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&\ AGENDA

oranakl  Policy & Planning Af ‘ sy

Purpose of Policy and Planning Committee meeting

This committee attends to all matters of resource management, biosecurity and related
environment policy.

Responsibilities

Prepare and review regional policy statements, plans and strategies and convene as a
Hearing Committee as and when required for the hearing of submissions.

Monitor plan and policy implementation.
Develop biosecurity policy.

Advocate, as appropriate, for the Taranaki region.
Other policy initiatives.

Endorse submissions prepared in response to the policy initiatives of organisations.

Membership of Policy and Planning Committee

Councillor C L Littlewood (Chairperson) | Councillor N W Walker (Deputy Chairperson)

Councillor M G Davey Councillor M ] McDonald
Councillor D H McIntyre Councillor C S Williamson
Councillor E D Van Der Leden Councillor D N MacLeod (ex officio)

Councillor M P Joyce (ex officio)

Representative Members

Councillor C Young (STDC) Councillor S Hitchcock (NPDC)
Councillor G Boyde (SDC) Mr P Moeahu (Iwi Representative)
Ms B Bigham (Iwi Representative) Ms L Tester (Iwi Representative)

Health and Safety Message

Emergency Procedure

In the event of an emergency, please exit through the emergency door in the
committee room by the kitchen.

If you require assistance to exit please see a staff member.

Once you reach the bottom of the stairs make your way to the assembly point at the
birdcage. Staff will guide you to an alternative route if necessary.

Earthquake

If there is an earthquake - drop, cover and hold where possible.

Please remain where you are until further instruction is given.
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Taranaki

rgoreiconal POIICY & Planning

Date 1 September 2020
Subject: Confirmation of Minutes - 21 July 2020
Approved by: A D McLay, Director - Resource Management

M J Nield, Acting Chief Executive

Document: 2572762

Resolve
That the Policy and Planning Committee of the Taranaki Regional Council:

a) takes as read and confirms the minutes of the Policy and Planning Meeting of the
Taranaki Regional Council held in the Taranaki Regional Council chambers, 47 Cloten
Road, Stratford, on Tuesday 21 July 2020 at 10.30am

b) notes the recommendations therein were adopted by the Taranaki Regional Council on
Tuesday 11 August 2020.

Matters arising

Appendices/Attachments
Document 2546526: Minutes Policy and Planning Committee Meeting - 21 July 2020
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MINUTES
Policy & Planning

Date 21 July 2020, 10.40am
Venue: Taranaki Regional Council chambers, 47 Cloten Road, Stratford
Document: 2546526
Members Councillors ~ C L Littlewood Committee Chairperson
N W Walker Committee Deputy Chairperson
M G Davey
M ] McDonald
D H McIntyre
E D Van Der Leden
M P Joyce ex officio
D N MacLeod ex officio
Representative
Members Councillors  C Young South Taranaki District Council
S Hitchcock New Plymouth District Council
G Boyde Stratford District Council
Mr P Moeahu Iwi Representative
Ms L Tester Iwi Representative  Via zoom until 11.30am
Attending  Councillor DL Lean
Messrs M ] Nield Acting Chief Executive
A D McLay Director - Resource Management
G K Bedford Director - Environment Quality
C Spurdle Planning Manager
R Phipps Science Manager Hydrology/Biology
D Harrison Rivers Manager
S Ellis Environment Services Manager
Ms G Marcroft Policy Analyst
Messrs T Parr Harbourmaster (Port Taranaki)
S Tamarapa Iwi Communications Officer
T Davey Communications Adviser
Ms K Holland Communications Adviser
Miss L Davidson Committee Administrator
Mr M Ritai
And two members of the public.
Apologies Apologies were received from Councillor C Williamson, Mr P Muir and

Ms B Bigham.
Littlewood/Walker
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Notification of There were no late items.
Late Items
1. Confirmation of Minutes - 9 June 2020

3.1

3.2

3.3

Resolved
That the Policy and Planning Committee of the Taranaki Regional Council:

a) takes as read and confirms the minutes of the Policy and Planning Committee meeting
of the Taranaki Regional Council held in the Taranaki Regional Council chambers, 47
Cloten road, on Tuesday 9 June 2020 at 10.30am

b) notes the recommendations therein were adopted by the Taranaki Regional Council on
Tuesday 30 June 2020.

McDonald /Walker

Matters arising

There were no matters arising.

Pest Pathway Management in Taranaki

Mr S Ellis, Environmental Services Manager, spoke to the memorandum introducing the
think-piece Pest Pathways into Taranaki. The think-piece was commissioned by the Taranaki
Regional Council to review high-risk pest pathways into the Taranaki region, to identify
high-risk candidate species, and to contribute to the preparation of a Risk Assessment
Inventory for the Taranaki region.

Recommends
That the Taranaki Regional Council:
a) receives the memorandum and attached think-piece Pest Pathways into Taranaki

b) notes that the attached think-piece identifies 21 high-risk candidate species to be
included in a Risk Assessment Inventory for the Taranaki Region

c) notes that the Risk Assessment Inventory for the Taranaki Region will be regularly
amended and updated over time to inform Council responses in the management of
pest pathways.

Van Der Leden/Young
Mr S Ellis left the meeting at 10.48am

Review of the Navigation Bylaw for Port Taranaki and its Approaches and
Harbourmaster Annual Report

Mr A D McLay, Director - Resource Management, introduced Ms G Marcroft, (Policy
Analyst) and Mr T Parr, Harbourmaster.

Ms G Marcroft, spoke to the memorandum seeking Members agreement to proceed with a
review of the Navigation for Port Taranaki and its Approaches 2009 in accordance with the
requirements of the Local Government Act 2002 (LGA).

Mr T Parr, Harbourmaster, spoke to the Harbourmasters Annual Report.
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It was clarified that even though the recreational usage of the facilities at Port Taranaki has
increased the current facilities are still fit for purpose.

Recommends

That the Taranaki Regional Council:

a) receives this memorandum entitled Review of the Navigation Bylaw for Taranaki and its
Approaches

b) receives and adopts the draft revised bylaws

c) approves the commencement of the special consultative process for the review of the
revised bylaws in accordance with the LGA

d) notes the special consultative process for the review of the Navigation Safety Bylaw for
Port Taranaki and its Approaches 2020 will be run concurrently with another special
consultative process for the River Control and Flood Protection Bylaw for Taranaki 2020.

Joyce/Boyde

Making of River Control and Flood Protection Bylaws for Taranaki

Mr A D McLay, Director - Resource Management, introduced Mr D Harrison, Rivers
Manager and Ms G Marcroft, Policy Analyst.

Mr D Harrison, Rivers Manager, spoke to the memorandum presenting for Members
consideration the proposed Rivers Control and Flood Protection Bylaws for Taranaki 2020
(Proposed Bylaws) and answered questions arising. Approval to undertake the special
consultative process on the Proposed Bylaws in accordance with the Local Government Act
2002 (LGA) was requested.

It was clarified that the Proposed Bylaw is for new structures and anything existing would
not fall under this Proposed Bylaw.

Recommends

That the Taranaki Regional Council:

a) receives this agenda memorandum Making River Control and Flood Protection Bylaw for
Taranaki

b) receives and adopts the attached proposed River Control and Flood Protection Bylaw for
Taranaki 2020 and supporting documentation

c) approves the commencement of the special consultative process for the making of new
bylaws in accordance with the LGA

d) notes that a hearing may be required to hear submissions made on the proposed
bylaws

e) notes that special consultative process for the making of the River Control and Flood
Protection Bylaw for Taranaki 2020 will be run concurrently with another special
consultative process for the review of the Navigation Safety Bylaw for Port Taranaki and
its Approaches.

Van Der Leden/MacLeod
Ms G Marcroft, Mr D Harrison and Mr T Parr left the meeting at 11.15am
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Update on the Freshwater Reforms

Mr C Spurdle, Planning Manager, spoke to the memorandum providing an update and
summary of the Government’s freshwater reforms and answered questions arising.

Only high level matters had been presented by Government and further detail will be
provided later, hence the implications of the proposals were difficult to determine.

Louise Tester left the meeting at 11.30am
Recommends

That the Taranaki Regional Council:
a) receives the memorandum Update on the freshwater reforms

b) notes the Council and many others have achieved significant changes through the
submission process

c) recognise that until we can review the detail of the regulatory documents, the full
implications of the proposals are difficult to assess.

McDonald/Van Der Leden

Consideration of Stream Size in Determining Minimum Flows and Water Allocation
Limits in Taranaki Rivers

Mr R Phipps, Science Manager - Hydrology/Biology, gave a presentation for Members
introducing the report undertaken by Dr Ian Jowett (Jowett Consulting).

The report was prepared to inform the review of freshwater plan and, in particular, the
consideration of minimum flow and allocation limits for a new proposed Natural Resources
Plan.

Recommends
That the Taranaki Regional Council:

a) receives the report Considerations of Stream Size in Determining Minimum Flows and
Water Allocation Limits in Taranaki Rivers and its associated Factsheet

b) notes that the report will underpin technical discussions and the wider consultation of
water allocation policy options to be incorporated in the proposed Natural Resources
Plan.

Walker/Young

Report on Advocacy and Response Activities for the 2019/2020 year

Mr A D McLay, Director - Resource Management, spoke to the memorandum reporting on
advocacy and response activities for the 2019/2020 year.

Recommends

That the Taranaki Regional Council:

a) receives the memorandum Report on Advocacy and Response activities for the 2019/2020
year

b) notes that 22 submissions were made during the year on the policy initiatives of
other agencies
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¢) notes that the senior staff were also involved in various working parties or other for
a on central and local government policy development and review projects.

Joyce/Van Der Leden

There being no further business, the Committee Chairperson, Councillor C L Littlewood,
declared the meeting of the Policy and Planning Committee closed at 12.05pm.

Confirmed

Policy and Planning
Chairperson:

C L Littlewood

Tuesday 1 September 2020
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4=\ MEMORANDUM

weratek,  Policy & Planning

Date 1 September 2020

Subject: Update on finalised National Policy Statement
on Urban Development 2020

Approved by: A D McLay, Director - Resource Management
M ] Nield, Acting Chief Executive

Document: 2561920

Purpose

1. The purpose of this memorandum is to introduce the finalised National Policy Statement
on Urban Development 2020 (NPS-UD) and to outline Taranaki Regional Council (the
Council) requirements relating to its implementation.

2. Further information is available at the Ministry for the Environment's website:
https:/ /www.mfe.govt.nz/ publications/towns-and-cities / national-policy-statement-
urban-development-2020.

Executive summary

3. In August 2019, the Government released a discussion paper for public consultation
introducing Government proposals to replace the current National Policy Statement on
Urban Development 2016 (NPS-UDC) with a new national policy statement - the NPS-UD.

4. Under the new NPS-UD, policies would be aimed at ensuring councils remove
unnecessary restrictions on urban development and allow for growth ‘up” and ‘out” in
locations that have good access to existing services and infrastructure. Also, under the
new NPS-UD, New Plymouth is no longer identified as a major-growth urban area,
rather it is now classified as a medium-growth urban area.

5. The Council prepared and submitted a submission in response to a discussion paper on
the new NPS-UD, including Council’s support for the more directive policies applying
only to major metropolitan centres, i.e. Auckland, Hamilton, Tauranga, Wellington,
Christchurch and Queenstown.

6. The proposal at that time was that for other urban areas such as New Plymouth councils
would be encouraged but not required to undertake quarterly monitoring reports,
prepare a three-yearly housing and business development capacity assessment, and
prepare a future development strategy.

7. The new NPS-UD was gazetted 23 July 2020, thereby replacing the old NPS-UDC. The
NPS-UD 2020 came into effect on 20 August 2020.

10
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10.

11.

The newly revised NPS-UD 2020 provides directions to councils (both district councils
and regional councils) to ensure planning frameworks are in place to remove overly
restrictive barriers to development and to allow growth 'up' and 'out' in locations that
have good access to existing services, public transport networks and infrastructure.

The NPS-UD identifies three tiers of responsibility for councils, which are informed by
population size and growth rates. This represents a major reversal from the
Government'’s earlier proposals whereby urban monitoring and planning requirements
largely lied with the metropolitan (Tier 1) areas.

Under the requirements of the NPS-UD, both the New Plymouth District Council and
this Council are required to (not just ‘encouraged to” as was the case under the NPS-UD
2019 discussion paper) complete the following:

e quarterly monitoring reports, publishing them annually.
e athree-yearly housing and business development capacity assessment.

e afuture development strategy every six years (updated every three years), as well as
an associated implementation plan that is updated annually.

The setting of urban development targets and criteria will also be required as part of the
Regional Policy Statement review process.

Recommendations

That the Taranaki Regional Council:

a)

b)

<)

receives the memorandum on the gazetted National Policy Statement on Urban
Development 2020;

notes that the gazettal of the National Policy Statement on Urban Development 2020
occurred on 23 July 2020 and came into effect on 20 August 2020; and

notes that officers will continue to liaise and work with New Plymouth District Council
on the delivery of prescribed planning and monitoring requirements.

Background

12.

13.

14.

Members will recall that a Productivity Commission inquiry recommended in 2015 that
the Government prepare a national policy statement to help address resource constraints
on urban housing and business development capacity. Under the Resource Management
Act 1991 (RMA), regional policy statements and plans must give effect to any national
policy statement.

The first National Policy Statement on Urban Development Capacity (NPS-UDC) came into
force in December 2016. The NPS-UDC 2016 set out national directions for regional and
district councils to provide sufficient urban development and planning capacity for
housing and business growth that match projected rises in population. The New
Plymouth District Council and this Council have subsequently been collaborating and
sharing the work associated with implementing the NPS-UDC since this date.

At the time that the NPS-UDC 2016 came into force, New Plymouth was belatedly
identified as a ‘high-growth’ urban area by Statistics New Zealand. Consequently, in
accordance with the requirements of the NPS-UDC, both the New Plymouth District and
Taranaki Regional Council were required to:

e monitor and prepare quarterly monitoring reports;

11
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15.

16.

17.

e monitor, prepare and consult on a three-yearly housing and business development
capacity assessment;

e set minimum targets for inclusion in the Regional Policy Statement and district plans
to ensure sufficient feasible development capacity for housing; and

e prepare and consult on a future development strategy.

Based upon the findings of the three-yearly housing and business development capacity
assessments, both councils agreed and set minimum targets in their Proposed District
Plan and Regional Policy Statement for sufficient feasible development capacity for
housing in New Plymouth.

As previously noted, New Plymouth was only confirmed as a high growth area in
August 2017 therefore had less time than other high growth urban areas to meet
statutory deadlines. It has therefore often been a challenge to deliver on the more
‘significant monitoring and planning requirements demanded of ‘high growth’ councils.

Despite these tight timeframes the New Plymouth District Council has taken the lead
and worked with this Council to:

e prepare and publish quarterly monitoring reports of house prices, housing
affordability and housing development, as well as business land (retail, commercial
and industrial) and floor space for the New Plymouth district;

e prepare a Housing and Business Development Capacity Assessment report (HBCA) in
June 2019 that forecasts demand and feasible development capacity for the New
Plymouth district, as well as the likely take-up of capacity;

¢ identify minimum targets for housing to inform the development of a future
development strategy! and to be included in relevant regional policy statements and
the proposed district plan.

The NPS-UD

18.

19.

20.

On 21 August 2019, the Ministry for the Environment and Ministry of Housing and
Urban Development released the Government’s discussion paper Planning for successful
cities: A discussion document on a proposed National Policy Statement, which included
significant new policy proposals of urban planning, including the replacement of the
NPS-UDC with the NPS-UD.

The Government sees the new NPS-UD as being essential to address, in its view, an
unresponsive planning system under the RMA that is characterised by a reliance on
restrictive land use regulation and the controlled release of land for urban purposes.
Through the new NPS-UD, the Government is seeking to address poor coordination in
and between New Zealand’s land use and infrastructure planning, plus restrictive
zoning where height and density controls are unnecessarily restricting development and
pushing up housing prices.

Under the new proposals set out in the discussion paper, current urban monitoring and
planning requirements would only be required for major-growth urban areas (i.e.

1 A draft Future Development Strategy was developed on how population and housing growth will be enabled through
district plans, long-term plans and infrastructure strategies over the next 30 years but its publication was deferred when the
need for the document was signalled to become superfluous due to impending Government reforms, i.e. a new national policy

statement with new requirements.

12
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21.

22.

23.

24.

25.

Auckland, Hamilton, Tauranga, Wellington, Christchurch and Queenstown). Under the
NPS-UDC, both district and regional councils in major-growth urban areas are required
to prepare a future development strategy, undertake quarterly monitoring, prepare full
three-yearly HBCAs, and include demand and additional margins estimates for urban
growth in their plans.

New Plymouth under the new proposals is no longer identified as a major-growth urban
area, rather a medium-growth urban area.

Under the discussion paper, only major urban areas were going to be required to
prepare a future development strategy, undertake quarterly monitoring, prepare full
three-yearly HBCAs, and include demand and additional margins estimates for urban
growth in their plans. For other urban areas (including New Plymouth) councils were
only encouraged to undertake the aforementioned monitoring and planning responses.

Other provisions of interest in the 2019 discussion paper were policies aimed at ensuring
councils remove unnecessary restrictions on urban development and allowing for
growth ‘up” and ‘out’ in locations that have good access to existing services and
infrastructure.

This Council therefore prepared and endorsed a submission largely in support of the
discussion paper’s proposals by the due date of 10 October 2019. The submission noted
Council’s support for a more targeted national policy framework addressing urban
growth needs across New Zealand than what was previously prescribed by the NPS-
UDC. In particular, support was noted for the proposed NPS-UD’s most directive
policies only applying to major metropolitan centres, i.e. Auckland, Hamilton, Tauranga,
Wellington, Christchurch and Queenstown.

Support was also provided for proposed NPS-UD requirements directing local
authorities to enable high-density residential development in specified areas. Several
relatively minor changes were also requested in the submission to some provisions of
the proposed NPS-UD to better target local authorities with the jurisdictional
responsibilities and capacity to monitor and plan for urban development.

New NPS-UD 2020 requirements

26.

27.

28.

29.

The new NPS-UD was subsequently gazetted 23 July 2020, replacing the previous NPS-
UDC when it comes into effect on 20 August 2020. A copy of the NPS-UD is available at
the Ministry for the Environment's website: https://www.mfe.govt.nz/publications/
towns-and-cities/national-policy-statement-urban-development-2020.

The new NPS-UD is part of the urban planning pillar of the Government's Urban
Growth Agenda.

The purpose of the NPS-UD is to support productive and well-functioning cities by
directing regional policy statements and regional/district plans to provide adequate
opportunity for land development for housing and business, which meets community
needs.

This new NPS-UD therefore requires local authorities to promote more development
capacity, in order for more homes to be built in response to demand. Most of the NPS-
UD’s provisions therefore contribute to more competitive land markets in some form,
but the following three provisions are key:

¢ The intensification policies (Policies 3, 4 and 5) seek to improve land-use flexibility in
the areas of highest demand - areas with good access to the things people want and

13
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need, such as jobs and community services, and good public transport services.
These factors are indicators of the best areas for development, and there is strong
evidence to demonstrate that reducing constraints on development in these locations
would have the biggest impact.

The responsive planning policy (Policy 8) seeks to improve land-use flexibility
generally by ensuring local authorities have particular regard to plan changes that
would add significantly to development capacity as they arise.

The removal of minimum parking rates in district plans (Policy 11) seeks to improve
land use flexibility in urban environments. It will allow more housing and
commercial developments, particularly in higher density areas where people do not
necessarily need a car to access jobs, services or amenities. Developers will still
provide car parking in many areas, and must still provide accessible car parking, but
the number of car parks will be driven by market demand.

30. The NPS-UD 2020 further intends to:

Improve accessibility for all people between housing, jobs, opportunities for social
interaction, services, and public open space, including by way of public and active
transport (Policy 1).

Improve the evidence used by decision-makers in planning decisions (Objective 7,
subpart 3 of Part 3).

Provide direction on minimum requirements for local authorities in taking into
account the principles of the Treaty of Waitangi (te Tiriti o Waitangi) in relation to
urban environments (Policy 9).

Ensure zones have provisions that individually and cumulatively support the
purpose of the zone (Policy 3, subpart 7 of Part 3).

Support reductions in greenhouse gas emissions (Objective 8, Policy 1).

31. Rather than focusing on 'high' or 'medium' growth areas, this new NPS-UD categorises
all urban environments into three tiers as follows:

32.

