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1 Introduction:

This report primarily provides a framework for WAI Wanaka to help enhance
understanding and management of Lakes Wanaka and Hawea, 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 Wanaka, Hawea 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)

Understanding and protecting Otago’s deepwater lakes



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 Wanaka, Hawea 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 Wanaka, Hawea 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.

Understanding and protecting Otago’s deepwater lakes



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 Wanaka,
Whakatipu and Hawea, (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, Wanaka
and Hawea 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 Wanaka
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 Wanaka. Although NIWA recommended that ORC also
install a monitoring buoy in Lake Hawea, 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 Hawea and WAI
Wanaka 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

Understanding and protecting Otago’s deepwater lakes
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and #58). An early function of such a process could be for WAI Wanaka 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 Wanaka and ORC following a deep lakes workshop in
Wanaka (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 Wanaka 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 Wanaka projects.

Understanding and protecting Otago’s deepwater lakes
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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).

Sufficient funding sourced to bring in appropriate expertise and
facilitate PhD lakes studies in collaboration with Kai Tahu,
universities and research institutes.

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.
Enhanced management of deepwater lakes’ ecosystem health.
Increased public awareness, understanding and engagement in
the challenges to the health of Otago deepwater lakes.

Overall progress towards achieving CCP lakes actions including
those in catchments that mitigate negative effects of land use on
the lakes.

Enhanced preparedness for modelling and managing effects of
climate change on lakes’ health.

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:

0 O O O

What do we know, what don’t we know, what do we need to know?
What does the community want or expect for the lakes’ future?

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

What attributes are being or should be measured, where and when
(how frequently?) to protect these values?

Understanding and protecting Otago’s deepwater lakes



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?

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

Understanding and protecting Otago’s deepwater lakes



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
Wanaka 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 & cand 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.

Understanding and protecting Otago’s deepwater lakes
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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.

Understanding and protecting Otago’s deepwater lakes
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4 Assessment of community concerns and values for freshwater

& .| Photo: John Tavlor, Lake Hawea

Figur :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
Wanaka Community Catchment Plan included:

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

Understanding and protecting Otago’s deepwater lakes
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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 Wanaka Stakeholder workshops in October 2018, March 2019,
October 2019 and more recently (with ORC) at a Deep Lakes Workshop
in Wanaka on 2 October 2023.

o Hui with local iwi members in March 2019 and August 2019
o Online survey with 271 responses

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

Understanding and protecting Otago’s deepwater lakes
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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)
Active Water and Environment Management Plans for all businesses.
(CCP actions #15, #16, and #26).

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

management plan - Google Search).

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).

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 Wanaka 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 O O 0O O O O

Drinkable water

Biodiversity & healthy native ecosystems

Water clarity

Safe for wading & other water sports

Control of invasive species

Healthy fisheries

Landscape/amenity values

Natural (or near natural) water flow regimes

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

Understanding and protecting Otago’s deepwater lakes
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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 Wanaka 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 Wanaka, Hawea and Whakatipu and enable these lakes to be

Understanding and protecting Otago’s deepwater lakes
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assessed and ranked alongside other Otago lakes and against the NPS-FM
requirements. The TLI*s 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
Hawea 1.17 Microtrophic
Whakatipu 1.34 Microtrophic
Wanaka 1.41 Microtrophic
Hayes (for 4.25 Eutrophic
comparison)

This ORC monitoring had initially indicated slightly improving water quality
around 2015 with both Lakes Wanaka and Hawea appearing to move from an
oligotrophic state to their current microtrophic state. These TLI® 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 TLI®s 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 Wanaka
311m, Lake Hawea ~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 Wanaka, Hawea 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

Understanding and protecting Otago’s deepwater lakes

18



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.

=

SWIMMING IN WATER WITH HIGH
LEVELS OF BACTERIA MAY POSE
ARISK TO YOUR HEALTH.

Water quality is i
i Socatat ittt Sronitored at freshwater

sites

? Unsafe levey )
mmmtﬁ,?’ e
Quality tests

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:
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ORC maintains a network of ~22 water quality monitoring sites in the Upper
Clutha. Five of these are in Lake Wanaka and two in Lake Hawea. 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 Hawea Holiday Park and Roys Bay on Lake Wanaka. 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 “lconic 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
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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 Wanaka supports community and government initiatives that can help
retain the quality, biodiversity and ecosystem functioning of our deepwater
Lakes Wanaka, Hawea 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. WAl Wanaka
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
Wanaka, Hawea 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 Wanaka Branch of the Royal
Society, the Wanaka 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
Wanaka 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 Wanaka and the community that will
have some localised downstream water quality and ecosystem benefits.

7.1 A Possible Roy’s Bay Lake Wanaka 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 Wanaka 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 Wanaka, 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 Wanaka 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 Wanaka’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:
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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 Wanaka?

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

of Lake Wanaka? How do we prioritise them?

O

what are water flow properties in this segment of Lake Wanaka
under northerly or southerly or no wind? (see WAI funded water flow
study of Roys Bay by NIWA).

how does this vary seasonally?

what are differences between surface and bottom water flows?

