel and Lamprey passage 
at the Roxburgh, Clyde and Hawea Dams Recommendations for 2018-2022, 
63pp; Ryder Environmental Limited 
 

Schallenberg M, Kelly D, Clapcott J, Death R, MacNeil C, Young R, Sorrell B, 

Scarsbrook M 2011. Approaches to assessing ecological integrity of New 

Zealand freshwaters. Science for Conservation 307: 84p 

Schiel, D.R. and Howard-Williams C. 2015: Controlling inputs from the land to 
sea: limit-setting, cumulative impacts and ki uta ki tai. Marine and Freshwater 
Research 67(1) 57-64 https://doi.org/10.1071/MF14295 
 
Scoping indicators for impacts on freshwater biodiversity and ecosystem 
processes of rivers and streams Prepared for Ministry for the Environment May 
2018. R Storey C Kilroy F Matheson M Neale, Puhoi Stour Ltd. S Crow A 
Whitehead NIWA CLIENT REPORT No: 20118118HN Report date: May 2018 
NIWA Project: MFE18202 

Scott T. Larned, Clive Howard-Williams, Ken Taylor & Mike Scarsbrook (2022) 
Freshwater science–policy interactions in Aotearoa-New Zealand: lessons from 
the past and recommendations for the future, Australasian Journal of Water 
Resources, 26:1, 131-152, DOI:10.1080/13241583.2022.2065723 
 
Seminar hosted by Guardians of Lake Wanaka - 12 March 2013 (doc.govt.nz) 

Smith, C; Monaghan, R; McDowell, R; S. Carrick. 2016: Nitrogen and 
phosphorus leaching losses from pasture, winter forage crop and native bush 
sites in the West Matukituki Valley Report prepared for Otago Regional Council 
by AgResearch RE500/2016/013 

Strategic Review of the Ten Year Lagarosiphon Management Plan for Lake 
Wānaka Prepared for Land Information New Zealand and Boffa Miskell 
February 2016 by Mary de Winton John Clayton, NIWA 

https://www.waterandland.es.govt.nz/repository/libraries/id:1tkqd22dp17q9stkk8gh/hierarchy/PWL%20documents/Regional%20Forum%20documents/Regional%20Forum%20Recommendations%20Report%20-%20June%202022.pdf
https://www.waterandland.es.govt.nz/repository/libraries/id:1tkqd22dp17q9stkk8gh/hierarchy/PWL%20documents/Regional%20Forum%20documents/Regional%20Forum%20Recommendations%20Report%20-%20June%202022.pdf
https://doi.org/10.1071/MF14295
https://www.doc.govt.nz/Documents/about-doc/role/guardians-of-lake-wanaka-seminar.pdf


Understanding and protecting Otago’s deepwater lakes   48 

   

SoF-Final-Upper-Clutha-Freshwater-Report-2019.pdf (shapingourfuture.org.nz) 

Southland’s monitored lakes 2020: A guide to lake ecosystem health 
monitoring. 15 pp 

Spurr, E.D. and Coleman, J.D. 2005: Review of Canada Goose Population 
Trends, Damage, and Control in New Zealand. Landcare Research Science 
Series No. 30. Manaaki Whenua Press.    

Storey R, C Kilroy, F Matheson, M Neale, Puhoi Stour Ltd., S Crow, A Whitehead 
2018: Scoping indicators for impacts on freshwater biodiversity and ecosystem 
processes of rivers and streams. Report for the Ministry for the Environment, 
86 pp.  NIWA Client report (environment.govt.nz) 

Teen, R. 2019: Behaviour change programmes for prevention of urban 
stormwater contamination: A literature review WCFM Report 2019-003 
 

Thompson, R.M.& Ryder, G.R. (2008) Effects of hydro‐electrically induced 
water level fluctuations on benthic communities in Lake Hawea, New Zealand, 
New Zealand Journal of Marine and Freshwater Research, 42:2, 197-206 
Effects of hydro‐electrically induced water level fluctuations on benthic 
communities in Lake Hawea, (tandfonline.com) 
 

Uytendaal, A., Manning, N., Olsen, D. (2017); Southern lake sampling program 

update. Otago Regional Council Presentation to Wānaka Guardians October 
2017. 

Verburg P, Hamill K, Unwin M, Abell J 2010. Lake water quality in New Zealand 
2010: Status and trends. Report prepared by NIWA for the Ministry for the 
Environment. 

Wang, S., J. Li, B. Zhang, E. Spyrakos, A. N. Tyler, Q. Shen, F. Zhang, T. Kuster, 
M. K. Lehmann, Y. Wu and D. Peng (2018). “Trophic state assessment of global 
inland waters using a MODIS-derived Forel-Ule index.” Remote Sensing of 
Environment 217: 444-460. 
 
Wastewater upgrade start due this month | Otago Daily Times Online News 

(odt.co.nz) 

https://www.odt.co.nz/regions/evaluation-central-otago-lakes-begin-amid-

calls-management  

https://shapingourfuture.org.nz/wp-content/uploads/2021/06/SoF-Final-Upper-Clutha-Freshwater-Report-2019.pdf
https://environment.govt.nz/assets/Publications/Files/scoping-indicators-for-freshwater-biodiversity.pdf
https://www.tandfonline.com/doi/pdf/10.1080/00288330809509948
https://www.tandfonline.com/doi/pdf/10.1080/00288330809509948
https://doi.org/10.1016/j.rse.2018.08.026
https://doi.org/10.1016/j.rse.2018.08.026
https://doi.org/10.1016/j.rse.2018.08.026
https://doi.org/10.1016/j.rse.2018.08.026
https://www.odt.co.nz/regions/wanaka/wastewater-upgrade-start-due-month
https://www.odt.co.nz/regions/wanaka/wastewater-upgrade-start-due-month
https://www.odt.co.nz/regions/evaluation-central-otago-lakes-begin-amid-calls-management
https://www.odt.co.nz/regions/evaluation-central-otago-lakes-begin-amid-calls-management


Understanding and protecting Otago’s deepwater lakes   49 

   

 