Tier 1 Tier 2 Tier 3

s«  Auckland = Whangarel All other urban environments that

e Hamilton « Rotorua are not in tier 1 or 2 (see definition
of urban environments in footnote

+« Tauranga = MNew Plymouth 2

»  Wellington = MNapier Hastings

+ Christchurch + Palmerston North

= Nelson Tasman
= Queenstown

= Dunedin

The three tiers were informed by population size and growth rates but represents a
major reversal from its earlier proposals set out in the discussion paper whereby urban
monitoring and planning requirements largely laid with the metropolitan (Tier 1) areas.
Under the requirements of the NPS-UD 2020 both the New Plymouth District Council
and this Council are now back to being required (no longer just encouraged) to complete
the following:

14
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e Quarterly monitoring reports, publishing them annually.
o A three-yearly housing and business development capacity assessment.

e A future development strategy every six years (updated every three years), as well
as an associated implementation plan that is updated annually.

33. Appendix 1 provides an outline of responsibilities specified under the new NPS-UD
2020.

34. New Plymouth District Council will continue to take the lead in the preparation of the
planning and monitoring documents identified above. This work will inform both
regional and district planning processes.

35. In relation to Council planning processes, the immediate task for this Council will be to
amend the Regional Policy Statement for Taranaki to:

e Insert housing bottom lines for the short-medium and long term.

e Include criteria for determining what plan changes will be treated (for the purpose
of implementing Policy 8) as adding significantly to development capacity.

36. These inputs will therefore form part of the Regional Policy Statement review process
(see separate item).

Decision-making considerations

37. Part 6 (Planning, decision-making and accountability) of the Local Government Act 2002
has been considered and documented in the preparation of this agenda item. The

recommendations made in this item comply with the decision-making obligations of the
Act.

Financial considerations—LTP/Annual Plan

38. This memorandum and the associated recommendations are consistent with the
Council’s adopted Long-Term Plan and estimates. Any financial information included
in this memorandum has been prepared in accordance with generally accepted
accounting practice.

Policy considerations

39. This memorandum and the associated recommendations are consistent with the policy
documents and positions adopted by this Council under various legislative frameworks
including, but not restricted to, the Local Government Act 2002, the Resource Management
Act 1991 and the Local Government Official Information and Meetings Act 1987.

Iwi considerations

40. This memorandum and the associated recommendations are consistent with the
Council’s policy for the development of Maori capacity to contribute to decision-making
processes (schedule 10 of the Local Government Act 2002) as outlined in the adopted long-
term plan and/or annual plan. Similarly, iwi involvement in adopted work
programmes has been recognised in the preparation of this memorandum.

15
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Legal considerations

41. This memorandum and the associated recommendations comply with the appropriate
statutory requirements imposed upon the Council.

16
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Appendix 1: Summary of responsibilities under the new NPS-UD 2020

This appendix provides a summary of the NPS-UD, identifying policies from the NPS-UDC,
with or without significant changes, and objectives and policies that are new. It also
indicates which tier(s) each policy applies to.

Strategic planning for growth

Requires councils to prepare a future development
strategy (FDS) every six years and update them every
three years.

Section Where Status

Clause 3.12 Tier 1 and 2 changed

Provides new direction on what an FDS needs to include,
and how they should be developed.

Clauses 3.13-3.16 RIS ELT A

Requires councils to have an implementation plan for
their FDS.

Making room for growth

Well-functioning urban environments

Clause 3.18 Tier 1 and 2

Section Status

Enables communities and future generations to provide
for their wellbeing.

Objective 1

Provides a non-exhaustive list of features of well-
functioning urban environments for councils to use as an
outcomes framework for planning and decision-making.

Policy 1

Housing affordability

Seis an objective for councils o contribute to housing
afferdability through planning decisions that support
competitive land and dewelopment markets.

Objective 2

Climate chonge

5ats direction for New Zealand's urban ervironments to
support reductions iy greenhouse gas emissions, and be
resilient to the effects of cimate change.

Objective 8,
Policies 1{e), 1{f)
and Ble)

Clarifying amenity and change ia wrban eaviroaments

Directs coundils to enable New Zealand's urban
environments, including their amenity values, 1o change
ower time.

Oibjective 4, Policy
<]

Enabling opporiunities for gdeveloprent

Councis must provide, at minimem, enough capacity ta
meat the diverse demands of their commiunities.

Policy 2, clauses
32-35and 3.10

Requires bottom lines for development capacity to be
set, including competitive margins.

Palicy 7, claise Tier 1 and 2

1.6

Cauncils must consider whether development capadity is
reasonably expected to be realised.

Clause 3.36

Councils must notify the Minister for the Ervironment if
they have insufficient development capacity in the short,
rrediem of [ong tenm.

Clause 3.7

17
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Ensuring plan content provides for expected levels of development

Inchede in their plars a description af each zone's Clauses 3.35 and
expected development outcomes over the life of the 136

plan and beyond, amnd ensure that policies and rules in
their plans are individually and cumulatively consistent
with those outcomes.

W

Maonitor the sptake of development capacity in higher Clause 3.37 W
density 2ones.

Providing for intensification

sats an objective for councils 1o enable greater intensity | Objective 3
i areas of high access or demand.

Enablbe minimum heights and densities in and near city Policies 3 and 4, e
and meetropolitan centres and near exsting and planned | clauses 3.31-3.34
rapid transit stops, undess a qualifying matter applies. in
all other areas, enabled building heights and densities
should reflect the relative demand for use and the level
of accessibility from planned or existing active and public
transport.

Enablbe building heights and densities that reflect the Policy 5 ]  an e w
relative demand for use, and the level of accessibillty
from planned ar existing active transport.

Responsive planning

Local autharities must be responsive to plan changes for | Policy 8, clause oy
unanticipated or out-of-seguence developments. s

Remowing minimum car parking requiremen is

18
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&2\ MEMORANDUM

weratek,  Policy & Planning

Date 1 September 2020

Subject: Resource Management Act Review Panel
Recommendations

Approved by: A D McLay, Director - Resource Management

M ] Nield, Acting Chief Executive

Document: 2560209

Purpose

1. The purpose of this memorandum is to inform members of the Resource Management
Act Review Panel's recommendations from its report New Directions for Resource
Management in New Zealand.

Executive summary

2. The Resource Management Review Panel (Panel) released their report New Directions for
Resource Management in New Zealand on Wednesday 29 July 2020.

3. The Report recommends fundamental changes to New Zealand's resource management
system including repealing and replacing the Resource Management Act 1991 (RMA) with
the following new legislation:

e a Natural and Built Environments Act;
e a Strategic Planning Act; and
e a Managed Retreat and Climate Change Adaptation Act.

4. The Natural and Built Environments Act would be the most direct replacement for the
RMA, while the SPA would have the purpose of setting long-term strategic goals, spatial
planning and facilitating the integration of functions from across the resource
management system (including the Local Government Act 2002, Land Transport
Management Act 2003 and Climate Change Response Act 2002).

5. Implementation of the new regime will rely heavily on the use of current national policy
statements, national environmental standards, national planning standards and
regulations, plus the promulgation of new ones.

6. If enacted, the Managed Retreat and Climate Change Adaptation Act will establish an
adaptation fund to enable central and local government to support necessary steps to
address the effects of climate change.
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7. The combined effect of the Strategic Planning Act and the Natural and Built Environments
Act would be to significantly overhaul current plan development processes with
requirements for combined regional policy statements and regional and district plans.

8. Implementation of the new regime will also require closer links between land and
resource planning and associated funding and investment.

9. For further information on the Panel’s recommendations refer to the Ministry for the
Environment website https:/ /www.mfe.govt.nz/rmreview.

Recommendations

That the Taranaki Regional Council:

a) receives the memorandum Resource Management Act Review Panel Recommendations
b) notes that the next Government will be considering the Panel's recommendations

c) notes that should the Panel’s recommendations be adopted by Government, substantial
investment in new systems and planning processes will be needed at both a national and
local level.

Background

10. It is the Government’s view that the RMA is no longer considered fit for purpose and
that New Zealand faces a number of pressing environmental problems including;:

e increasing pressure on New Zealand’s natural environment
e urban areas struggling to keep pace with population growth
e the urgent need to reduce carbon emissions and adapt to climate change

e the need to ensure that Maori have an effective role in the system, consistent with
the principles of Te Tiriti o Waitangi

e theneed to improve system efficiency and effectiveness.

11. Accordingly, in July 2019, Cabinet agreed to undertake a comprehensive review of the
resource management system. The Hon David Parker, Minister for the Environment,
officially launched the review on 24 July 2019.

12. A panel of experts was appointed to undertake the review. Meeting weekly throughout
the review, they worked with officials to thoroughly review the current resource
management system. The Panel members were:

¢ Hon Tony Randerson QC - Chair
¢ Rachel Brooking

e Dean Kimpton

e Amelia Linzey

e Raewyn Peart MNZM

e Kevin Prime MBE ONZM.

13. The scope of the review included looking at the RMA and how it interfaces with these
other pieces of legislation, namely:

e Local Government Act 2002
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14.

15.

16.
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o Land Transport Management Act 2003
e Climate Change Response Act, to be amended by the Zero Carbon Amendment Bill.

The review considered a new role for spatial planning by looking at plans and processes
across the RMA, Local Government Act and Land Transport Management Act. It also
considered new ways that planning could respond to the pressures of urban growth, and
better manage environmental effects. The Panel believes that spatial planning has the
potential to help make better and more strategic decisions about resources and
infrastructure over longer timeframes.

The review also sought ways to improve intergenerational wellbeing by strengthening
environmental protection and better enabling urban development outcomes within
environmental limits.

The Government will be reviewing the Panel’s recommendations in the next term. Both
the National Party and the Labour Party have indicated that they are supportive of wide-
scale RMA reform. The implications for the Council, in terms of the development and
review of its current plans under the current RMA system, is, at this point of time,
uncertain.

The report and key recommendations

17.

18.

The Panel’s Report is extensive, at over 530 pages. The Report highlighted significant
challenges with the current approach to planning under the RMA including;:

e Lack of clear environmental protections
e Lack of recognition of the benefits of urban development

e A focus on managing the effects of resource use rather than on planning to achieve
outcomes

e A bias towards the status quo

e Lack of effective integration across the resource management system

e  Excessive complexity, uncertainty and cost across the resource management system
e Lack of adequate national direction

¢ Insufficient recognition of Te Tiriti and lack of support for Maori participation

¢  Weak and slow policy and planning

¢  Weak compliance, monitoring and enforcement

e Capability and capacity challenges in central and local government.

e Weak accountability for outcomes and lack of effective monitoring and oversight.

The following discussion provided an overview of key Panel recommendations.

Natural and Built Environments Act

19.

The Panel proposes a new statute to replace the RMA - the Natural and Built Environments
Act. The purpose of the new Act will focus on enhancing the quality of the environment
to support the wellbeing of present and future generations. That purpose will be
achieved by promoting positive outcomes for both natural and built environments,
ensuring that the use, development and protection of resources only occurs within
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prescribed environmental limits and that the adverse effects of activities on the
environment are avoided, remedied or mitigated.

20. The Natural and Built Environments Act would:

e  Retain the integrated approach for land use planning and environmental protection
as the RMA, but with a revised purpose and focus on achieving positive outcomes.

e Include allocation principles of sustainability, efficiency and equity in the Act, with
a more balanced approach to prioritisation of existing users, including shorter
permit durations, stronger powers to review consent conditions, and direction
towards common expiry dates.

e Set mandatory environmental limits (bottom lines) - specified for biophysical
aspects of the environment, including freshwater, coastal water, air, soils and
habitats for indigenous species.

21. The Panel recommends that there should be mandatory plans for each region that
combine the regional policy statement, regional plans and regional and district plans.
These combined plans would be developed through:

e the establishment of a joint planning committee (made up of constituent councils,
the Department of Conservation, and mana whenua)

e the drafting of the combined plan by the joint planning committee
e apre-notification audit by the Ministry for the Environment

e the appointment of an independent hearing panel to hear submissions (chaired by
an Environment Court Judge). The hearing panel would then make
recommendations for the joint committee to accept or reject

¢ limited means and rights of appeal are proposed.

22. Of note, the proposed plan submission and adoption process is much more streamlined
and no longer includes requirements to engage on a draft policy statement or plan.

Strategic Planning Act

23. The Panel proposes a second new statute to complement resource management planning
- the Strategic Planning Act. The purpose of the new Act would be to set long-term
strategic goals and facilitate the integration of legislative functions across the resource
management system.

24. The Strategic Planning Act would:

e Include functions exercised under the Natural and Built Environments Act, the Local
Government Act, the Land Transport Management Act and the Managed Retreat and
Climate Change Adaptation Act to enable land and resource planning to be better
integrated, with the provision of infrastructure as well as associated funding and
investment.

e  Require new regional spatial strategies under the Strategic Planning Act
(encompassing both land and the coastal marine area). The legislation will set out
core content that must be included, to ensure consistency in approach across New
Zealand, while providing flexibility to tailor the spatial planning process to each
region. These strategies would align functions across other legislation.
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Regional spatial strategies would be consistent with national direction and
approved by a joint committee with representatives of central government, regional
councils and territorial authorities, mana whenua, and an independent chair.

Managed Retreat and Climate Change Adaptation Act

25. The Panel proposes a third new statute - the Managed Retreat and Climate Change
Adaptation Act. This would establish an adaptation fund to enable central and local
government to support necessary steps to address the effects of climate change and
would also deal with the many complex legal and technical issues involved in the
process of managed retreat.

26. In addition to an increased focus on climate change and natural hazard provisions in the
purpose and principles of the Natural and Built Environments Act, a dedicated Managed
Retreat and Climate Change Adaptation Act would provide for managed retreat, powers to
change established land uses and to address liability and options for potential
compensation. The recommendations include:

Establishment of a climate change adaptation fund to enable central and local
government to support necessary steps to address climate change adaptation and
reduction of risks from natural hazards.

This would be supplemented by mandatory national direction on climate change
mitigation and adaptation, and reduction of risk from natural hazards. These
matters would be addressed at a strategic level through regional spatial strategies.

Powers to modify established land uses to address climate change adaptation and
reduction of risks from natural hazards including powers to extinguish existing use
rights.

Other recommendations

27. To underpin and support the new regime, the Panel recommends other changes to the
resource management system such as:

An increased focus on national direction: This involves a greater use of mandatory
national direction on a range of core matters including: the identification of features
and characteristics that contribute to the quality of both natural and built
environments; responding to climate change; how to incorporate Maori perspectives
and matauranga Maori into the system; and prescribed environmental bottom lines
and targets to ensure continued improvement, in respect of matters of national
significance.

Greater use of economic instruments: This involves encouraging greater use of
economic instruments, ensuring a broad mandate for the use of tradeable rights and
permits, incentives and environmental taxes and charges.

Consenting changes: This involves proposed changes to the powers of regional
councils to modify or extinguish resource consents in certain circumstances,
removal of the ‘non-complying’ consent category, plus substantive changes to the
consent notification provisions, including removal of the ‘no more than minor’
effects threshold. It is also proposed to remove the “subject to Part 2’ reference and
the permitted baseline test (which have been the subject of considerable case law),
plus include an alternative dispute resolution process for controlled and restricted
discretionary activities.
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¢ Designation changes: This involves changes to the designation powers that they be
centred on public-good purposes with a two-stage process (notice of requirement,
and construction and implementation plan) and that there be a new default lapse
date of 10 years.

e Changes to compliance, monitoring and enforcement (CME): This includes new
regional hubs to undertake CME functions, strengthening the offences and penalties
regime, enabling regulators to recover costs associated with permitted activities and
unauthorised activity monitoring, and creating new offences, including a specific
offence for contravention of a consent condition, and providing a new power for
regulators to apply for a consent revocation order in response to serious or repeated
non-compliance.

Transition process to the new NBEA and SPA:

28. The Report of the Resource Management Review Panel sets out the Panel’s thoughts on a
sensible transition process although they are outside the scope of their terms of reference.
The key components of the transition to be addressed are:

e the timing and sequencing of national direction, regional spatial strategies and
combined plans

e the impact on existing processes, consents and activities under the RMA

e the financial and resourcing implications to develop and implement the reformed
system

e supporting the change in culture.

29. The Strategic Planning Act should come into effect before or at the same time as the
Natural and Built Environments Act, but the Managed Retreat and Climate Change Adaptation
Act could come later (although the Panel notes that this should not be delayed).

30. The new legislation for the reforms should be in place by the time the proposed COVID-
19 recovery legislation expires. The Panel expects that the overall transition process to be
completed within 10 years of the introduction of the Strategic Planning Act and the
Natural and Built Environments Act.

31. The Panel recommends that the Minister select one region to develop the first regional
spatial strategy, followed by development of the combined plan, to provide a model for
other regions. They suggest that the Ministry for the Environment should initiate this
process, which could be advanced alongside development of the new legislation and
updates to guidance in the national planning standards.

32. The Panel further recommends mandatory national direction be developed to set targets
to achieve outcomes identified in the principles of the Natural and Built Environments Act
and to set environmental limits for key biophysical resources, among other matters. The
Panel notes that it will be important to set these targets and limits as early as possible to
achieve the intent of the new Act. However, the Panel recognises it may not be possible
to develop the full set of mandatory national direction all at once, and choices will be
needed on priority areas. Of interest, is the new regime is underpinned by “one size fits
all’ national directions, which do not necessarily translate to more efficient and effective
planning and environmental outcomes.

33. The Panel suggests that some work should be commenced immediately, such as data
collection and analysis to establish a robust evidence base for setting targets and limits. It
is suggested that priority should also be given to addressing significant gaps in the
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existing national direction programme such as climate change and natural hazards, and
biodiversity.

34. The Panel notes that national direction on how Te Tiriti principles are to be implemented
under the Natural and Built Environments Act will be an important influence on processes
and practice across the system. They therefore recommend that the Government
commence development of this national direction before the new legislation is enacted.

35. National planning standards will also play an important role in the reformed system by
supporting consistent plan format and structure. Again, the Panel recommends that work
on developing these could also begin before the commencement of the new legislation.

36. Finally, Members will recall that the recently enacted Resource Management Amendment
Act 2020 sets out a new freshwater planning process (s80A). The Act also provided for
the establishment of a Chief Freshwater Commissioner who will convene freshwater
hearings panels to make recommendations to regional councils and unitary authorities
on plan provisions relating to freshwater. The process will apply when regional councils
or unitary authorities are developing or changing regional policy statements and regional
plans that contain provisions to give effect to the National Policy Statement for Freshwater
Management or otherwise relate to freshwater. Officers suggested that the Ministry for the
Environment will need to carefully consider how the proposed freshwater planning
process should be integrated into any new process to develop combined plans under the
reformed system.

Where to from here?

37. The Panel’s report represents the culmination of nine months of intensive work. The
Panel concludes its work with the delivery of this report to the Minister for the
Environment.

38. The Ministry for the Environment must now provide advice to their Minister on the
report’s recommendations. Cabinet is ultimately responsible for making all decisions
about how to progress the Panel’s findings.

39. The report notes that Cabinet has indicated that the Government will undertake a broad,
open process of public consultation following Government’s consideration of the Panel’s
proposals. In addition, Cabinet has directed officials to look for opportunities to
collaboratively refine and co-design policy options with Maori during the next phase of
the review.

40. Wide engagement with New Zealanders and stakeholders is anticipated before the
introduction of any new legislation.

41. Should the recommendations be adopted, the implications for the Council and all local
government are expected to be significant, particularly in relation to required changes to
council’s planning and regulatory systems and processes. It is unclear at this point in
time how differing planning processes will be aligned noting that this Council has a
number of plans at different stages of statutory review, that South Taranaki District is
nearing the end of their district plan review, that New Plymouth District is only about
half way through their plan review, while Stratford District is about to start their plan
review.

42. It has been suggested in political and legal commentary that local government reform
could be a logical consequence of the Panel’s recommendations.
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43. Officers will maintain a watching brief on developments and report back to Council as
formal proposals are made by the Government. Ongoing change is a feature of recent
Governments and care is needed to demonstrate the change will be beneficial as resource
management is a complex area. The recommendations promote the use of national
planning instruments and the inherent ‘one size fits all” approach has not always
delivered benefits to the Council. For any change there will be winners and losers.

Decision-making considerations

44. Part 6 (Planning, decision-making and accountability) of the Local Government Act 2002
has been considered and documented in the preparation of this agenda item. The
recommendations made in this item comply with the decision-making obligations of the
Act.