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?

what is the residence time of water in the greater Roy’s Bay area?
how does the mixed layer depth vary seasonally? Under various wind
conditions? Lake levels?

What are the localised roles of Bullock Creek, Waterfall Creek and
other lake inflows, including groundwater?

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).

what are the seasonal temperatures across the whole survey area?
what are the levels of human waste/sewage indicators - E.coli, total
coliforms, nutrients, (See CCP actions #8, #17 and #49).

how bad are other waste items such as microplastics, polycyclic
aromatic hydrocarbons, animal waste/ pathogens (toxoplasmosis?),
emerging organic compounds — if any, heavy metals?

what are the sources and sinks of inflowing pollutants? With high
wind, no wind? High water, low water?

does the lake water quality impact town supply drinking water
entering the intakes?

what are the impacts of physical, chemical, biological pollution on
lake ecosystems? On lake transparency? On community well-being?
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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.

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?

what are the basic properties of the benthic communities and
planktonic communities — from micro to macro? Distribution and
abundance? Biomass? Biodiversity? Seasonality?

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?

what are measures/maps of distribution and abundance of macro-
organisms (fish, birds), aquatic native and invasive plants.

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)?

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 Wanaka’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 Wanaka 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
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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 Wanaka and Hawea 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 &
Agua 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
Wanaka 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 Wanaka, Hawea 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 Wanaka 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 WAl Wanaka employees but could be kept
in mind when recruiting staff. There would be scope for WAI Wanaka 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 (IBl)), 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
Wanaka, Hawea and Whakatipu and provides only brief comment on some of
the worst.

9.1 Lindavia intermedia — Lake snow in Lakes Wanaka, Hawea and
Whakatipu

Public concern continues to be expressed at issues caused by the growing
presence in Lakes Wanaka, Hawea 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 Wanaka 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.

Photo Matt Davison

Figure 7: Domestic water filter clogged with lake snow, Wanaka.
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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
Wanaka town water supply reticulation intakes. They have also contracted
toxicity tests on lake snow.

Photo: Davy Pattison

Figure 9: Part of a 6+ hectare surface bloom of Lindavia slime
in Stevensons Arm, Lake Wanaka June 2016

Lindavia lake snow contamination has flowed down the Clutha and Kawarau
Rivers from Lakes Wanaka, Hawea and Whakatipu and is now affecting Lake
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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 Wanaka or Jobs for Nature in
understanding Lindavia are likely to be limited, however, WAl Wanaka 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 Wanaka 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 Wanaka 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 Hawea — 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 Wanaka is the single example of
a reasonably well funded and very well run management plan for any
ecosystem component in Lakes Wanaka, Whakatipu or Hawea. The Lake
Wanaka Lagarosiphon Management Committee comprises representatives

Understanding and protecting Otago’s deepwater lakes

31



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 Wanaka” 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 Wanaka
Marina which is the responsibility of the Wanaka Marina Company. There may
be scope for WAl Wanaka to work with the Marina Company to help solve
their local control issues.

Photo: Mary de Winton NIWA

Figure 10: Lagarosiphon major, South African oxygen weed

The LINZ-Boffa Miskell-NIWA Lake Wanaka control programme has been
funded by Land Information NZ (LINZ), both councils, and an anonymous
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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 Wanaka 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 Wanaka, and has been since at
least the 1970s. In 2020 (see Burton 2021) it was re-discovered in Lake Hawea
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 Hawea.

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 Wanaka, Hawea 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

33



the deepwater lakes and their catchments to control the population. WAI
Wanaka may wish to consider assessing the status of Canada geese around
Lakes Wanaka, Hawea 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 Hawea Rivers were dammed and before the unregulated
expansion of the eel fishery, Lakes Wanaka, Hawea 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 Hawea 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 Wanaka and
Hawea, 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 Wanaka 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 Otbher 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 Wanaka tributaries. Common bullies

Understanding and protecting Otago’s deepwater lakes

34



(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 Wanaka
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 Wanaka, Hawea 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 Wanaka, 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 Wanaka, Hawea 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 WAl Wanaka 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
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scale of ~S15 million and running for 5-6 years. This is needed to tackle the
many complex questions posed in this WAl Wanaka 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 Wanaka 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 Wanaka, Hawea 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 Wanaka, Hawea 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 Wanaka 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 Wanaka is pleased to note such a group was
established by ORC in November 2023.

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).

Increase lakes water monitoring including buoys, deepwater
sampling and remote sensing of surface water.

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).

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.

Facilitate progress towards achieving WAI Wanaka’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 Wanaka’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 Wanaka 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 Investigation of relationships between land use
and/or land management practices and the and/or land management practices to identify

health or state of receiving lake environments the most influential linkages between individual
parameters or groups of parameters. (see
recommendation in Table 2 below).

Understanding of current environmental state There is a large amount of data collected for
and trends based on existing data from disparate purposes that may complement the
conventional and disparate data sources more conventional data records and add to
understanding of lake environmental trends
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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 Al 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:

e Snow accumulation in mid altitude

ranges;

e Airtemperature across the catchment;

e Wind patterns; and

e 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 Wanaka, 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 Maori.

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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