Financial considerations—LTP/Annual Plan

45. This memorandum and the associated recommendations are consistent with the
Council’s adopted Long-Term Plan and estimates. Any financial information included in
this memorandum has been prepared in accordance with generally accepted accounting
practice.

Policy considerations

46. This memorandum and the associated recommendations are consistent with the policy
documents and positions adopted by this Council under various legislative frameworks
including, but not restricted to, the Local Government Act 2002, the Resource Management
Act 1991 and the Local Government Official Information and Meetings Act 1987.

Iwi considerations

47. This memorandum and the associated recommendations are consistent with the
Council’s policy for the development of Maori capacity to contribute to decision-making
processes (schedule 10 of the Local Government Act 2002) as outlined in the adopted long-
term plan and/or annual plan. Similarly, iwi involvement in adopted work programmes
has been recognised in the preparation of this memorandum.

Legal considerations

48. This memorandum and the associated recommendations comply with the appropriate
statutory requirements imposed upon the Council.

Attachments
49. A full copy of the 531 page report or the 21 page summary can be found at:
e Report of the Resource Management Review Panel
https:/ /www.mfe.covt.nz/sites/default/files/media/RMA /rm-panel-review-
report-web.pdf

e Report of the Resource Management Review Panel: Summary and Key recommendations
https:/ /www.mfe.gcovt.nz/sites/default/files/media/RMA /rm-panel-review-
report-summary.pdf
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MEMORANDUM

Taranaki

Regional Council POlicy 8 Planning

Date 1 September 2020
Subject: Lake Rotorangi SEM Annual Monitoring Report
Approved by: G K Bedford, Director - Environment Quality

M J Nield, Acting Chief Executive

Document: 2568059

Purpose

1. The purpose of this memorandum is to present a report prepared by staff, on the
ecological and physico-chemical state of Lake Rotorangi as determined in the 2018-2019
programme monitoring the state of the lake, and trends in that quality since monitoring
first began in 1984. The Executive Summary of the report ‘State of the Environment
Monitoring of Lake Rotorangi water quality and biological programme Annual report 2018-2019,
Technical Report 2019-97 is attached to this memorandum, and the full report is available
upon request and on the Council’s website.

2. Lake Rotorangi, the region’s largest, is monitored for both consent compliance and for
state of the environment monitoring purposes, through a programme financed in part
by TrustPower, the consent holder for the Patea Hydroelectric Scheme.

Executive summary

3. The Council’s ‘Regional Freshwater Plan for Taranaki’ (October 2001) states as two of its
objectives for the regional community, ‘to maintain and enhance the quality of the surface
water resources of Taranaki by avoiding, remedying or mitigating the adverse effects of
contaminants discharged to land and water from point-sources.... and diffuse sources’
(Objectives 6.2.1 and 6.3.1). In doing so, the Council and community seek to provide for
the values associated with surface water, and to ensure the maintenance of aquatic
ecosystems (Environmental Results Anticipated ER1).

4. In order to ascertain the successful adoption and application or otherwise of the
Council’s policies and methods of implementation, the Council conducts ‘state of the
environment’ (SEM) monitoring to obtain up to date robust information for parameters
that characterise the region’s environment and resources. The results and findings of the
SEM programme for the region’s freshwater systems can be interrogated to determine
trends and changes in trends in the quality of the region’s freshwater resources,
alongside the information on the current ‘state” of the region’s physicochemical
parameters that SEM generates and how the quality of the region's resources measures
up against national requirements.
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The state of Lake Rotorangi is determined each year, through four water quality
monitoring surveys and through phytoplankton, benthic invertebrate, and macrophyte
(aquatic plants) surveys conducted at various intervals.

Based on these surveys and studies, the lake’s condition continues to be classified as
mesotrophic, with no change showing in trophic level over the period 1990-2019. If the
trend in some individual nutrient metrics continues, then in the very long term future
the lake might become mildly nutrient enriched (eutrophic), but this is considered
unlikely given the lake displays only moderate levels of chlorophyll. Phytoplankton
densities continue to be low, restricted by lack of nutrients and by freshes (which
shorten residence times and flush existing communities). The Council continues to meet
its LTP target in respect of the lake.

The report’s recommendation is that the programme continues as currently designed,
including the incorporation of elements that are implemented on an occasional basis.

The report was prepared prior to the release of the Government's 'National Policy
Statement for Freshwater Management 2020'. The latter imposes a range of obligations upon
councils in respect of water quality monitoring and in assessment of monitoring data at
regionally representative lakes. The results from 2018-2019 are discussed in the light of
the NPS within this memo.

Recommendations

That the Taranaki Regional Council:

a)

=3

)
9
)

(o

receives this memorandum noting the preparation of a report into the state of the water
quality and biological programme of Lake Rotorangi as determined in monitoring
during 2018-2019

notes the findings of the SEM programme
adopts the specific recommendation therein

notes that future SEM-based lake monitoring will be reviewed for conformity with the
NPS (2020)

Background

9.

10.

This Committee has been regularly informed of the findings that emerge from the
Council’s various freshwater “state of the environment” monitoring programmes. These
programmes are important as indicators of the effectiveness of the Council’s and
community’s interventions and resource management initiatives addressing freshwater
quality in the region. Members will be aware that there is a high level of interest
nationally in the state and management of the country’s fresh water resources (in both
rivers and lakes).

The Council’s ‘Regional Freshwater Plan for Taranaki” deals with lake and river water
quality jointly as ‘surface water’ quality. The three objectives most relevant are as
follows:

a) Objective 6.1.1: To promote the sustainable management of the surface waters of
Taranaki while avoiding, remedying or mitigating any actual or potential adverse
effects from the taking, use, damming or diversion of surface water;
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b) Objective 6.2.1: To maintain and enhance the quality of the surface water
resources of Taranaki by avoiding, remedying or mitigating the adverse effects of
contaminants discharged to land and water from point sources;

c) Objective 6.3.1: To maintain and enhance the quality of the surface water resources
of Taranaki by avoiding, remedying or mitigating the adverse effects of
contaminants discharged to land and water from diffuse sources.

Under ‘levels of service” in the Resource Management section within the Council’s 2018-
2028 Long Term Plan, item 3 (“maintenance and enhancement of overall water quality in
our rivers and lakes, groundwater and coastal waters’) includes:-

'Measure: physicochemical and biological parameters for quality of Lake Rotorangi

Target (years 1-10): the trophic state (an indication of the ecological condition as
affected by nutrient enrichment) of Lake Rotorangi to remain as it was in 1988
(mesotrophic/mildly eutrophic, or the middle category of trophic states).

Baseline: the current life-supporting capacity of the lake is stable and relatively
healthy (better than almost 2/3 of lakes monitored nationally). State of lake shown to
continue to be mesotrophic/mildly eutrophic.'

Lake Rotorangi is an artificial lake (as are four of the region’s other significant lakes-
Mangamahoe, Ratapiko, Opunake, and Rotomanu), and the Council’s management of its
quality is in part through the conditions imposed within consents held by TrustPower.
Because of their use for generation purposes, most of these lakes tend to have a
relatively high through-flow and are therefore less susceptible to potential water quality
issues than might otherwise be the case.

Discussion

State of Lake Rotorangi

13.

14.

15.

16.

One of the Council’s ‘State of the Environment’ monitoring programmes measures the
ecological and water quality state of Lake Rotorangi, as the region's largest lake.
Monitoring of the lake has been undertaken since its construction in 1984, with reporting
to the Council since 1988. Reporting was initially by way of consent compliance
reporting, up until 2010-2011, with subsequent lake monitoring being reported as a state
of the environment annual report, partially financed by TrustPower.

Staff have now reported the data for the 2018-2019 years, including an analysis of trends
in the trophic state of the lake over the period 1984-2019.

Changes in thermal stratification (layers of distinct water quality within the lake,
typified by low oxygen and low temperature at depth during warmer months) during
the year were largely similar to that typically recorded in previous surveys of this
reservoir-type lake. Thermal stratification was beginning to form at both sites during the
spring surveys, and was typically well developed during late summer - autumn at both
the mid and lower lake sites, with dissolved oxygen depletion evident in the lower
waters of the hypolimnion at both sites (deeper than 5-9 metres). Partial overturn was
apparent at both sites by mid-winter (a degree of re-oxygenation was evident).

The process of overturn re-oxygenates the deeper parts of the lake (eg down to 25
metres), and also brings minor amounts of phosphorus solubilised from sediment under
anaerobic conditions to the surface in late winter, potentially promoting algal growth in
spring-summer. Despite mild nutrient enrichment in the lake overall (see later in this
memo), during the monitoring year phytoplankton abundances were low to moderate,
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18.

19.

20.

21.

22.
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coincident with low chlorophyll-a levels. On the other hand, phytoplankton diversity
was higher than usual. The main limiting factors for proliferation of communities within
the lake probably continue to be plant nutrient availability and frequency of river
freshes. Previous studies have concluded that low levels of dissolved reactive
phosphorus and ammonia indicated a relative lack of nutrient release under anoxic
conditions, consistent with lakebed sediment not yet contaminated with high nutrient
levels.

As has also been the case in previous years, there were no phytoplankton blooms in the
lake during the period under review. Phytoplankton community composition tends to
reflect environmental conditions prevailing at the time of each survey, rather than
showing any long-term trends. Any proliferation tends to be opportunistic and short-
lived. With the exception of the spring 2018 sample, taxa richness at both sites was
substantially higher than the median richness of 4 taxa. Despite this higher than usual
diversity, chlorophyll-a concentrations were within a relatively low and small range.
This indicates that although there was increased diversity, there were not particularly
high abundances of the taxa present.

An aquatic macrophyte survey was conducted in April 2018, prior to the year under
review. Surveys are triennial.

The lake biologically continues to exhibit mesotrophic conditions, bordering on
eutrophic, rather than having become eutrophic as was originally predicted during the
process associated with granting the original water rights (consents), in spite of high
turbidity (due to river silt) and associated elevated nutrients (which are primarily
present in total, but not in dissolved, forms). Nutrient data surveyed during the period
under review were within ranges recorded since 1990 for all sites. TP and TN nutrients
have shown non-significant temporal increases over the twenty-seven year period, while
a more significant temporal increase in nitrate-N is consistent with a very slow rate of
increase in trophic level.

Therefore the target set out in the Council's LTP is being maintained: the trophic state (an
indication of the ecological condition as affected by nutrient enrichment) of Lake Rotorangi to
remain as it was in 1988 (mesotrophic/mildly eutrophic, or the middle category of trophic states).

The baseline condition of Lake Rotorangi referenced in the LTP notes that from a
national study in 2010, it was found that the lake was in better condition than almost 2/3
of lakes monitored nationally. More recently, an updated survey of the conditions of
selected lakes nationwide has been undertakenl. The report does not provide a
collective overview across all lakes, but does look at classes of lakes based on depth and
altitude. Lake Rotorangi fits most closely into two low altitude classes, of lakes either 15-
50 metres deep or greater than 50 metres deep. Within these two classes, Lake Rotorangi
has typical to better than typical concentrations of phytoplankton (and much better than
other lowland lakes); somewhat higher concentrations of ammonia and total nitrate; and
typical concentrations of total phosphorus. Levels of turbidity are typical to above
typical when compared to equivalent lakes. For total phosphorus, total nitrogen, and
turbidity, Lake Rotorangi has much better results than shallower lowland lakes.

While these result would indicate that Lake Rotorangi is under slightly greater pressure
than comparable lakes elsewhere, the fact that the phytoplankton levels are lower than

1 Water quality state and trends in New Zealand lakes- Analyses of national data ending in 2017,
NIWA report for Ministry for the Environment
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in other equivalent lakes indicates that such pressures are not driving the lake towards
an excessively productive state. Current and proposed Council and community
interventions to safeguard catchment water quality will further protect the lake.

The NPS 2020

23.

24.

25.

26.

27.

28.

29.

In August 2020, the Government released the National Policy Statement for Freshwater
Management 2020 (NPS). The NPS contains within it water quality attribute (measures)
tables, which stipulate criteria against which the water quality in lakes must be
measured and reported. These include phytoplankton (assessed by chlorophyll-a
concentration); total nitrogen; total phosphorus; ammonia; E coli; cyanobacteria;
submerged native plants; submerged invasive plants; lake-bottom dissolved oxygen;
and mid-hypolimnetic dissolved oxygen.

Phytoplankton: the NPS requires that the annual median is less than 12 mg chl-a/m?
and the maximum is less than 60 mg chl-a/m3. The median at site L2 during the year
under review was 2.8 mg chl-a/m?, with a maximum of 3.7, while at site L3 (near the
dam), the median was 2.3 mg chl-a/m?3, with a maximum of 3.0 mg chl-a/m3. These
results classify the lake as at the top of the 'B' category overall, and in the 'A' category
based on worst-case results. Nationally, 19% of all lakes exceed the bottom line for the
median concentration limit for phytoplankton, and 33% exceed the maximum
concentration limit.

Total nitrogen: the NPS requires that the annual median is less than 750 mg/m?. In the
year under review, the total nitrogen at site L2 had a median value of 530 mg/m3. At site
L3 the median value was 540 mg/m?3. These results would see the lake assigned into the
middle of the 'C' category of the NPS.

Total phosphorus: the NPS requires that the annual median is less than 50 mg/m?3. In
the year under review, the total phosphorus at site L2 had a median value of 28 mg/m?3.
At site L3 the median value was 15 mg/m?3. These results would see the lake assigned
into the middle of the 'C' category of the NPS at site L2, and the middle of the 'B'
category at site L3.Nationally, 17% of all lakes exceed the bottom line limit for total
phosphorus.

Ammonia: the NPS requires that the annual median is less than 0.24 g/m?3, and the
maximum is less than 0.40 g/m3. In the year under review, the ammonia at site L2 had a
median value of 0.025 g/m? and a maximum of 0.067 g/m?. At site L3 the median value
was 0.008 g/m? and the maximum was 0.018 g/m3. These results would see the lake
assigned into the 'A' category of the NPS for 3 of these results, or the 'B' category in the
case of the maximum value at site L2.

E coli: the NPS requires that the suitability for recreation be graded into one of 5
categories. There are 4 different criteria to be applied; the water body's final grade is
based on the worst result. Both sites fully satisfied the 'A' category thresholds for all four
criteria.

Cyanobacteria: the NPS requires that the 80th%ile result of at least 12 samples is either
less than 1.8 mm?/L of potentially toxic cyanobacteria, or less than 10 mm?3/L total
volume of all cyanobacteria. The Council does not currently monitor specifically for
cyanobacteria at Lake Rotorangi, but does so at four other lakes within its summer
recreational surveys. This latter programme provides representative information for the
region. Council officers will evaluate the value of undertaking cyanobacteria monitoring
in the near future.
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Submerged native plants: the NPS requires that the lake scores at least 20% of the
maximum score in the Native Condition Index. The last survey of the aquatic
macrophytes in Lake Rotorangi was performed on 15 April 2018, and is described in the
previous annual report. Surveys are now undertaken every three years. This will next be
undertaken in autumn 2021, and its design will be reviewed in the light of the NPS
monitoring requirements for representative lakes.

Submerged invasive plants: the NPS requires that the lake scores at less than 90% of the
maximum score in the Invasive Impact Index. The last survey of the aquatic
macrophytes in Lake Rotorangi was performed on 15 April 2018, and is described in the
previous annual report. The oxygen weed Egeria densa was identified as the dominant
macrophyte in the lower part of the lake, and Ceratophyllum demersum (hornwort) in
parts of the mid-section. No other species was recorded as dominant, and only one other
species, Glossostigma elatinoides, was found. Lagarosiphon major, which had been recorded
in all previous surveys was not found, possibly as a result of the high turbidity. Surveys
are now undertaken every three years. This will next be undertaken in autumn 2021, and
its design will be reviewed in the light of the NPS monitoring requirements for
representative lakes.

Lake-bottom dissolved oxygen: the NPS requires that the annual minimum is greater
than 0.5 g/m?® within 1 metre of the lake bottom. At both lake monitoring sites, dissolved
oxygen concentrations fell below this national bottom line during periods of
stratification, when oxygen consumed by either biological or chemical processes cannot
be replaced due to thermal separation from the more oxygenated surface waters. This
causes oxygen depletion in the hypolimnion unless re-mixing occurs, either as a result of
natural overturn processes in winter or as a result of flood events in the river inflow.
These results are typical of those recorded in Lake Rotorangi in the past 25 years.

It is important to realise that any lake supporting a healthy ecosystem will inevitably go
into a state of oxygen depletion during any period of thermal stratification. There is no
quick or simple 'fix' to raising the lake-bottom oxygen levels under such conditions, as
nutrient levels in the lake are by no means excessive to begin with. The Council's
riparian and sustainable hill country programmes, together with recently tightened
controls upon the discharge from the Stratford wastewater treatment plant and the
Council's policy of diversion of dairy effluent discharges away from waterways, would
constitute the elements of the action plan that the NPS requires in the event of non-
compliance, by reducing current levels of inputs of nutrients and sediment.

Mid-hypolimnetic dissolved oxygen: the NPS requires that the annual minimum is
greater than 4.0 g/m?3. At both lake monitoring sites, mid-hypolimnetic concentrations of
dissolved oxygen fell below this bottom line on occasion. As with failure to meet lake-
bottom dissolved oxygen limits, the NPS response required of the Council is that it
prepare an action plan to enhance dissolved oxygen levels in the lake (see previous
paragraph).

The water quality and ecology of Lake Rotorangi fall into a variety of NPS grading
categories, ranging from 'C' to 'A', except for low dissolved oxygen levels that reflect the
characteristics of the lake. The enactment of the NPS 2020 means that the Council will
have to modify future monitoring programmes and reporting content for Lake
Rotorangi, if the lake is deemed representative of other lakes in the region. The
programme for 2020-2021 has already been established and is in effect, but changes will
be progressively implemented as resources allow.
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Decision-making considerations

36. Part 6 (Planning, decision-making and accountability) of the Local Government Act 2002
has been considered and documented in the preparation of this agenda item. The
recommendations made in this item comply with the decision-making obligations of the
Act.

Financial considerations—LTP/Annual Plan

37. This memorandum and the associated recommendations are consistent with the
Council’s adopted Long-Term Plan and estimates. Any financial information included
in this memorandum has been prepared in accordance with generally accepted
accounting practice.

Policy considerations

38. This memorandum and the associated recommendations are consistent with the policy
documents and positions adopted by this Council under various legislative frameworks
including, but not restricted to, the Local Government Act 2002, the Resource Management
Act 1991 and the Local Government Official Information and Meetings Act 1987.

Iwi considerations

39. This memorandum and the associated recommendations are consistent with the
Council’s policy for the development of Maori capacity to contribute to decision-making
processes (schedule 10 of the Local Government Act 2002) as outlined in the adopted long-
term plan and/or annual plan. Similarly, iwi involvement in adopted work
programmes has been recognised in the preparation of this memorandum.

Legal considerations

40. This memorandum and the associated recommendations comply with the appropriate
statutory requirements imposed upon the Council.

Appendices

Executive summary and recommendations extracted from the Technical Report 19-97 State of
the Environment Monitoring Lake Rotorangi Water Quality and Biological Programme Annual
Report 2018-2019

Attachments

Document 2554718: Technical Report 19-97 State of the Environment Monitoring Lake Rotorangi
Water Quality and Biological Programme Annual Report 2018-2019
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Executive summary

Lake Rotorangi was formed in May 1984 by the construction of an earth fill dam on the Patea
River for hydro-electric power generation. During the process of obtaining planning
consents, it was recognised that, although a regionally significant recreational resource
would be formed, considerable environmental impacts might also occur. Consequently, a
comprehensive monitoring programme was developed and implemented for the lake. This
report presents the results of the 29th year of this monitoring.

Four water quality sampling surveys were performed at two sites each during the 2018-2019
period. The first of the two sites surveyed is located in the mid reaches of the lake, while the
second site is located nearer to the dam.

Changes in thermal stratification during the year in both periods were largely similar to that
typically recorded in previous surveys of this reservoir-type lake. Thermal stratification was
beginning to form at both sites during the spring survey, and was well developed during the
late summer-autumn at the mid and lower lake sites, with dissolved oxygen depletion
measured in the lower waters of the hypolimnion at both sites. Oxygen depletion remained
evident in winter at the lower lake site. Lake overturn had not occurred completely at the
lower lake site by the time of the winter survey, although water temperatures were uniform
throughout the water column. These conditions have been typical of this reservoir-type lake
on most occasions to date.

During the monitoring period, phytoplankton richnesses (diversity) were higher than
typical, although coincident with low to moderate chlorophyll-a levels. The main limiting
factors for phytoplankton communities within the lake probably continue to be plant
nutrient availability and frequency of river freshes. A very sparse macroinvertebrate fauna
has been found amongst the fine sediments of the deeper lake sites where only those taxa
able to tolerate the lengthy periods of very low dissolved oxygen levels which have been
recorded, are able to establish communities.

A macrophyte survey was not carried out during the period under review and is next
scheduled for the 2020-2021 period. The autumn 2018 macrophyte survey identified the
oxygen weed Egeria densa as the dominant macrophyte in the lower part of the lake. The
other species recorded as dominant was Ceratophyllum demersum (hornwort), in parts of the
mid-section of the lake. Hornwort, which was first recorded in the 2012 survey and had
increased markedly at the time of the 2015 survey, was not recorded to have extended
beyond the mid-section in the 2018 survey. It has been predicted that hornwort will
eventually become dominant, out-competing E. densa and L. major. While this is not expected
to cause significant impacts on the ecology of Lake Rotorangi or on the hydro-electric
scheme, there is now greater potential for it to spread to nearby lakes, where such impacts
could be much more severe, e.g. Lake Rotokare.

Lake condition, in terms of lake productivity, continued to be within the category of
mesotrophic to possibly mildly eutrophic (mildly nutrient enriched). However, taking into
account the influence of suspended sediment in this reservoir, and the moderately low
chlorophyll levels, the classification is more appropriately mesotrophic. Previous trending of
these water quality data over time found a very slow rate of increase in trophic level.
Updated trend analysis, for the period 1990-2018, reconfirmed the rate of increase in trophic
level is very slow and insignificant. Analysis also confirmed that the lake continues to be
classified as mesotrophic in terms of biological condition.

The monitoring programme will continue in its present format for State of the Environment
reporting purposes with regular (3-yearly) additional biological components (e.g.
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macrophyte survey) for consent compliance purposes. This report also includes
recommendations for the 2019-2020 monitoring year.

5. Recommendations

The following recommendations are based on the results of the 2018-2019 water quality and
biological monitoring programmes and the contractual requirements of the resource
consents held by Trustpower for the Patea Hydro Electric Power Scheme on Lake Rotorangi:

1. THAT the Lake Rotorangi physicochemical and biological water quality monitoring
programme continue on an annual basis as a component of the Council’s State of the
Environment monitoring programme, with every third year of the programme also
undertaken in conjunction with the Patea Hydro Electric Power Scheme - aquatic monitoring
plan (next in 2020-2021), and that the requisite macrophyte and benthic macroinvertebrate
surveys be components of the 2020-2021 programme.

2. THAT the calculation of VHOD rates as a component of the Lake Rotorangi
physicochemical and biological water quality monitoring programme be discontinued due to
the inaccuracies and shortfalls of the calculation method.
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Executive summary

Lake Rotorangi was formed in May 1984 by the construction of an earth fill dam on the Patea River for
hydro-electric power generation. During the process of obtaining planning consents, it was recognised that,
although a regionally significant recreational resource would be formed, considerable environmental
impacts might also occur. Consequently, a comprehensive monitoring programme was developed and
implemented for the lake. This report presents the results of the 29t year of this monitoring.

Four water quality sampling surveys were performed at two sites each during the 2018-2019 period. The
first of the two sites surveyed is located in the mid reaches of the lake, while the second site is located
nearer to the dam.

Changes in thermal stratification during the year in both periods were largely similar to that typically
recorded in previous surveys of this reservoir-type lake. Thermal stratification was beginning to form at both
sites during the spring survey, and was well developed during the late summer-autumn at the mid and
lower lake sites, with dissolved oxygen depletion measured in the lower waters of the hypolimnion at both
sites. Oxygen depletion remained evident in winter at the lower lake site. Lake overturn had not occurred
completely at the lower lake site by the time of the winter survey, although water temperatures were
uniform throughout the water column. These conditions have been typical of this reservoir-type lake on
most occasions to date.

During the monitoring period, phytoplankton richnesses (diversity) were higher than typical, although
coincident with low to moderate chlorophyll-a levels. The main limiting factors for phytoplankton
communities within the lake probably continue to be plant nutrient availability and frequency of river
freshes. A very sparse macroinvertebrate fauna has been found amongst the fine sediments of the deeper
lake sites where only those taxa able to tolerate the lengthy periods of very low dissolved oxygen levels
which have been recorded, are able to establish communities.

A macrophyte survey was not carried out during the period under review and is next scheduled for the
2020-2021 period. The autumn 2018 macrophyte survey identified the oxygen weed Egeria densa as the
dominant macrophyte in the lower part of the lake. The other species recorded as dominant was
Ceratophyllum demersum (hornwort), in parts of the mid-section of the lake. Hornwort, which was first
recorded in the 2012 survey and had increased markedly at the time of the 2015 survey, was not recorded
to have extended beyond the mid-section in the 2018 survey. It has been predicted that hornwort will
eventually become dominant, out-competing E. densa and L. major. While this is not expected to cause
significant impacts on the ecology of Lake Rotorangi or on the hydro-electric scheme, there is now greater
potential for it to spread to nearby lakes, where such impacts could be much more severe, e.g. Lake
Rotokare.

Lake condition, in terms of lake productivity, continued to be within the category of mesotrophic to possibly
mildly eutrophic (mildly nutrient enriched). However, taking into account the influence of suspended
sediment in this reservoir, and the moderately low chlorophyll levels, the classification is more appropriately
mesotrophic. Previous trending of these water quality data over time found a very slow rate of increase in
trophic level. Updated trend analysis, for the period 1990-2018, reconfirmed the rate of increase in trophic
level is very slow and insignificant. Analysis also confirmed that the lake continues to be classified as
mesotrophic in terms of biological condition.

The monitoring programme will continue in its present format for State of the Environment reporting
purposes with regular (3-yearly) additional biological components (e.g. macrophyte survey) for consent
compliance purposes. This report also includes recommendations for the 2019-2020 monitoring year.
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1 Introduction

1.1 General

The Resource Management Act 1991 (‘the RMA") established new requirements for local authorities to
undertake environmental monitoring. Section 35 of the RMA requires local authorities to monitor, among
other things, the state of the environment of their region or district, to the extent that is appropriate to
enable them to effectively carry out their functions under the Act.

To this effect, the Taranaki Regional Council (the Council) established a State of the Environment monitoring
(SEM) programme for the region. This programme is outlined in the Council’s ‘State of the Environment
Monitoring Procedures Document’, which was prepared in 1997. The monitoring programme is based on
the significant resource management issues that were identified in the Council’s Regional Policy Statement
for Taranaki (1994a).

The SEM programme comprises a number of individual monitoring activities, many of which are undertaken
and managed on an annual basis (from 1 July to 30 June). For these annual monitoring activities, summary
reports are produced following the end of each monitoring year. Where possible, individual consent
monitoring programmes have been integrated with the SEM programme to save duplication of effort and
minimise costs (as in the case of the TrustPower Ltd. Patea Dam HEP programme in the past). The purpose
of annual SEM reports is to summarise monitoring activity results for the year and provide a brief
interpretation of these results.

Annual SEM reports act as 'building blocks’ towards the preparation of the regional state of the
environment report every five years. The Council's first, or baseline, SEM report was prepared in 1996 (TRC,
1996a), summarising the region’s progress in managing environmental quality in Taranaki over the past two
decades. The second report (for the period 1995-2000) was published in 2003 (TRC, 2003a). The third SEM
report (for the period 1995 to 2007) was published in 2009 (TRC, 2009a) and included trend reporting. The
fourth report (for the period 1995 to 2013) was published in 2015 (TRC, 2015a). The provision of appropriate
statistical software now allows regular reporting on trends in environmental quality over time where there
has been an accumulation of a comprehensive dataset of sufficient duration to permit a meaningful analysis
to be undertaken (i.e. minimum of 10 years).

1.2 Lake Rotorangi and catchment

Lake Rotorangi was formed in May 1984 by the construction of an earth fill dam on the Patea River. The
dam was integral to a power scheme designed to harness the flow of the Patea River and produce sufficient
power for Egmont Electricity to meet approximately 60% of its consumer needs. During the process of
obtaining planning consents, it was recognised that, although a regionally significant recreational resource
would be formed, considerable environmental impacts might also occur. Consequently, when planning and
water right consents were granted, specific conditions were imposed upon water rights, which involved
monitoring and otherwise studying the effects of the scheme on the environment, for the protection of the
public interest.

The appearance of Lake Rotorangi, its biological value, and its suitability for a range of recreational and
commercial uses is directly related to lake water quality. Water quality management is therefore the key to
the continued success of the lake and environs as regional and national recreational resources.
Consequently, all lake management decisions and lake uses need to be undertaken in consideration of
maintaining good lake water quality conditions.

The Patea Catchment above the dam (including the Mangaehu sub catchment) covers an area of
86,944.3 ha, including an urban area of 840.9 ha (1%). Riparian plans have been prepared for an area of
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19,466 hat (25% of catchment). As of June 2019, some 235 riparian plans have been prepared by the Council
in relation to properties within the Patea River sub-catchment. No additional plans have been produced for
properties in the Mangaehu River sub-catchment, upstream of the lake during the period under review.
Within these plans, some 1008 km of Patea riverbank [71% of the total banks’ length] and 26 km of
Mangaehu stream banks [54%)] currently have adequate riparian protection provided on the properties
covered by the plans. This represents an increase of 143 km in the Patea catchment and 7 km in the
Mangaehu catchment over the past three years. Outside of the properties covered by riparian plans, there
are a further 51% and 98% of streambanks in the Patea and Mangaehu catchments respectively, with only
some (natural) degree of riparian protection or landowner fencing/planting that is not covered by a Council-
prepared riparian plan. Within the Lake Rotorangi catchment area, 43233 ha (50%) is covered by Council Hill
Country plans, addressing land management and sediment issues. This area is dominated by dry stock
properties, as well as 6,588.7 ha (8%) of DOC owned land, and is located to the northeast and south east of
the catchment.

1.3 Historic monitoring of Lake Rotorangi

The initial sampling programme was designed to keep a watching brief on lake water quality and
productivity trends, in order to assess the way in which the new lake was settling down and its overall
environmental consequences. The results of this intensive monitoring programme were published in the
‘Lake Rotorangi - Monitoring a New Hydro Lake' (Taranaki Catchment Board, 1988) report.

The initial monitoring of the lake indicated that the lake was not grossly eutrophic as was initially predicted,
but mildly eutrophic or mesotrophic. The initial monitoring also determined that the annual thermal
stratification cycle, which the lake undergoes, is the single most important factor influencing the overall
water quality and biological productivity trends within the lake. The formation of a stable stratified lake
during the spring/summer period is dependent upon seasonal ambient temperature changes. Stratification
gives rise to a physical barrier, separating the surface water body (epilimnion) from the bottom water body
(hypolimnion). The intermediate zone is known as the metalimnion. The characteristics of lakes and the
importance of nutrients and eutrophication were fully discussed in the Taranaki Catchment Board (1988)
report.

Following the publication of the initial monitoring report, the Taranaki Catchment Board, in conjunction with
the Egmont Electric Power Board, considered the frequency and nature of the future monitoring programme
for Lake Rotorangi. Given the unexpectedly favourable way in which the lake had settled down, it was
decided that the monitoring programme should be scaled down to a residual level involving less frequent
sampling, yet be capable of maintaining an on-going measure of lake conditions. These scaled-down
programmes have now operated since 1988 and have been the subject of twenty-seven Annual Reports and
four subsequent state of the environment reports.

There was concern for the impact that larger flood events could have on the lake during the summer
stratification period. The original intensive monitoring period (1984 to 1988) had been conspicuous for the
absence of any large flood events entering the lake during such periods. However, the large floods of March
1990 and June 2015 provided some information in this respect (TRC, 1990, TRC 2016). The impacts of minor
freshes have been reported from time-to-time (TRC 1992a; TRC 1993; TRC 1995).

In 1995, NIWA reviewed the appropriateness of the Lake Rotorangi monitoring programme and analysed all
data collected during the last seven years of monitoring. Only minor changes to the monitoring programme
were suggested (Burns, 1995). More details of the suggested changes are provided in Section 1.4. In 1999,

! Methodology used to calculate the area covered by plans has changed, resulting in a decrease in the reported area from 22048
ha in June 2018 to 19466 ha in June 2019
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water quality data from Lake Rotorangi was assessed by Lakes Consultancy to determine the trophic status
of the lake after ten years of monitoring (Burns, 1999). See Section 1.4 for further details. Lakes Consultancy
also analysed Lake Rotorangi water quality data collected between 1990 and 2006 for trends to inform the
consent renewal process which took place between 2007 and 2010 (Burns, 2006). See Section 1.4 for further
details of both analyses undertaken by Lakes Consulting. The Council has analysed water quality trends
since 2006, including the period 1990-2018 analysed for this report.

14 Trends in lake water quality

In 1995, the Council provided several years’ (1988-1995) of Lake Rotorangi monitoring results and water
quality reports to NIWA for in-depth lake water quality trend analysis. NIWA concluded that Lake Rotorangi
had riverine qualities (such as the potential to be substantially affected by flood events). Consequently, it
was deemed unnecessary to de-seasonalise data before conducting trend analysis on water quality over
time. Further analysis indicated the lake had remained in a mesotrophic condition (Burns, 1995).

Minor changes to the existing Lake Rotorangi monitoring programme were recommended by NIWA in 1995
(Burns, 1995). Recommendations included the standardisation of sampling events to the current four dates
to allow for the additional analysis of data and to provide better statistical power and robustness when
determining changes in the lake’s trophic condition. These changes were incorporated into subsequent
monitoring programmes from 1996 onwards.

In 1999, the trophic status of Lake Rotorangi was reviewed based upon a lengthier period (ten years) of
monitoring data (Burns, 1999 and Burns et al., 2000) employing analysis methods detailed in Burns and
Rutherford (1998). The review indicated that, while the trophic level in Lake Rotorangi had not changed
since monitoring commenced in 1988, the physical and chemical characteristics of the lake changed
between upstream and downstream sampling sites. The report stated that the lake at the upstream site (L1)
was basically riverine in character, while the lake near the dam had the characteristics of a mesotrophic lake
containing surplus nitrate, but with phytoplankton growth limited by phosphorus availability. Hypolimnetic
anoxic conditions were frequently encountered at site L2 (half way along the lake) and occasionally at site
L3. However, there was little evidence of phosphorus release from the lake-bed sediments into the water
column via anoxic regeneration.

The analysis of water quality trends over the period 1990-2006 indicated that the lake remained
mesotrophic, although there had been a very slow increase in trophic level (Burns, 2006). The elevated
trophic level indices were influenced by high turbidity values (caused by fine suspended sediment
characteristic of this lake) and were not a true indication of the lake's actual trophic status. Burns concluded
that ‘despite the apparently very slow rate of change in trophic level, the lake would benefit from increased
riparian management initiatives in the upstream catchment.’

The Council has continued to analyse water quality trends since 2006, including the period 1990-2018 (last
27 years) analysed for this report. The analysis methodology is based on that employed by Burns (2006). The
most recent analysis continues to support the conclusions of Burns (2006) and indicates the trophic level
continues to increase at a very small, insignificant annual rate of change (0.02 + 0.01 TLI units per year).
Trend analysis of the key water quality variables (chlorophyll-a, secchi disc, total phosphorus and total
nitrogen) showed that chlorophyll-a was increasing over time (albeit at a slow rate of change within the
mesotrophic level range). Nitrate was also increasing over time.
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1.5 Monitoring programme

The Lake Rotorangi monitoring programme consists of two primary components; physicochemical sampling
and biological sampling. These components are detailed in the sub-sections below.

1.5.1 Lake Rotorangi physicochemical sampling

In 2018-2019, the Council undertook sampling of the lake at two sites (L2 and L3) on four occasions
designed to coincide with varying stratification stages within the lake. The analytical parameters measured
followed the Council's standard lake sampling protocols at intervals and sites determined by the agreed
programme. The upper (riverine) site was removed from the programme during the 2010-2011 period as it
was not considered to be a representative lake site as required for future lake monitoring and state of the
environment trending requirements.

1.5.2 Lake Rotorangi biological monitoring

Phytoplankton monitoring was performed at the same two sites sampled for physicochemical analysis, on all
four of the lake sampling visits each year. Macroinvertebrate samples collected from the lake bed at these
two sites during the spring physicochemical survey are a triennial component of the programme and were
last collected in 2017. The aquatic macrophyte survey of the lake is also a triennial component of the
monitoring programme and was last performed during autumn 2018. The macroinvertebrate survey is next
due in spring 2020, while the macrophyte survey is next due in autumn 2021.

1.6 Objective

The objective of this Report is to provide an assessment of the physicochemical and biological state and
trends in Lake Rotorangi. Findings reported here will be used to inform on consent compliance reporting for
Lake Rotorangi and to assist with the management of Lake Rotorangi, general environmental management
policy and plans for regional lakes.
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2 Water quality monitoring

2.1 Methods

The water quality physicochemical monitoring programme for Lake Rotorangi consisted principally of four
sampling surveys each year timed to coincide with:

a. pre-stratification period (spring) conditions (near 20 October);

b. stable summer stratification conditions (near 20 February);

c. pre-overturn (later summer) conditions (within one month of (b), and near 20 March); and

d. post-overturn winter conditions (near 20 June).

The parameters measured at the two lake sites during each sampling survey are listed in Table 1 and the
locations of routine lake sampling sites are shown in Figure 1.

Table 1  Water quality parameters measured at the two sampling sites

Sampling site
Parameter
Lake Site 2 Lake Site 3
GPS location 1729856E 5626435N 1734948E 5621974N
General site code LRT 000300 LRT 000450
Depth profile! for
- dissolved oxygen X X
- temperature X X
Point source? in the:
(a) Surface, for [LRT00S300] [LRT00S450]
- secchi disc transparency X X
- black disc transparency X X
- pH X X
- conductivity X X
- turbidity X X
- suspended solids X X
- chlorophyll-a3 X X
- E coli X X
(b) Epilimnion, and [LRTOOE300] [LRTOOE450]
(c) Hypolimnion, for [LRTOOH300] [LRTOOH450]
- suspended solids X X
- total phosphorus X
- dissolved reactive phosphorus X X
- nitrate-nitrogen X X
- nitrite-nitrogen X X
- ammoniacal-nitrogen X X
- total Kjeldahl nitrogen X X
- total nitrogen X X
- pH X X
- conductivity X X
- turbidity X X
(d) Sediment/water/interface?, for [LRTO0B300] [LRTO0B450]
- ammoniacal-nitrogen X X
- total phosphorus X X
- dissolved reactive phosphorus X X
- nitrite and nitrate nitrogen X X
-pH X X
- turbidity X X
Note: 1 Depth profile sampling refers to taking discrete depth measurements

2 Point source sampling refers to taking samples which reflect the water quality of a specific zone

3 Chlorophyll-a collected through a column (= 2.5 x secchi disc transparency) ie depth integrated
(at sites LRTOOP300 & LRTOOP450)

4 February and March only
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LRT00S450.

Figure 1 Aerial location map of Lake Rotorangi water quality sampling sites for 2018-2019 (LRT000300 and
LRT000450)
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In the year under review, the sampling runs were performed at the established monitoring sites on the dates
shown in Table 2.

Table 2 Sampling dates for the Lake Rotorangi water quality monitoring programme

Sampling Run Time Date
1 Spring 24 October 2018
2 Late summer, stratification 20 February 2019
3 Autumn, stratification 19 March 2019
4 Winter 19 June 2019

The spring sampling survey was performed under steady fresh recession river flow conditions following a
period of two small freshes in the Patea catchment and three small freshes in the Mangaehu catchment over
the preceding month (Appendix I). The late summer survey occurred under steady low flow conditions
during a dry period of over a month prior in both catchments. The autumn survey was performed under
steady fresh recession flow conditions five days since a small fresh in the Mangaehu catchment and eleven
days after a small fresh in the Patea catchment, preceded by a dry period of three weeks. The final (winter)
survey was performed during river recession flow conditions, thirteen days after a small fresh and twenty
days after a moderate fresh. There were a further two moderate freshes in each of the two catchments
during the preceding six weeks. Lake level was moderate at the time of the spring (75.9 m asl), summer (76.1
m asl), autumn (76.7 m asl) and winter (76.0 m asl) surveys.

Flow data for the Patea River and Mangaehu River are presented in Appendix I, while the synthesised inflow
to Lake Rotorangi is shown in Figure 2. This synthetic flow is the flow entering the head of the lake (at
Mangamingi) and equates to flows from the Patea River and Mangaehu River catchments above
Mangamingi.
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Figure 2 Synthetic inflow at Lake Rotorangi for the period 1 July 2018 to 30 June 2019
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3 Results

3.1 General observations

Information recorded at each site on the four sampling occasions in 2018-2019 is summarised in Table 3.
This information is collected in conjunction with physicochemical sampling data as a component of the
monitoring programme. Lake conditions reflected the preceding river flow conditions referenced in
Section 2.1.

Table 3 Observations at Lake Rotorangi monitoring sites on each sampling date during 2018-2019

Surface . .
ey et | SOk ko ke denth o
Date Weather ~ Wind Temp axe parency) fransparency| sampiing
Appearance
Unit (NZST) (°C) (°C) (m) (m) (m)
Slightly turbid,
24 Overcast brown; surface
Oct | 0913 . ' Calm 14.4 17.7 ' ) 3.02 1.66 384
fine flat; no debris
2018
noted
Slightly turbid,
20 Scattered dark brown;
Feb | 0930 ) Calm 224 231 ' 432 2.99 384
cloud, fine surface flat; no
2019 .
L2 debris noted
19 . Clear, brown;
Mar = 0906 Cslzzt(;e;ieni erfethe 182 | 222 surfacerippled; 358 271 396
2019 ! no debris noted
Slightly turbid,
19 Jun Overcast, brown, surface
2019 1012 fine Calm 44 11.3 flat: no debris 2.19 1.68 38
noted
24 Overcast Slightly turbid,
Oct | 1103 fine ' Calm 16.3 174 | brown; no debris 421 24 51.5
2018 noted
20 Slightly turbid,
Feb | 1215  ocattered o light o, 5,5 darkbrown; 463 432 528
cloud, fine | breeze surface rippled;
2019 .
no debris noted
L3
19 Scattered Clear, brown;
Mar | 1103 cloud. fine Calm 243 225 surface rippled; 5.08 37 52
2019 ! no debris noted
Slightly turbid,
19 Jun . brown, surface
2019 1201 Fine Calm 11.8 119 flat: no debris 3.88 29 50.1

noted
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3.1.1 Thermal stratification
A summary of historical water temperature data is provided in Table 4.

Table 4  Statistical summary of surface water temperature data from June 1990 to June 2018

Location Parameter Unit Minimum Maximum Median N
L2 surface Temperature oC 9.6 23.9 17.2 110
L3 surface Temperature oC 9.5 24.6 17.9 110

The two lake sites (L2 and L3) continued to exhibit varying degrees of thermal stratification during the
monitoring period (Figure 3), typical of the majority of past years' stratification patterns. Temperatures
measured in the surface and bottom waters at each lake site during the period under review are compared
with historical monthly averages in Table 5.

Table 5 Surface and bottom waters temperatures at each Lake Rotorangi site during the period under

review
Sites L2 L3
Date Surface Bottom Surface Bottom
October 2018 17.7 (14.8) 9.4 (9.0) 17.4 (15.0) 9.1(8.7)
February 2019 23.1(21.9) 9.6 (9.6) 24.3 (22.1) 9.2 (94)
March 2019 22.2 (19.5) 9.6 (9.8) 22.5(19.8) 9.3 (9.6)
June 2019 11.3(11.2) 9.7 (9.5) 11.9 (11.3) 94 (9.5)

Note: () = average monthly temperature for period 1984 to mid-2018

Results from the 2018-2019 survey indicated surface water temperatures at both sites were within range of
historical measurements (Table 4). The temperatures recorded in February 2019 were within 0.3°C to 0.8°C of
the maximum temperatures, recorded in February 1994 at a similar time of day.

At site L2, temperatures recorded over 2018-2019 were within 0.1°C to 2.9°C of averages calculated for
individual sampling months. At site L3, temperatures were within 0.6°C to 2.7°C of individual monthly
averages.

Temperatures at the bottom of the water column recorded over 2018-2019 at both sites were 1.6°C to 2.5°C
lower than surface water temperatures in winter. In late summer, differences between bottom and surface
water temperatures increased to 13.5°C to 15.1°C. However, these temperatures were within 0.4°C of average
temperatures calculated for corresponding sampling months throughout most of the year. Bottom water
temperatures at both sites showed a narrow range of just 0.3°C due to minimal mixing throughout the year.
Surface water temperature ranges were much wider (11.8°C [L2] to 12.4°C [L3]).

Water temperature and dissolved oxygen profiles recorded on each sampling occasion during 2018-2019 at
each site are illustrated in Figure 3. Partial thermal stratification was recorded at sites L2 and L3 at the time
of the October 2018 survey, while both the February 2019 and March 2019 surveys illustrated more well-
established thermal stratification. The location of the thermocline during summer-autumn was between 5 m
and 9 m below the lake surface at site L2, and 5 to 8 m at site L3. By the June 2019 survey, the thermal
stratification had overturned, due to the cooling of epilimnetic waters and the occurrence of several
significant river freshes to Lake Rotorangi during the autumn and winter of 2019. However, strong dissolved
oxygen stratification remained at site L3 (see Section 3.1.2), a similar situation to that monitored in many
previous years.
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Figure 3 Temperature (°C) and dissolved oxygen (g/m?) profiles for sites L2 and L3, 2018-2019
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3.1.2 Dissolved oxygen stratification
A summary of historical dissolved oxygen data is provided in Table 6.

Table 6  Statistical summary of dissolved oxygen data from June 1990 to June 2018

Location Parameter Unit Minimum = Maximum  Median N
Dissolved oxygen g/m3 6.8 111 89 110
L2 surface
Dissolved oxygen saturation % 68 116 92 110
Dissolved oxygen g/m3 3.6 11.0 8.8 110
L3 surface
Dissolved oxygen saturation % 34 116 95 110

Table 7 Temporal changes in percentage dissolved oxygen saturation in surface and bottom waters at
each Lake Rotorangi site during the period under review

Sites L2 L3
Date Surface Bottom Surface Bottom
October 2018 105 (95) 7 (27) 97 (98) 15 (33)
February 2019 99 (99) 0(2) 103 (101) 1(7)
March 2019 112 (93) 04 111 (94) 0(7)
June 2019 79 (81) 0 (55) 70 (66) 0(13)
Note: () = average monthly saturation for period 1984 to mid-2018

Surface water percentage dissolved oxygen saturation levels were within past ranges at both sites during
the 2018-2019 monitoring year (Table 7). Levels varied in relation to average saturation levels recorded from
previous monitoring surveys for the four relevant months. Surface saturation levels were either within 3% of
total saturation, or were supersaturated, with the exception of the winter. Partial mixing of the more
saturated surface waters with the less saturated hypolimnetic water was recorded by June 2019, as indicated
by the decrease in percentage saturation to well below 100% saturation.

The oxygen saturation level in hypolimnetic water of Lake Rotorangi varied according to the degree of
stratification established at the time of sampling. Oxygen consumed by either biological or chemical
processes cannot be replaced due to thermal separation from the more oxygenated surface waters. This
causes oxygen depletion in the hypolimnion unless re-mixing occurs, either as a result of natural overturn
processes or as a result of flood events in the river inflow.

In the period under review, there were lengthy periods of dissolved oxygen reduction in the hypolimnion at
both sites L2 and L3 (Figure 3), although a lesser degree of oxygen stratification was recorded at site L3 in
October 2018. Strong dissolved oxygen stratification remained at both sites in the June 2019 survey, despite
both sites being isothermal at this time. These results are typical of those recorded in Lake Rotorangi in the
past 25 years.

During the late summer-autumn period, anoxic conditions (i.e. dissolved oxygen concentrations less than 0.5
g/m3) were recorded at depths below 25 m at site L2, and below 45 m at site L3. Some depletion was found
at site L2 in spring, below a depth of 30 m.

Data from both the temperature and dissolved oxygen profiles at sites L2 and L3 for each of the
February/March periods to date have been used to calculate the gross volumetric hypolimnetic oxygen
depletion rate (VHOD) and the area hypolimnetic oxygen depletion rate (AHOD) (Rutherford, 1982; Vant

56



Policy and Planning Committee - Lake Rotorangi SEM Annual Monitoring Report

13

1987). Due to destruction of stratification by extensive February 2004 flooding, these rates could not be
determined for the 2003-2004 period, and partial destruction by frequent freshes in March 2012 affected
calculations for the 2011-2012 period, particularly at site L2. Calculated VHOD results are presented in
Appendix II. However, due to a number of shortcomings in the calculation method, along with calculations
introduced due to the unique setting and nature of Lake Rotorangi, we do not provide an overall analysis of
the data or any trends.

The main shortcoming of the calculation method is that annual VHOD rates are calculated by regression.
Currently, the February and March sampling provide only two data points to form the basis of this
regression. Ideally a regression analysis should be carried out on a minimum of three data points.
Furthermore, the calculation of VHOD requires that data points be no further than a month apart. Therefore,
increased sampling effort during the stratified period would be required during the stratified period to
increase the reliability of the annual VHOD regression.

In addition to the drawbacks in the sampling and calculation methodologies, reservations about the
appropriateness of the VHOD method, given the nature of Lake Rotorangi, have been noted in previous
reports (eg. Taranaki Catchment Board, 1988 and 1989). In particular, Burns (1995) noted that the average
hypolimnion temperature in the lake often decreased over the duration of the stratified period, whereas in
most lakes the hypolimnion temperature increases over this period. The decreasing temperature means that
it is not possible to calculate the rate of re-oxygenation which occurs when the hypolimnion is warmed by
downward mixing of thermocline water. The observed drop in hypolimnion temperature may be due to the
inflow of cooler water into the top levels of the hypolimnion or be the result of the hypolimnetic withdrawal
of water for power generation, although the latter is relatively unlikely. Whatever the driving mechanism, the
observation of decreasing hypolimnion temperatures indicates that the water mass being monitored has
changed, and thus largely invalidates any reliable calculation of dissolved oxygen depletion rates.

Furthermore, it has been noted that dissolved oxygen values close to the lake bottom are often near zero in
February and March, invalidating the calculated oxygen depletion rates. Depletion rates should not be
calculated when oxygen concentrations drop below 2 g/m3, as rates become concentration-dependent
below this concentration (Burns 1995). While analysis of VHOD has continued in the past despite these
limitations, Burns (2006) noted that the calculated VHOD rates show high variability over the 1990-2006
period. This could be due to vertical turbulence (provided by wide ranges of inflows) given the reservoir-
type lake system. As a result, the calculated rates are unlikely to provide useful trend information (see
Figures in Appendix II).
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3.1.3 Secchi disc transparency/suspended solids

14

Summary statistics for Lake Rotorangi physical water quality data from 1990 to June 2018 is provided in

Table 8.

Table 8  Statistical summary of physical water quality data from 1990 to June 2018

Location

L2 Surface

L2 Epilimnion

L2 Hypolimnion

L3 Surface

L3 Epilimnion

L3 Hypolimnion

Notes: 1) Turbidimeter changed from Hach 2100A to Cyberscan WTW in June 2005, then to Hach 2100N in June 2018.
2) Conductivity units have changed from mS/m @ 20°C to pS/cm @ 25°C. Previously reported values have been

Parameter

Secchi disc transparency
Black disc transparency
Turbidity

Suspended solids
Conductivity @ 25°C
Turbidity

Suspended solids
Conductivity @ 25°C
Turbidity

Suspended solids
Conductivity @ 25°C
Secchi disc transparency
Black disc transparency
Turbidity

Suspended solids
Conductivity @ 25°C
Turbidity

Suspended solids
Conductivity @ 25°C
Turbidity

Suspended solids
Conductivity @ 25°C

Unit
m
m

NTU

g/m
uS/cm

NTU

g/m?
uS/cm

NTU

g/m?
uS/cm

NTU
g/m?
uS/cm

NTU
g/m?
uS/cm

NTU
g/m?
uS/cm

Minimum
0.09
0.09

0.4
<2
59
0.6
<2
58
1.6
<2
64
0.12
0.12
04
<2
68
04
<2
68
0.7
<2
68

Maximum

5.23
450
240
170
165
250
180
160
510
340
149
7.0
5.25
250
170
167
250
170
165
780
500
136

converted to the new standard unit, resulting in an approximately 11-fold increase.

Median

2.72
1.82
17
2
119
2.3

120
54

118
312
26
13
<2
116
16

117
32
<2
112

110
103
96
103
90
101
107
105
103
109
107
110
95
99
104
94
101
109
105
103
111
107

Data recorded from both sites during the 2018-2019 year (Table 9) were within previously recorded ranges.

Suspended solids remained below the detection limit for the entire period under review. It should be noted

that a change in laboratory provider in June 2018 increased the suspended solids detection limit from <2
g/m3 to <3 g/m3, and that median historical suspended solids for all sites are lower than the new detection

limit.
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Table 9  Physical water quality monitoring data for the two Lake Rotorangi sites in the 2018-2019 period

Sites L2 L3

Date Parameter Unit S E H S E H

Secchi disc m 3.02 - - 421 - -

Black disc m 1.66 - - 240 - -

2240(1)? Turbidity NTU 1.05 1.23 27 1.00 1.09 33
Suspended solids g/m? <3 <3 <3 <3 <3 <3
Conductivity @ 25°C pS/cm 138 138 113 134 134 105

Secchi disc m 432 - - 4.63 - -

Black disc m 2.99 - - 432 - -
ZSOI;egb Turbidity NTU 152 1.04 24 0.54 0.69 183
Suspended solids g/m? <3 <3 <3 <3 <3 <3
Conductivity @ 25°C pS/cm 155 154 121 132 132 108

Secchi disc m 3.58 - - 5.08 - -

Black disc m 271 - - 3.70 - -
130"1/';r Turbidity NTU 0.69 1.88 22 0.66 0.93 132
Suspended solids g/m? <3 <3 <3 <3 <3 <3
Conductivity @ 25°C pS/cm 164 180 123 140 142 109

Secchi disc m 219 - - 3.88 - -

Black disc m 1.68 - - 2.90 - -
13;{3” Turbidity NTU 2.8 23 8.9 143 1.28 1.24
Suspended solids g/m? <3 <3 <3 <3 <3 <3
Conductivity @ 25°C pS/cm 111 111 126 130 129 110

Note: [Sites: S = surface; E = epilimnion; H = hypolimnion]

Secchi disc measurements (an estimate of vertical water clarity) in 2018-2019 were greater than median
values, with the exception of those recorded in June 2019. Surface turbidities showed the same pattern,
reflecting the proximity to a fresh as baseflow was not reached prior to the June 2019 survey (Figure 2).
Turbidity was also below median in the epilimnion and hypolimnion thoughout the year, except at site L2 in
the June 2019 survey. Secchi disc and conductivity recorded a narrower range at site L3 than at L2 during
the period under review.

Black disc measurements (Table 3) provide an estimate of horizontal water clarity. Black disc observations in
conjunction with vertical (Secchi disc) readings provide information on the penetration of diffuse light into
water. A correlation between Secchi disc and black disc transparencies has been prepared for both of the
sampling sites (Figure 4). This indicates that a direct relationship exists between the two transparency
readings, as might be expected, and that while in general Secchi disc (vertical) clarity has been slightly
greater than black disc (horizontal) clarity at both sites (by a ratio of about 1.2:1), the two transparencies’
values are more similar further down the lake, i.e. where the river influence is less pronounced.
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Figure 4 Relationship between Secchi and black disc transparency at each sampling site

These trends have continued to be recorded during the most recent monitoring period under a moderate
range of clarities.

3.1.4 Biological productivity

Primary productivity is indicated by chlorophyll-a concentrations (Pridmore, 1987). The summary statistics
for chlorophyll-a data collected between 1990 and June 2018 are provided in Table 10, while results from
the 2018-19 monitoring programme are presented in Table 11.

Table 10 Statistical summary of chlorophyll-a data from 1990 to June 2018

Location Parameter Unit Minimum Maximum Median Mean N
L2 photic zone Chlorophyll-a mg/m3 <10 139 2.8 33 109
L3 photic zone Chlorophyll-a mg/m3 <1.0 134 23 34 109
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A change in laboratory provider in June 2018 has resulted in increased variability in the detection limit for
the (same) chlorophyll-a analysis. Since this time, the detection limit has increased from <1 mg/m?, to <3
mg/m?3 and <5 mg/m? for two samples, and has also decreased from <1 mg/m? for one sample.

Table 11 Chlorophyll-a concentrations (mg/m?3) (including historical monthly means) for the Lake Rotorangi

sites
Sites
Month L2 L3
Mean Result Mean Result

(1984-2018) 2018-19 (1984-2018) 2018-19
October 35 35 42 2.8
February 37 37 31 2.6
March 41 238 44 30
June 18 11 15 0.9
Annual Range: 2018-2019 - 11-37 - 0.9-3.0
Historical Range: 1984-2018 - <1-13.9 - <1-15

All chlorophyll-a concentrations measured at the two sites during the 2018-2019 period were within past
ranges (Table 10) found by surveys since 1990. The concentrations during the period under review were
lower than or equal to historical seasonal means (Table 11). Recorded concentrations were higher than
historical medians except in the winter survey.

Maximum lake chlorophyll-a concentrations have tended to be measured during late summer or autumn at
sites L2 and L3. Over the 2018-2019 period, the highest concentrations were found in the photic zone of the
mid lake (L2) in summer and in the lower lake (L3) in autumn. All measured concentrations were within
previous ranges recorded since 1984 (Table 11). The maximum chlorophyll-a concentration of 3.7 mg/m?
was measured at site L2 during the late summer period and was only 0.7 mg/m? higher than the
concentration found at site L3 in autumn.

In terms of broad guidelines listed in Pridmore (1987) for maximum and annual mean chlorophyll-a
concentrations, the lake would continue to be most likely categorised as mesotrophic. This categorisation is
consistent with the conclusions of Burns (1995, 1999, and 2006). However, these guidelines should be used
with caution due to the variability of the sample monitoring particularly in earlier years and the riverine
nature of this lake. It should also be emphasised that chlorophyll-a measurements are only partial
indications of trophic state. Determination of trophic condition requires examinations of a number of
diverse criteria, particularly nutrients, clarity, and chlorophyll-a (see Burns, 1999, Burns, 2006 and

Appendix II).

3.14.1 Nutrients

A summary of historical nutrients data is provided in Table 12, with water quality data relating to nutrient
species, measured during the monitoring period, summarised for each site in Table 13 to Table 16. The
results are discussed in relation to the epilimnion and hypolimnion of the lake.
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Table 12 Statistical summary of nutrients data from 1990 to June 2018

Site

L2 Epilimnion

L2
Hypolimnion

L3 Epilimnion

L3
Hypolimnion

Parameter

Dissolved reactive phosphorus
Total phosphorus

Ammonia nitrogen

Nitrite

Nitrate

Total Kjeldahl nitrogen

Total nitrogen

pH

Dissolved reactive phosphorus
Total phosphorus

Ammonia nitrogen

Nitrite

Nitrate

Total Kjeldahl nitrogen

Total nitrogen

pH

Dissolved reactive phosphorus
Total phosphorus

Ammonia nitrogen

Nitrite

Nitrate

Total Kjeldahl nitrogen

Total nitrogen

pH

Dissolved reactive phosphorus
Total phosphorus

Ammonia nitrogen

Nitrite

Nitrate

Total Kjeldahl nitrogen

Total nitrogen

pH

18

Unit

g/m3P
g/m3P
g/m3N
g/m3N
g/m3N
g/m3N
g/m3N

g/m3P
g/m3P
g/m3N
g/m3N
g/m3N
g/m3N
g/m3N

g/m3P
g/m3P
g/m3N
g/m3N
g/m3N
g/m3N
g/m3N

g/m3P
g/m3P
g/m3N
g/m3N
g/m3N
g/m3N
g/m3N
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Minimum  Maximum

<0.003
0.006
<0.003
<0.001
0.006
<0.01
0.15
6.8
<0.003
0.008
<0.003
<0.001
0.02
<0.01
0.45
6.5
<0.003
0.004
<0.003
<0.001
<0.01
<0.01
0.18
6.6
<0.003
0.005
<0.003
<0.001
0.05
<0.01
0.30
6.5

0.018
0.27
0.37

0.021
0.99
1.20
1.65

8.6

0.029
0.46
0.44

0.022
0.92
0.99
172

74

0.023
0.33

0.183

0.020
0.83
115

8.7
0.026
0.67
0.34
0.020
1.00
1.63
2.2
7.2

Median

0.005
0.024
0.020
0.007
0.34
0.26
0.62
7.5
0.008
0.022
0.071
0.008
0.51
0.27
0.78
6.9
0.004
0.019
0.011
0.005
0.35
0.25
0.61
7.6
0.006
0.017
0.005
0.001
0.58
0.16
0.73
6.8

No. of
samples

109
109
109
99
101
106
105
101
108
109
109
99
103
108
108
102
104
109
109
99
101
105
105
101
109
109
109
99
103
108
108
103
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Table 13 Nutrient water quality monitoring data for Lake Rotorangi site L2: Epilimnion (2018-2019)

Parameter

Sample depth

Dissolved reactive
phosphorus

Total phosphorus
Ammonia-N
Nitrite

Nitrate

TKN

Total nitrogen

pH

Unit
m
g/m3P

g/m3P
g/m3N
g/m3N
g/m3N
g/m3N
g/m3N
pH

24 Oct 2019 20 Feb 2019
18 45
0.002 0.001
0.040 0.029
0.007 <0.005
0.005 0.003
0.37 0.025
0.26 0.26
0.63 0.29
7.8 8.0

Date

19 Mar 2019

7.5

0.002

0.020
0.067
0.006
0.112
0.29
041
7.3

19 Jun 2019

5.5

0.006

0.024
0.022
0.009
0.62
0.17
0.80
7.2

Table 14 Nutrient water quality monitoring data for Lake Rotorangi site L2: Hypolimnion (2018-2019)

Parameter

Sample depth

Dissolved reactive
phosphorus

Total phosphorus
Ammonia-N
Nitrite

Nitrate

TKN

Total nitrogen

pH

Unit

m
g/m3P

g/m?3P
g/m3N
g/m3N
g/m3N
g/m3N
g/m3N
pH

24 Oct 2019 20 Feb 2019
17 25
0.006 0.004
0.022 0.016
<0.005 0.073
0.002 0.003
0.66 0.49
0.19 0.26
0.86 0.75
71 6.9

Date

19 Mar 2019

25

0.004

0.015
0.0067
0.001
0.48
0.20
0.68
7.0

19 Jun 2019
32

0.003

0.014
0.20
0.002
0.22
0.31
0.53
7.0

Table 15 Nutrient water quality monitoring data for Lake Rotorangi site L3: Epilimnion (2018-2019)

Parameter

Sample depth

Dissolved reactive
phosphorus

Total phosphorus

Ammonia-N

Unit

g/m?3P

g/m3P
g/m3N

24 Oct 2019 20 Feb 2019
18 45
<0.001 0.002
0.022 0.009
0.006 0.007

63

Date

19 Mar 2019

54

0.001

0.011
0.018

19 Jun 2019

7.2

0.005

0.018
<0.005
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Date
Parameter
Unit 24 Oct 2019 20 Feb 2019 19 Mar 2019 19 Jun 2019
Nitrite g/m3N 0.005 0.003 0.002 0.009
Nitrate g/m3N 0.48 0.069 0.104 0.60
TKN g/m3N 0.27 0.27 0.22 0.14
Total nitrogen g/m3N 0.75 0.34 033 0.74
pH pH 7.9 7.8 74 73

Table 16 Nutrient water quality monitoring data for Lake Rotorangi site L3: Hypolimnion (2018-2019)

Date
Parameter
Unit 24 Oct 2019 20 Feb 2019 19 Mar 2019 19 Jun 2019

Sample depth m 30 32 33 32
E:g;’;‘;‘;‘::seamve g/m3p 0.005 0.003 0.002 0.002
Total phosphorus g/m3P 0.018 0.010 0.009 0.008
Ammonia-N g/m3N <0.005 <0.005 <0.005 <0.005
Nitrite g/m3N <0.001 <0.001 <0.001 <0.001
Nitrate g/m3N 0.66 0.60 0.62 0.55
TKN g/m3N 0.15 0.13 0.13 0.14
Total nitrogen g/m3N 0.80 0.73 0.75 0.70
pH pH 7.0 6.9 6.9 7.0

3.1.4.2 Epilimnion

The nutrient concentrations of the epilimnetic waters of the main lake were again characterised by relatively
low levels of available plant nutrients (Table 13 and Table 15) on the majority of the monitoring occasions.
In general, the lowest concentrations of nutrients, such as TN and TP, were coincident with times when the
lake waters were strongly stratified (e.g. summer and autumn). Concentrations of all nutrients were within
previously recorded ranges. Total phosphorus concentrations have varied in the past in association with
temporal and spatial fluctuations in suspended solids concentrations. These variations were not apparent in
the period under review, where suspended solids remained low throughout that lake.

In most previous monitoring years, there was a significant reduction in the readily available nutrient species
(particularly nitrate-N) with lake stratification in late summer and autumn at sites L2 and L3, attributable to a
possible increase in biological activity e.g. uptake by phytoplankton. During the period under review,
ammonia-N and nitrate-N did not follow this pattern, with concentrations being the highest in autumn.
Consistent with this, pH levels were slightly elevated in spring and late summer (7.8 to 8.0), but decreased in
autumn. Elevated pH levels would often occur in conjunction with a small increase in dissolved oxygen, due
to increased phytoplankton photosynthetic activity.

One possible explanation for this atypical result is a river fresh which occurred just prior to the March 2019
sampling. This may have caused the pH to be lowered while simultaneously increasing the concentrations of
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certain nutrients. Chlorophyll-a concentrations indicated that this fresh did not cause a significant change in
phytoplankton productivity. This is consistent with dissolved oxygen concentrations (Table 7), which were
highest in autumn (111 to 112% at both sites). This supersaturation indicates that phytoplankton
photosynthetic activity was not significantly affected by this fresh.

3.1.4.3 Hypolimnion

The onset of anoxic conditions in the hypolimnetic waters at site L2 during stratification resulted in
increased ammonia-N levels between February and June 2019 (Table 14). At site L3, complete anoxia in the
hypolimnion was not recorded and ammonia-N levels remained low during the period under review

(Table 16). The pH level in the hypolimion was consistently close to neutral (6.9 to 7.1 pH units) and was
often significantly lower (by up to 1.1 pH units) than the pH of the epilimnion. These differences in pH are
typical particularly during periods of stratification. As is typical, pH levels in the epilmnion and hypolimnion
were more similar in winter when the lake was mixed.

The lengthy period of partial to complete stratification at sites L2 and L3 contributed to the variability in
nutrient concentrations. The total phosphorus levels at sites L2 and L3 showed some variability in relation to
changes in turbidity, particularly at site L2 in spring 2018, caused by suspended sediment settling through
the hypolimnetic waters.

3.1.4.4 Bottom of hypolimnion

In an addendum to the Burns (1995) report it was noted that dissolved oxygen concentrations close to the
lake bottom were often near zero in February and March each year. Burns recommended that on these
occasions additional samples should be collected from near the lake bottom (at sites L2 and L3) in order to
determine whether this anoxia had caused the redox potential at the sediment-water interface to drop to a
point whereby dissolved reactive phosphorus and/or ammonia had been released from the sediment.

Samples for this purpose have been collected at sites L2 and L3 in February and March of each monitoring
year since 1996 during anoxic conditions at site L2 and usually approaching anoxia at site L3. A summary of
historical data is provided in Table 17.
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Table 17 Statistical summary of nutrients and related data during late summer-autumn in the lower hypolimnion in relation to comparative hypolimnetic data at sites
L2 and L3 from 1996 to June 2018

" Location Lower hypolimnion (near bed) Hypolimnion
Parameter Unit N Minimum Maximum Median N Minimum Maximum Median

Dissolved reactive phosphorus g/m3P | 44 <0.003 0.040 0.007 44 <0.003 0.017 0.008
Total phosphorus g/m3P | 44 0.012 0.28 0.023 44 0.008 0.220 0.020
Ammonia nitrogen g/m3N | 44 0.015 0.62 0.143 44 <0.003 0.297 0.106
Nitrate + nitrite g/m3N | 39 <0.01 0.75 043 41 0.02 0.72 047

. Temperature °C 44 8.1 143 9.5 44 81 14.4 9.7
Turbidity NTU 44 24 310 9.0 44 1.6 230 3.7
Dissolved oxygen g/m3 44 0.0 6.4 01 44 0.0 7.6 01
pH 35 6.5 7.0 6.7 44 6.5 7.3 6.8
Dissolved reactive phosphorus g/m3P | 43 <0.003 0.032 0.007 43 <0.003 0.024 0.006
Total phosphorus g/m3P | 43 0.008 0.298 0.020 43 0.006 0.082 0.017
Ammonia nitrogen g/m3N | 43 <0.003 0.111 0.006 43 <0.003 0.064 0.005
Nitrate + nitrite g/m3N | 39 0.12 0.77 0.58 43 0.17 0.78 0.61

. Temperature °C 43 74 14.7 9.2 43 77 15.6 9.3
Turbidity NTU 42 0.7 140 6.2 43 0.7 65 18
Dissolved oxygen g/m?® | 43 0.0 35 0.7 43 0.0 4.8 17
pH 33 6.6 7.0 6.7 43 6.6 71 6.8
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Historical median data (1996-2018) indicate that the general trend at both sites (L2 and L3) has been a small
increase in ammoniacal nitrogen and very small decrease in nitrate N in the hypolimnetic anoxic zone near
the sediment interface compared to the hypolimnetic water column. There has been no significant change
in phosphorus species at site L2 but some increase at site L3, for total phosphorus, noting that a more
marked increase in turbidity has been typical at this site nearer the sediment interface.

The nutrient analytical results from sampling in February and March 2019, are summarised in Table 18 and
may be compared with results of samples collected from higher up the water column within the
hypolimnion on the same occasion (Table 14 and Table 16).

Table 18 Nutrient water quality monitoring data for Lake Rotorangi sites L2 and L3: lower hypolimnion
(above the lake bed) in the 2018-2019 period

Site L2 L3
Parameter Unit 20 Feb 2019 19 Mar 2019 20 Feb 2019 19 Mar 2019

Sample depth m 36 39 50 50
Dissolved reactive phosphorus g/m3P 0.004 0.004 0.004 0.004
Total phosphorus g/m3P 0.024 0.029 0.013 0.010
Ammonia-N g/m3N 0.22 0.25 <0.005 <0.005
Nitrate + nitrite-N g/m3N 0.36 0.26 0.57 0.53
[Dissolved oxygen] g/m3 [0] [0] [0.5] [
[Turbidity] NTU [15.3] [16.8] [2.6] [2.6]
[pH] [7.0] [6.9] [6.9] [7.0]
[Total BODs] g/m3 - - - -

[1 = additional parameters N/S = not able to sample

During the summer stratification period anoxic conditions were present in the lower hypolimnion at site L2
but not at site L3 (see Figure 3). Both sites showed no significant increases in dissolved reactive phosphorus
in the lower hypolimnetic waters near the sediment interface (Table 18) compared with higher in the water
column of the hypolimnion (Table 14 and Table 16), but an increase in total phosphorus was observed at
site L2 in February and March 2019 when there was an increase in turbidity. Increases in ammonia nitrogen
(0.22 and 0.25 g/m°N) at site L2 were coincident with reducing conditions deep in the anoxic zone on both
survey occasions but there were no increases in ammonia nitrogen at site L3.

Differences in nutrient species between the deeper hypolimnetic waters and waters higher in the
hypolimnion were slightly more marked at site L2 during late summer and autumn when more widespread
anoxia was recorded. However all nutrient concentrations measured near the lake bed at sites L2 and L3
(Table 18) were within the ranges of historical data (Table 17) measured during summer-autumn anoxic and
near anoxic conditions. Ammonia-N was present above median values under anoxic conditions at site L2.

Burns (2006) concluded that DRP and ammonia-N levels indicated a relative lack of nutrient release under
anoxic conditions, consistent with lakebed sediment not yet contaminated with high nutrient levels.

Monitoring of the waters of the lower hypolimnion at sites L2 and L3 will be continued during February and
March surveys as a component of the long-term monitoring programme.

3.14.5 General

Nutrient data surveyed during the period under review were within ranges recorded since 1990 for all sites.
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Nutrient data gathered over the 1990 to 2006 period have been analysed by a consultant (Burns, 2006) and
by TRC for the 1990-2018 period (Appendix II), and indicate for the lacustrine (lake-like) sites L2 and L3, that
total nitrogen (TKN plus nitrate) availability is surplus to phytoplankton requirements and that phosphorus
is the growth-limiting nutrient. Phosphorus is reduced more than nitrogen by phytoplankton uptake and
sedimentation while nitrates in the lake remain high. While TP and TN nutrients have shown non-significant
temporal increases over the twenty-seven year period, a more significant temporal increase in nitrate-N is
consistent with a very slow rate of increase in trophic level (Burns, 2006 and Appendix II).

3.14.6 Bacteriological surface water quality

The Council undertakes an extensive freshwater contact recreational bacteriological state of the
environment monitoring programme at various bathing sites over summer months (see TRC, 2019). In
recognition of the recreational uses of Lake Rotorangi (mainly boating and water-skiing at site L2, but also
at site L3), bacteriological surface water quality sampling are undertaken at both sites on each survey
occasion. These results are presented in Table 19 and Table 20.

Table 19 Bacteriological quality monitoring data for Lake Rotorangi site L2: surface water (2018-2019)

Site Date
Parameter Unit 24 Oct 2019 20 Feb 2019 19 Mar 2019 19 Jun 2019
Time NZST 0913 0930 0906 1012
Temperature °C 17.7 231 222 113
Turbidity NTU 1.05 1.52 0.69 2.8
E.coli /100 mL 2 3 10 23

Table 20 Bacteriological water quality monitoring data for Lake Rotorangi site L3: Surface (2018-2019)

Site Date
Parameter Unit 24 Oct 2019 20 Feb 2019 19 Mar 2019 19 Jun 2019
Time NZST 1103 1215 1103 1201
Temperature °C 174 243 225 119
Turbidity NTU 1.00 0.54 0.66 143
E.coli /100 mL 3 <1 2 3

Bacteriological water quality was well within the guidelines for contact recreation (MfE, 2003) at both sites
on all sampling occasions. Sparse birdlife has been noted on the water in the vicinity of sites L2 and L3 in
previous surveys and, although minimal recreational usage was recorded on sampling occasions, boating
and water-skiing are popular activities at site L2 in particular and swimming also occurs at site L3.

3.2 Biological monitoring

3.2.1 Methods

During the 2018-2019 monitoring periods the biological monitoring of Lake Rotorangi involving the
Regional Council included monitoring of the lake phytoplankton communities

Phytoplankton (open-water algae) sub-samples were taken from the chlorophyll-a samples collected from
the photic zone at each of the two lake sites in October 2018, and February, March and June 2019. The
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phytoplankton samples were preserved with Lugol's iodine solution and all samples were later identified
under a compound microscope using up to 400 x magnification.

The macrophyte survey is next due in April 2021, and was performed last in April 2018, when both banks
were visually surveyed from a boat. The dominant species was recorded, with the presence of other species
noted and mapped.

Benthic macroinvertebrate samples were collected by Ekman dredge from the lakebed at sites L2 and L3 in
conjunction with the survey of October 2017, as a long-term component of the monitoring programme.
These samples were run through a 0.5 mm sieve, before being sorted and identified under a stereoscopic
microscope. This is next due in October 2020.

3.2.2 Results

3.2.2.1 Lake phytoplankton communities

Phytoplankton samples were collected from Lake Rotorangi on 24 October 2018, and 20 February, 19 March
and 19 June 2019. These samples were taken from within the photic zone (surface waters) of sites L2 and L3.
Table 21 and Table 22 list the phytoplankton taxa found at each site. Taxa data from previous years are
listed in previous Annual Reports, but particularly in TRC, 2009.
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32211 Sitel2

Site L2 in the central reaches of the lake has generally supported more lake-like algal communities than
previously found at site L1 (see TRC, 2009).

Table 21 Phytoplankton found at site L2 in Lake Rotorangi during the 2018-2019 period

Date 24 Oct 2018 20 Feb 2019 19 Mar 2019 19 Jun 2019

GREEN ALGAE

Unidentified (unicellular) p p
Unidentified colonies p p p
Closterium p
Cosmarium ] p
Chlorella p
Oocystis p
Staurastrum =] p p
Kirchneriella p
Dictyosphaerium p
Micractinium p
Golenkinia P
Scenedesmus P
Mougeotia p
CYANOBACTERIA
Dolichospermum? P p
DIATOMS
Synedra A
Navicula p
Fragilaria p p
GOLDEN BROWNS
Mallomonas p p p
Dinobryon A p
DINOFLAGELLATES
Peridinium >
EUGLENOIDS
Trachelomonas P [ > p
CRYPTOPHYTES
Cryptomonas A > P
TOTAL 1 15 8 14
P — Present
A - Abundant

1 - formerly Anabaena
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Figure 5 Number of phytoplankton taxa recorded at site L2 in Lake Rotorangi since monitoring began in
1989

Moderate to high numbers of taxa (1 to 15) were recorded at site L2 during the period under review. With
the exception of the spring 2018 sample, taxa richness was substantially higher than the median richness of
4 taxa. Chlorophyll-a concentrations ranged from 1.1-3.7 mg/m? (Table 11), congruent with taxa being
recorded as abundant on only one sampling occasion. The three taxa recorded as abundant were the
diatom Synedra, the cryophyte Cryptomonas and the golden brown alga Dinobryon.

A total of 22 taxa were recorded at this site throughout the year, and one taxon (the euglinoid
Trachelomonas) was present on all four sampling occasions, while four taxa were present on three of the
four sampling occasions (Cryptomonas, the golden brown alga Mallomonas, the green alga Staurastrum and
unidentified colonial green algae).
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32212 Sitel3

Moderate to high taxa richness was found at L3 during the period under review. As was the case at site L2,
taxa richness was substantially higher than the median richness of 4 taxa except in spring 2018. Chlorophyll-
a concentrations ranged from 0.9- 3.0 mg/m? (Table 11).

Table 22 Phytoplankton found at site L3 in Lake Rotorangi during the 2018-2019 period

Date 24 Oct 2018 20 Feb 2019 19 Mar 2019 19 Jun 2019

GREEN ALGAE

Unidentified (unicellular) P p
Unidentified colonies P P P
Cosmarium p P p
Chlorella p )
Oocystis p p
Staurastrum P P p
Coelastrum p p
Micractinium A p
Eudorina p
Elakatothrix p P
CYANOBACTERIA
Dolichospermum? P
DIATOMS
Asterionella A
Synedra p p
Aulacoseria P
Fragilaria P A p
GOLDEN BROWNS
Mallomonas p p p
Dinobryon p p
DINOFLAGELLATES
Peridinium p
EUGLENOIDS
Trachelomonas P P 2}
CRYPTOPHYTES
Cryptomonas A A [
TOTAL 2 15 15 10
P — Present
A - Abundant

1 - Formerly Anabaena
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Figure 6 Number of phytoplankton taxa recorded at site L3 in Lake Rotorangi since monitoring began in
1989

A total of 20 taxa were recorded during the period under review, with up to 15 taxa present on any one
sampling occasion. Abundant taxa were recorded on two occasions, with the cryophyte Cryptomonas being
abundant in both late summer and autumn. The diatom Asterionella was also abundant in late summer,
while the diatom Fragilaria and the green alga Microactinium were abundant in autumn. Seven taxa were
present on three of the four sampling occasions during the year.

32213 General comments
Phytoplankton density limiting factors include:

¢ limited nutrient levels in the lake;

e the settling of algal cells within the dark hypolimnetic waters;

o flood events reducing the clarity of surface waters and flushing surface waters along the length of the
lake;

e the limited and variable retention time of water in the lake;

e grazing of phytoplankton by zooplankton (primarily microscopic crustacea); and

e cooler winter temperatures.

The absence of significant blooms of algae to date has indicated that one or more of these limiting factors
have prevented algal population increases from continuing for long periods of time. Phytoplankton survey
results to date indicate that the open-water algal community composition of Lake Rotorangi is determined
by the ability of opportunist taxa to proliferate during the very limited periods of favourable conditions (e.g.
late summer/autumn). Phytoplankton provides the food source for the microscopic crustacea in the open
water (the major component of zooplankton). Such zooplankton taxa as cladocerans Daphnia and
Ceriodaphnia have been recorded in highly variable densities in Lake Rotorangi in past years. Large numbers
of these cladocerans have been recorded in the stomachs of perch (Perca fluviatilis) taken from Lake
Rotorangi. Some of the algal taxa recorded in the lake phytoplankton are likely to have drifted downstream
from the discharge from the Stratford oxidation pond system (where extensive algal populations are a
feature of the biological treatment system), and from the mid-reaches of the Patea River. [Note: A major
upgrade to the Stratford wastewater treatment plant in 2009 has been designed to reduce the algal
population component of the effluent discharge to the river downstream of Stratford (TRC, 2018a)].
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In summary, taxa richness was much higher than usual in Lake Rotorangi from late summer to winter 2019,
with both sites recording up to 11 taxa more than the running median for the respective sites. Despite this
higher than usual diversity, chlorophyll-a concentrations were within a relatively low range. This indicates
that although there was increased diversity, there were not particularly high abundances of the taxa present.
There were also some differences in the phytoplankton communities between sites L2 and L3, with 12 of a
total 27 taxa recorded in the lake during the year present at only one site.

3.2.2.2 Benthic macroinvertebrate fauna

A review of the monitoring undertaken by Council staff in late 1991 in conjunction with Dr V M Stout
(Department of Zoology, University of Canterbury), indicated that an important additional parameter
(benthic macroinvertebrate presence/absence information) should be included as a long term lake status
indicator. Sampling from the lake bed (at the deeper sites L2 and L3) was recommended once annually in
late winter/spring prior to lake stratification (and the chironomid hatching period).

Generally, the limited information gathered on the macro-benthos of New Zealand lakes indicates that lakes
are rather poor in terms of numbers of species, with the main groups found including annelid worms,
chironomid midges, ceratopogonid flies and molluscans (Forsyth, 1975 and 1977).

The initial sampling of the lake bed at the deeper sites (L2 and L3) was undertaken in October 1992 with
samples collected at similar times over subsequent years until the October 2013 survey using an Ekman
dredge. Following the October 2013 survey, the frequency of monitoring was reduced to triennial sampling.
The October 2017 survey was the first survey at the reduced frequency. Macroinvertebrate sampling was not
undertaken during the period under review and will next be undertaken in October 2020.

The results of the October 2017 survey are reported in the 2016-2018 Lake Rotorangi water quality and
biological monitoring report (TRC 2018).

In general, the paucity and lack of diversity of the fauna continues to be indicative of low dissolved oxygen
levels, consistent with the often lengthy periods of anoxic conditions during lake stratification common to
these deeper sites.

3.2.2.3 Aquatic macrophyte survey

The latest survey of the aquatic macrophytes in Lake Rotorangi was performed on 15 April 2018. Surveys are
now undertaken as a requirement of consent 0489-2, which requires that surveys be undertaken every three
years (commencing in 2012). This survey was not undertaken during the period under review and will next
be undertaken in autumn 2021.

The results of the April 2018 macrophyte survey are reported in the 2016-2018 Lake Rotorangi water quality
and biological monitoring report (TRC 2018).
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4 Conclusions

4.1 Discussion of 2018-2019 programme

4.1.1 Water quality

Pre-stratification, two summer stratification, and post-stratification (winter) sampling surveys were
performed during each monitoring period at times dictated by requirements for trend detection purposes.

The annual cycle of stratification was recorded in the mid and lower lake during the summer-autumn period
in 2018-2019 with anoxic hypolimnetic water recorded at site L2 and oxygen depleted hypolimnetic water
recorded at site L3. Normal lake overturn was complete at site L2 but only partially complete at site L3 in
mid-winter. These conditions generally were similar to those recorded during the majority of the previous
monitoring years and are a particular feature of the lower lake site. Complete re-oxygenation of the water
column due to further mixing at site L3 might have been anticipated later in winter (as had been the
situation recorded in August 2008 and found in July 2012 and July 2013 from readings taken through the
water column at the log boom as a part of the Patea Hydro Electric Power Scheme - aquatic monitoring
plan), although spring 2013 records at site L3 suggest that mixing may never be complete nearer the lake
bed.

Primary productivity measurements (chlorophyll-a) continued to indicate that predicted eutrophic lake
conditions have not eventuated. The lake biologically continues to exhibit mesotrophic bordering on
eutrophic conditions as confirmed by a NIWA consultant's report (Burns, 1995) commissioned during the
1995-1996 period and subsequent follow-up reports (Burns, 1999; Burns et al, 2000 and Burns, 2006) and
the most recent trend evaluation for the period 1990 to 2018 (Appendix II) which was carried out by the
Council. However, relatively high turbidity levels (caused by riverine derived fine silt) from time to time have
increased total phosphorus and nitrogen levels and lowered secchi disc values, indicative of a trend toward
slightly eutrophic conditions (Burns, 2006). Nutrient supply has been limited principally to those quantities
present in the river inflow waters. Despite low dissolved oxygen concentrations and periods of anoxic
conditions in the lower waters of the hypolimnion, minimal increases in nutrient concentrations in these
waters (usually due to the increased solubility of nutrients from sediments and decomposing vegetation
under reducing conditions), have been recorded, with the main variations relating to relatively small
increases in ammonia levels measured during this period with minor changes in total phosphorus levels
(usually coincident with increased turbidity due to fine sediment).

Variability in levels of turbidity and suspended solids concentrations at the times of the four survey in 2018-
2019 were related to the temporal proximity to river freshes. Secchi disc transparencies and turbidity were
generally similar or respectively higher and lower than historical median values, indicating that the freshes
prior to sampling were of relatively small magnitude. As has been noted in the past, lake surface water
suspended solids concentrations generally were not excessive at mid and lower lake sites and were due to
the finer colloidal material which remained suspended and would be expected to be carried through the
lake.

The calculation of VHOD has a number of shortfalls and inaccuracies in the calculation method. Further, the
nature of Lake Rotorangi and the variability in the VHOD rates means that the value of this parameter is of
guestionable value for trend detection purposes. The limitations of this parameter are discussed more fully
in Section 3.1.2. Increased sampling effort would be required to improve the annual VHOD calculation, but
would not address many of the shortcomings of this parameter. It is therefore recommended that the
calculation of VHOD is removed as a component of the Lake Rotorangi physicochemical and biological
water quality monitoring programme. It should be noted that the temperature and dissolved oxygen
profiles of the lake will continue to be collected. This will allow VHOD rates to be calculated in future should
inadequacies with the calculation methodology be addressed.
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The most recent lake water quality trend analysis, performed by the Council for the 28 year period 1990-
2018 (see Appendix II) has continued to support the findings and conclusions of Burns, 2006. i.e. that the
trophic level continues to increase at a very small, insignificant annual rate of change (currently 0.02 + 0.01
TLI units per year). However, given the tendency for the reservoir water to contain elevated (fine) silt levels,
which artificially elevate the trophic index, the trophic category is more appropriately mesotrophic. This is
further confirmed by mesotrophic chlorophyll-a level. The analysis also notes significant increase in the
average concentration of chlorophyll-a and total phosphorus, but not the other key variables (secchi disc
visibility and total nitrogen). The other variable showing a significant temporal trend was nitrate, which is
increasing.

4.1.2 Biology

No phytoplankton blooms were recorded in Lake Rotorangi. The lake has been unable to sustain significant
abundances of planktonic algae for long due to the frequency of river freshes. Low to moderate numbers of
algal taxa were recorded, partly as a result of the frequency of river freshes through the system. Several of
the taxa that have been found to date probably originated from the Stratford oxidation pond wastewater
treatment system discharge (where extensive algal populations have been a feature of the biological
treatment system) and from the mid reaches of the Patea River. Phytoplankton results to date indicate that
lake phytoplankton community composition is determined by opportunistic taxa which have the ability to
proliferate during favourable conditions which may be confined to very limited periods often due to the
frequency of river freshes moving down the lake. Chlorophyll-a concentrations in the lake were low to
moderate at survey times although phytoplankton communities were more diverse than is typical in Lake
Rotorangi. This indicates that although diversity was higher than usual, abundances were relatively low.

The macrophyte survey was conducted in 2017-2018 at a time of high turbidity throughout the length of
the lake, caused by a recent fresh in the upper catchments, which may have affected the discovery of
submerged plants. The oxygen weed Egeria densa was identified as the dominant macrophyte in the lower
part of the lake, and Ceratophyllum demersum (hornwort) in parts of the mid-section. No other species was
recorded as dominant, and only one other species, Glossostigma elatinoides, was found. Lagarosiphon major,
which had been recorded in all previous surveys was not found, possibly as a result of the high turbidity.
This is the third record of hornwort in Lake Rotorangi. In addition to those species recorded by the Council,
an additional three new species were recorded by NIWA in April 2012 when commissioned by TrustPower to
assess the hornwort community within the lake. It is unlikely that these other species will ever become
abundant. Hornwort on the other hand is considered highly invasive, and is expected to eventually become
dominant, out-competing E. densa and L. major, although this had not occurred at the time of the October
2018 survey. While this is not expected to cause significant impacts on the ecology of Lake Rotorangi or on
the hydroelectric scheme, there is now greater potential for it to spread to nearby lakes, where such impacts
could be much more severe e.g. Lake Rotokare. The next survey is due to be performed in the 2020-2021
period.

Appropriate warning signs about aquatic weeds, positioned at the three principal boat ramps along the
lake's length, publicise the problems that could result from the introduction of further nuisance aquatic
plants by recreational users, and their responsibilities for preventing the transportation of aquatic plants
between the waterways. These were updated during the 2015-2016 period, with particular reference to

hornwort.

A very sparse macroinvertebrate fauna, but with an absence of oligochaete (tubificids) worms, has been
recorded from the fine sediments of the lake bed between 1996-2017 at the mid lake site and at the lower
lake site consistent with periodic occurrences of anoxic or oxygen depleted conditions recorded at these
two relatively deep sites. This component of the programme is next due in the 2020-2021 monitoring
period.
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4.2 2016-2018 Report's recommendations

The recommendation contained in the 2016-2018 Annual Reports based upon the monitoring programme
results was:

1. THAT the Lake Rotorangi physicochemical and biological water quality monitoring programme
continue on an annual basis as a component of the Council’s State of the Environment monitoring
programme, with every third year of the programme also undertaken in conjunction with the Patea
Hydro Electric Power Scheme - aquatic monitoring plan (next in 2020-2021), and that the requisite
macrophyte and benthic macroinvertebrate surveys be components of the 2020-2021 programme.

This recommendation (1) was implemented with the continuation of a State of the Environment monitoring
programme to include the physicochemical and biological water quality monitoring including the triennial
performance of the macrophyte survey. Once every three years this will be undertaken at TrustPower's
expense, as required by consent 0489, and this is included in the Patea Hydro Electric Power Scheme -
aquatic monitoring plan.

4.3  Alterations to monitoring programme for 2019-2020

In the case of the State of the Environment monitoring programme for Lake Rotorangi, it is considered that
the current monitoring is generally appropriate, with every third year of the programme to be performed in
conjunction with the Patea Hydro Electric Power Scheme - aquatic monitoring plan, which is next to be
conducted in the 2020-2021 period. The exception to this is the VHOD calculation as discussed in Sections
3.12and 4.1.1.

No alterations are required to the 2019-2020 programme, although the data will no longer be used to
calculate VHOD given the shortcomings of this parameter. It is noted that the designated macrophyte
survey will next be undertaken in early 2021 and the benthic macroinvertebrate survey in spring 2020.

Recommendations to this effect are attached to this report.
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5 Recommendations

The following recommendations are based on the results of the 2018-2019 water quality and biological
monitoring programmes and the contractual requirements of the resource consents held by Trustpower for
the Patea Hydro Electric Power Scheme on Lake Rotorangi:

1. THAT the Lake Rotorangi physicochemical and biological water quality monitoring programme
continue on an annual basis as a component of the Council’s State of the Environment monitoring
programme, with every third year of the programme also undertaken in conjunction with the Patea
Hydro Electric Power Scheme - aquatic monitoring plan (next in 2020-2021), and that the requisite
macrophyte and benthic macroinvertebrate surveys be components of the 2020-2021 programme.

2. THAT the calculation of VHOD rates as a component of the Lake Rotorangi physicochemical and
biological water quality monitoring programme be discontinued due to the inaccuracies and
shortfalls of the calculation method.
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Glossary of common terms and abbreviations

The following abbreviations and terms are used within this report:

anoxia

aquatic macrophyte
benthic
black/secchi disc
biomonitoring
chlorophyll-a
cumec

conductivity

DO
DRP

E.coli

epilimnion

faecal coliforms

fresh

g/m?

hypolimnion
I/s

mesotrophic

mS/m
uS/cm
NH,4
NO;
NTU
overturn

pH

photic zone

absence of dissolved oxygen

water plants

bottom living

measurement of visual clarity (metres) through the water (horizontally/vertically)
assessing the health of the environment using aquatic organisms

productivity using measurement of phytoplankton pigment (mg/m3)

volumetric measure of flow (cubic metre per second)

Conductivity, an indication of the level of dissolved salts in a sample, usually measured
at 25°C and expressed in uS/cm

dissolved oxygen measured as g/m? (or saturation (%))
dissolved reactive phosphorus

Escherichia coli, an indicator of the possible presence of faecal material and
pathological micro-organisms. Expressed as the number of organisms per 100ml

lake zone above the thermocline (mixed surface layer)

an indicator of the possible presence of faecal material and pathological micro-
organisms. Expressed as the number of organisms per 100ml

elevated flow in a stream, such as after heavy rainfall

grammes per cubic metre, and equivalent to milligrammes per litre (mg/L). In water,
this is also equivalent to parts per million (ppm), but the same does not apply to
gaseous mixtures

zone below the thermocline in a stratified lake
litres per second

intermediate condition of nutrient enrichment between oligotrophic and eutrophic in
lakes

millisiemens per metre

Microsiemens per centimetre.

ammonium, normally expressed in terms of the mass of nitrogen (N)
nitrate, normally expressed in terms of the mass of nitrogen (N)
Nephelometric Turbidity Unit, a measure of the turbidity of water
remixing of a lake after stratification

a numerical system for measuring acidity in solutions, with 7 as neutral. Numbers
lower than 7 are increasingly acidic and higher than 7 are increasingly alkaline. The
scale is logarithmic i.e. a change of 1 represents a ten-fold change in strength. For
example, a pH of 4 is ten times more acidic than a pH of 5

upper section of lake penetrated by light

80



Policy and Planning Committee - Lake Rotorangi SEM Annual Monitoring Report

physicochemical

plankton

resource consent

RMA

SS
stratification
temp
thermocline
trophic level
turb

Ul

UIR

VHOD

water column

37

measurement of both physical properties(e.g. temperature, clarity, density) and
chemical determinants ( e.g. metals and nutrients) to characterise the state of an
environment

plants and animals freely moving in open water

refer Section 87 of the RMA. Resource consents include land use consents (refer
Sections 9 and 13 of the RMA), coastal permits (Sections 12, 14 and 15), water permits
(Section 14) and discharge permits (Section 15)

Resource Management Act 1991 and subsequent amendments
suspended solids

formation of thermal layers in lakes

temperature, measured in °C (degrees Celsius)

zone of most rapid temperature change in stratified lakes
amount of nutrient enrichment of a lake

turbidity, expressed in NTU

Unauthorised Incident

Unauthorised Incident Register — contains a list of events recorded by the Council on
the basis that they may have the potential or actual environmental consequences that
may represent a breach of a consent or provision in a Regional Plan

Volumetric hypolimnetic oxygen depletion. The note of dissolved oxygen decrease in
the lower layer of the lake under stratified conditions. A measure of lake productivity

water overlying the lake bed
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Appendix I

Flow data for the Patea River at Skinner Road,
the Mangaehu River at Raupuha Road bridge,
and the synthesised inflow into
Lake Rotorangi for the period
1 July 2018 to 30 June 2019
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Appendix II

TRC Lake Rotorangi water quality
trend analysis 1990-2018
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&2\ MEMORANDUM

weratek,  Policy & Planning

Date 1 September 2020

Subject: Annual Freshwater Ecological Monitoring
(macroinvertebrate) 2018-2019

Approved by: G K Bedford, Director - Environment Quality
M ] Nield, Acting Chief Executive

Document: 2556475

Purpose

1. The purpose of this memorandum is to present the latest annual results of the Council’s
state of the environment monitoring programme for fresh water ecological health
(macroinvertebrate monitoring).

2. A full report is available upon request, Freshwater Macroinvertebrate Fauna Biological
Monitoring Programme Annual State of the Environment Monitoring Report 2018-2019,
Technical Report 19-52, providing the details of the monitoring of the Council’s SEM
macroinvertebrate monitoring sites in the 2018-2019 year, and including analysis of
trends in this data since 1995 and over the last ten years. This memorandum summarises
the report’s data and findings, and includes the Executive Summary and the
Recommendations from the report as an appendix.

Executive summary

3. The Council’s ‘Regional Freshwater Plan for Taranaki’ (October 2001) states as two of its
objectives for the region, ‘to maintain and enhance the quality of the surface water resources of
Taranaki by avoiding, remedying or mitigating the adverse effects of contaminants discharged to
land and water from point-sources.... and diffuse sources” (Objectives 6.2.1 and 6.3.1). In
doing so, the Council and community seek to provide for the values associated with
surface water, and to ensure the maintenance of aquatic ecosystems (Environmental
Results Anticipated ER1).

4. In order to ascertain the successful adoption and application or otherwise of the
Council’s policies and methods of implementation, the Council conducts “state of the
environment’ (SEM) monitoring to obtain up to date and robust information for
parameters that characterise the region’s environment and resources. The results and
findings of the SEM programme for the region’s freshwater systems can be interrogated
to determine trends and changes in trends in the quality of the region’s freshwater
resources, alongside the information on the current ‘state” of the region’s in-stream
ecological health parameters that SEM generates. With SEM established in 1995, the
database is extensive enough to allow regular robust statistically-based trend analysis,
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11.

conducted according to recognised and nationally adopted methodologies, to inform
such reviews. The trend analyses cover both trends during the entire record, and trends
in the most recent ten-year period. Using the data record from a shorter, more recent
period sacrifices some certainty in the output results for the sake of identifying current
rather than long-term trends.

The latest results describing the state of and trends in the state of the macroinvertebrate
communities of the region’s waterways are presented herein for the information of the
Council.

The results for the cumulative (long-term) record continue to be overall as encouraging
as in similar reports in the last few years and even more encouraging than those from
earlier periods, with the positive trends that had become markedly better with each year
that passes being maintained overall in the 2018-2019 year.

However, Council officers had observed that in the last few years, MCI scores at a
number of sites had either plateaued or indeed had started to decline. This effect was
particularly marked in the summer results from the year under review (spring survey
results were better than typical). While the long-term trends were still largely
unaffected, the emerging pattern and the most recent results were cause for further
investigation.

No association with land use or changes in land use, position within a catchment,
chemical measures of water quality, or grouping within specific areas could be
identified. However, it was observed that in both 2017-18 and 2018-19, Taranaki was
experiencing regional drought conditions at the time of the summer surveys. Further
investigations identified the following common factors:

e flows were much lower than usual for the 2019 summer season;

e elapsed time since the last flushing flows were much longer than usual (months
instead of weeks have elapsed), and further, have been getting more prolonged each
year;

e water temperatures at time of sampling have been warmer than usual for the
season, by up to 1.4°C; and

e there has been a much greater proportion of extreme temperatures- those
temperatures known to have a direct adverse effect upon macroinvertebrate
communities.

Staff are therefore clear that the current cycle of adverse hydrological and climatic
conditions are impacting the ecological condition of the region's macroinvertebrate
communities.

In terms of Macroinvertebrate Community Index (MCI), the specific measure of the
health of in-stream ecological communities, the study shows that in 2018-2019, spring
survey MCI scores were overall significantly better than long-term median scores for
spring surveys; while in summer the survey scores were lower than the long-term
median scores. As is typical, the median spring MCI score was higher than in summer,
although the difference was more pronounced this year- 8 MCI units, compared with 3
MCI units' difference between the two long-term seasonal medians.

Three of the 59 sites recorded new maximum MCI values in one or other of the two
surveys, down from 7 new maxima in the last period, and there were 8 new minima
(compared to one in the previous period).
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15.

16.

The updated trend analysis for the full record (24 years) shows that at 46 of the 57 sites
for which trends can be determined (81%), MCI scores give indications of improvement.
Applying a more rigorous statistical evaluation to the long-term trend data, there are 25
sites in one of the two categories of strongly or very strongly significantly improving
trends, and one site showing significant deterioration.

However, in terms of indicative changes over the most recent ten-year period, 20 sites
were tending towards improvement and 36 towards decline (although no trends at all
were evident after more rigorous analysis).

In summary, the findings of the macroinvertebrate monitoring programme demonstrate
that the Council and regional community are continuing to meet the Long Term Plan
(LTP) target, to maintain and enhance water quality in the region, even in the face of
year by year fluctuations and subject to climatic cycles. The greatest proportion of the
improving sites are located in mid to lower/mid-catchment reaches; and significant
improvement at the lowest sites is now evident around the region, indicating that
habitat improvement is occurring and drivers of cumulative adverse effects are being
reduced throughout each catchment.

The cause of the positive trends is multi-faceted and complex. The maturing and
extension of the riparian programme with established and extension planting and stock
exclusion, continuing reductions in the number and improvements in the quality of
discharges into waterways (e.g. through discharge of farm dairy effluent to land
instead), and more rigorous compliance regimes will all be playing a role. With the
continuation of these programmes, further consequential gains in water quality and in
in-stream ecological health across the region and in particular extending into the lowest
reaches of the region’s streams and rivers should occur.

The report makes recommendations to continue the freshwater macroinvertebrate
('MCI') component of the SEM programme in a similar format and to update the trend
analysis reports following analysis at the end of the 2019-2020 year.

Recommendations

That the Taranaki Regional Council:

a)

b)
<)

receives this memorandum noting the preparation of a report into the state of and
trends in regional in-stream macroinvertebrate community health data for Taranaki, for
2018-2019 and over the period 1995-2019;

notes the findings of the SEM programme; and

adopts the specific recommendations therein.

Background

17.

18.

This Committee has been regularly informed of the findings that emerge from the
Council’s various freshwater “state of the environment’ monitoring programmes. These
programmes are important as indicators of the effectiveness of the Council’s and
community’s interventions and resource management initiatives addressing freshwater
quality and in-stream health in the region. Members will be aware that there is a high
level of interest nationally in the state and management of the country’s fresh water
resources.

The Regional Fresh Water Plan for Taranaki contains objectives to manage the state of
the region’s surface freshwater. Objective 6.2.1 requires the Council and region “to

93



Policy and Planning Committee - Annual Freshwater Ecological Monitoring (macroinvertebrate) 2018-2019

19.

20.

maintain and enhance the quality of the surface water resources of Taranaki by avoiding,
remedying or mitigating the adverse effects of contaminants discharged to land and water from
point sources’, while Objective 6.3.1 is an equivalent objective for diffuse sources of
contaminants. In Section 10.3 of the Plan, the Council commits to continued monitoring,
research and investigations related to fresh water quality, to provide information on the
state of freshwater in the region and the effectiveness of the Plan.

The Council’s 2012-2022 LTP has, under the ‘Levels of service’ specified for resource
management, a commitment to the “protection of the life-supporting capacity of water, in-
stream uses and values’. The measure for this activity is: ‘Macroinvertebrate Community
Index (MCI) values (a measure of freshwater community richness and composition) at 50
regionally representative sites.” The target throughout the duration of the LTP is that ‘the
proportion of sites showing a trend (whether significant or indicative) of improvements in MCI
against a base year of 1995 to exceed the proportion showing decline over the same period.”

Staff apply the software and methodology that has been used at national reporting level
by NIWA for trend analysis of data related to freshwater systems, to ensure that data
and analysis provided to the Council and the public of Taranaki is robust, defensible,
and consistent with analyses delivered at a national level. In this way timely and reliable
feedback on the quality and health of the region’s streams and the effectiveness of
stream health management in the region can be generated and utilised.

Discussion

21.

22.

23.

One of the Council’s “State of the Environment” monitoring programmes measures the
abundance and composition of macroinvertebrate communities on streambeds, as an
indicator of stream ecological health, through twice-yearly surveys (spring and
summer). The Council has delivered this programme for 24 years to date, i.e. since 1995.
Staff have now reported the data for the 2018-2019 year, including an analysis of trends
in stream ecological health for Taranaki both over the period 1995-2018 (the entire
record) and over the last ten years. Biological surveys were performed in spring
(October to November 2018) and summer (February to early March 2019).

The Executive Summary for the report is attached. In particular, it notes that 59 sites
were surveyed, from 26 rivers and streams, and it explains the representative
significance of each site. Each site and water course is chosen with regard to location,
representativeness, regional variability in river environment, position within a
catchment, and surrounding land use, and with regard to evaluating the effects of
riparian management. Additional sites are being included to provide representative
coverage of the region's Freshwater Management Units.

MCI values were significantly higher than typical in the spring (by 3 units on average)
but generally below average (by 2 units) in the summer surveys in 2018-2019. Spatially,
MCI scores were lower at sites located lower in catchments (as is usual- the consequence
of more open and exposed stream beds, lower flows, higher temperatures,
sedimentation on stream beds, and cumulatively higher levels of some contaminants,
resulting in a shift in the proportion of more sensitive taxa). In spring, the better than
typical results were spread evenly across all levels of catchments- upper, mid, and
lower, but tended to be mid-catchment on the southern ring plain and lower catchment
to the north. In the summer survey, results somewhat lower than normal tended to be
found in north Taranaki (distributed from near the National Park, to urban and coastal
sites).
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24.

25.

26.

27.

28.

29.

Three of the 59 sites recorded new maximum MCI values in one or other of the two
surveys, compared with 7 new maxima in the last period, and there were 8 new minima
(one in the previous period). The highest MCI scores in the 2018-2019 year were found at
the upper Punehu and Katikara Streams and upper Kaupokonui, Patea and
Waingongoro Rivers. Each of these had spring scores in the range of 135- 138. Among
these, the upper Punehu and upper Kaupokonui River sites had scores that were much
better than usual. Lowest MCI scores were found in the lowest (urban) site in the
Huatoki Stream (summer MCI of 56, compared to 98 in spring), the lower Waitara River
(MClIs of 93 in spring and 64 in summer), and the mid-urban site on the Waiwhakaiho
(89 in spring and 60 in summer). Results for every site are presented in full in Appendix
IT of the report.

The Government’s National Policy Statement for Freshwater (2020) specifies that a
council must establish ‘methods...to respond to a Macroinvertebrate Community Index score
below 90°. The 2020 NPS has not yet come into effect. The NPS 2017 set a bottom line for
MCI of 80. The NPS requires a council to take action if macroinvertebrate scores are
below the bottom line. The grounds given for this requirement arise from the more
general NPS-FM requirement that councils must manage ecosystem health in
waterways. There are three sites that have a long-term median MCI value of less than 80
(the Mangati Stream sites and the upper Mangawhero Stream site, none of which are
representative sites for a Freshwater Management Unit in any case). There are a further 8
sites that have long-term median MCI scores of between 80 and 90, individually
scattered across various catchments. The Council is pursuing methods that are
confidently expected to lift MCI values across the ring plain, namely the substantial
elimination of discharges of dairy effluent to waterways together with the completion of
the Council’s riparian management programme in association with the farming
community. Expert advice from both NIWA and the Cawthron Institute is that riparian
fencing and planting is the key intervention to reducing stream temperatures and
improving stream health.

The updated long-term trend analysis shows that at 46 of the 57 sites (81%) for which
trends can be calculated, MCI scores are improving. While this is still a very high
proportion, it is slightly below the 84% found last year. Ten sites are indicating possible
deterioration over the long term, down from 13 when trend analysis began in 2008, but
one more than last year.

Applying a more rigorous statistical evaluation of trend data, the number of sites with a
‘positive and very significant’ trend since 1995 is now 19, and there are a further 6 sites
with a “positive significant’ trend, giving 25 sites now in either of the two positive
categories of strong or very strong improvement. Last year there were 27 in either of
these two categories. One site (the upper Katikara) showed a significant negative trend,
a result similar to previous years. The ecological communities of the site in question
have been adversely affected by headwater erosion events.

In the first trend analysis (undertaken in the 2006-2007 monitoring year), 13 sites were
found to have strong or very strong improving trends in ecological health.

The ten sites that have shown the greatest long-term improvement are
e Kaupokonui Stream upstream of Fonterra, Kapuni factory

e Kapoaiaia Stream at Wiremu Road

e Kapoaiaia Stream at Wataroa Road

e Kurapete Stream downstream of Inglewood WWTP
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30.

31.

32.

33.

e  Mangati Stream at Bell Block

e Kaupokonui Stream at Kaponga

¢ Mangaehu River at Raupuha Road
e Punehu Stream at SH45

e Timaru Stream at SH45

e Kurapete Stream upstream of Inglewood WWTP

In terms of recent trends (the ten years' data to 2019), no sites had a significant trend
once rigorous statistical tests were applied. In terms of indicative directions of change,
20 sites had a positive trend, 36 sites had a negative trend, and one site had an
indeterminate trend (compared with 30 sites tending towards improvement and 27
towards decline, from results from the ten years to 2018).

Council officers had observed that in the last few years, MCI scores at a number of sites
had either plateaued or indeed had started to decline. This effect was particularly
marked in the summer results from the year under review (spring survey results were
better than typical). While the long-term trends were still largely unaffected, the
emerging pattern and the most recent results were cause for further investigation.

Staff could not identify any association with land use or changes in land use, position
within a catchment, chemical measures of water quality, or grouping within specific
areas. However, it was initially observed that in both 2017-18 and 2018-19, the region
was experiencing drought conditions at the time of the summer surveys. Further
investigations identified the following common factors:

e flows were much lower than usual for summer for the 2019 survey (eg only 40-50%
of the normal February average flows at over half of the Council's flow monitoring
sites), which would mean less habitat availability and diversity;

e elapsed time since the last flushing flows were much longer than usual (months
instead of weeks had elapsed), and further, have been getting more prolonged each
year. This in turn would mean less food supply; the possibility of siltation of
streambeds with smothering of life cycle stages and loss of habitat; proliferation of
benthic periphyton cover; and attenuation of community composition due to loss of
diversity in stream conditions;

e water temperatures at time of sampling have been warmer than usual for the
summer season at most sites, by up to 1.4°C, and this pattern has been consistent for
the last 4 years; and

e there has been a much greater proportion of extreme temperatures- those
temperatures known to have an adverse effect upon macroinvertebrate
communities (for example, the lower Waitara River had a drop of 18 units in its MCI
score in summer 2019, co-incident with the duration of water temperatures above
20°C rising from one-quarter to one-half of the entire summer period).

Staff are therefore clear that the current cycle of adverse hydrological and climatic
conditions are impacting the ecological condition of the region's macroinvertebrate
communities.
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Conclusions

34. In terms of iwi and other public awareness of stream ecological health, the Committee

35.

can note that through the Council’s last LTP submission process (2017), maintenance of
the Council’s macroinvertebrate programme was supported. While Ngati Mutunga
requested additional monitoring within their rohe, the Council noted that it has recently
added an additional site in north Taranaki to represent the Freshwater Management
Unit covering this part of the region. The Council continues to consider ways of
expanding the monitoring network, whether by Council-based or community-based
monitoring. Te Runanga o Ngati Ruanui Trust supported the on-going management of
water quality for future improvement, and the incorporation of culturally-based
monitoring. While the Council has committed to developing appropriate indicators
further, it is noted that stream health is a priority across all parties, and
macroinvertebrate monitoring gives effect to this priority. Te Korowai o Ngaruahine
Trust and Te Kotahitanga o Te Atiawa likewise expressed an interest in and support for
the Council’s stream health monitoring.

In simple terms, the latest results of SEM MCI monitoring have generally seen
maintenance of improvements being found regionally in respect of the LTP target of
maintaining or enhancing regional in-stream ecological health, once climatic and
hydrological cycles are recognised. The Council is meeting its LTP and Regional Fresh
Water Plan for Taranaki objectives. Over the long term, the implementation of additional
measures such as more complete stock exclusion from waterways, the maturing and
extension of riparian planting, and continuing reductions in the number and
improvements in the quality of discharges into waterways, should see further
consequential gains in water quality and in in-stream ecological health across the region
and in particular extending into the lowest reaches of the region’s streams and rivers.
Provision of this memorandum, together with subsequent information sheets that the
Council prepares each year, will keep the regional community informed on fresh water
quality.

Decision-making considerations

36.

Part 6 (Planning, decision-making and accountability) of the Local Government Act 2002
has been considered and documented in the preparation of this agenda item. The
recommendations made in this item comply with the decision-making obligations of the
Act.

Financial considerations—LTP/Annual Plan

37.

This memorandum and the associated recommendations are consistent with the
Council’s adopted Long-Term Plan and estimates. Any financial information included
in this memorandum has been prepared in accordance with generally accepted
accounting practice.

Policy considerations

38.

This memorandum and the associated recommendations are consistent with the policy
documents and positions adopted by this Council under various legislative frameworks
including, but not restricted to, the Local Government Act 2002, the Resource Management
Act 1991 and the Local Government Official Information and Meetings Act 1987.
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Iwi considerations

39. This memorandum and the associated recommendations are consistent with the
Council’s policy for the development of Maori capacity to contribute to decision-making
processes (schedule 10 of the Local Government Act 2002) as outlined in the adopted long-
term plan and/or annual plan. Similarly, iwi involvement in adopted work
programmes has been recognised in the preparation of this memorandum.

Legal considerations

40. This memorandum and the associated recommendations comply with the appropriate
statutory requirements imposed upon the Council.

Appendices/Attachments

Document 2333422: Freshwater Macroinvertebrate Fauna Annual State of the Environment
report 2018-2019: Executive summary and Recommendations
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Executive summary

Section 35 of the Resource Management Act requires local authorities to undertake
monitoring of the region’s environment, including land, air, and fresh and marine water
quality. The Taranaki Regional Council initiated the freshwater macroinvertebrate State of
Environment Monitoring (SEM) programme for Taranaki in the 1995-1996 monitoring year.

Freshwater macroinvertebrates comprise a range of aquatic species including insects,
crustacea, molluscs and worms. They have a crucial role in freshwater ecology and respond
to changes in a variety of factors including water quality, hydrology and habitat. While a
water sample will reveal water chemistry at the time of sampling, and thus give an
indication of pressures on stream ecology, assessing the state of the freshwater
macroinvertebrate communities will show the cumulative influences of these factors over the
recent past as well as being a primary indicator of whether a stream is healthy or otherwise.
The Macroinvertebrate Community Index (MCI) is a New Zealand version of an approach
that is used internationally. Each taxa found at a stream monitoring site is scored according
to its sensitivity or tolerance to the overall stream habitat, and the cumulative score then
provides an index of stream health. The Government’s National Policy Statement for
Freshwater Management 2017 requires every regional council to monitor and report on
stream health using the MCL

This report covers the 2018-2019 monitoring year. Biological surveys were performed in
spring (October to November 2018) and summer (February to March 2019). Each seasonal
survey assessed the macroinvertebrate communities at 59 sites in 26 rivers and streams.

For sites located in lower reaches of catchments the proportion of ‘sensitive’ taxa in the
macroinvertebrate communities generally have been lower in summer than in spring,
coincident with lower flows, higher water temperatures, less scouring, and increased
smothering of habitats by more widespread algal growth within rivers and streams in
summer. While this is a generic pattern, in the 2018-2019 summer surveys the pattern was
exacerbated by extended periods of higher than usual stream temperatures, a significant
increase in the proportion of more extreme temperatures, and prolonged low flow periods.
The summer period was particularly dry with some sites recording new records for time
elapsed since a significant fresh, which was likely to be a significant factor in the lower than
normal summer scores. In the 2018-2019 monitoring year the median spring MCI score (102
units) was eight units higher than the median summer score (94 units), while the mean
(average) spring score (106 units) was nine units higher than the mean summer score (97
units). The seasonal difference in scores was highly statistically significant. The spring
median score was three units higher than the historical spring median, while the summer
median was two units lower than the historic summer median. Overall, the median for the
current year (99 units) across both surveys was one unit higher than the historical median,
indicating that the current monitoring year result was slightly better than previous years.

The proportion of “sensitive’ taxa in the macroinvertebrate communities usually decreased
down the length of the waterways, which was reflected in the deterioration in generic stream
‘health’ from ‘very good” in the upper reaches to ‘good” through to ‘fair’ in mid-reaches to
‘fair’ in the lower reaches.

There were three new maxima and eight new minima MCI scores recorded during the 2018-
2019 period. This result contrasts with the seven new maxima and one new minima recorded
in the preceding 2017-2018 period. One of the three new maxima and one of the eight new
minima were from one of the two relatively new sites established in the 2015-2016 period
and hence was of little comparative significance.
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There were six sites on five streams/rivers that had “poor” scores and one site with a “very
poor” score. Of particular note was the Mangati Stream that had “poor” scores for both spring
and summer, which is known to have a variety of water quality issues, the lower Huatoki
Stream site summer score of only 56 units, the lower Waiwhakaiho River site at Constance St
summer score of 60 units, and the lower Waitara River site summer score of 64 units. The
latter three sites had scores that were either new minima, or equalled historic minima. The
low summer scores at the Huatoki, Waiwhakaiho and Waitara Rivers were possibly caused
by the dry and warm summer causing unusually low flows, elevated in-stream
temperatures, and a lack of significant freshes over atypically extended periods.

Temporal trend analysis was undertaken for sites with sufficient data. Taking into account
the full historical record for each site, there are 57 sites with sufficient data, (at least 10 years’
monitoring data), to perform a statistical analysis.

Forty-six sites display positive trends, with 25 of those sites having statistically significant
improvements (after application of FDR tests1). Only ten sites had negative trends and only
one of these was statistically significant. That site, along with two other sites with negative
trends, were adversely affected by natural headwater erosion inside the National Park.
However, the LOWESS graphs indicate several sites have unimodal trendlines, indicating
that sites had improved in condition, had then plateaued, and now within the last couple of
years are declining. There was one site with no trend either positive or negative.

There was little evidence of trends in macroinvertebrate health at sites in the upper reaches
of catchments, which generally already had good macroinvertebrate health, while two-thirds
of middle reach sites had significant improvement and nearly half the sites located in the
lower reaches of catchments showed significant improvement. Generally, in lower catchment
sites the macroinvertebrate communities tend to be “tolerant’” of the cumulative impacts of
nutrient enrichment. Significant improvement of (predominantly ‘fair’) biological stream
‘health’ at the lower reach sites is unlikely to be detected until habitat improvements occur
by way of substantial catchment-wide initiatives such as riparian planting and diversion of
point source discharges and in urban and industrial areas better stormwater and wastewater
management. It is noted that the Council is promoting these interventions with
implementation by the regional community.

For the most recent ten-year data set, there were no sites that had a significant trend once
FDR adjustment was applied. Prior to FDR adjustment being applied, there were no sites
that showed a significant improvement and ten sites showed a significant decline. In total 20
sites had a positive trend, 36 sites had a negative trend, and one site had an indeterminate
trend.

Trends have plateaued recently at some sites that have shown longterm improvements. This
could be due to a variety of reasons. In some catchments riparian management initiatives
have largely been completed and therefore stream health will likely have stabilised at
monitoring sites. Some sites have shown step change improvements due to the removal of
point source discharges such as wastewater treatment plant removal, with these
improvements now resulting in a new baseline at those sites. There are also other factors that
could be counteracting improvements such as increased agricultural inputs and/or

warmer/ drier weather. A specific analysis of the data for summer 2019 indicates that stream

1 FDR= False Discovery Rate, one of several tests applied to the results to increase
confidence in the results by eliminating apparent trends that are the results of coincidence
and random distributions rather than genuine change.
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health, as measured by MCI scores, was negatively correlated with the time between
sampling and the last significant fresh. This is likely due to periphyton accrual and possibly
fine sediment deposition though in some cases a significant interval between sampling and
the last significant fresh may also be an indication of very low flows. A significant fresh that
mobilises the streambed will remove the majority of periphyton and fine, deposited
sediment and thus provide better habitat for macroinvertebrates. Other factors such as
nutrients and temperature can have important interactive and antagonistic effects and
therefore the importance of the preceding hydrological regime will vary at the site level. An
additional analysis indicates that the time between sampling and the last significant fresh
has been increasing, which might be influencing long-term trends at some sites.

The recommendations for the 2019-2020 monitoring year are for the freshwater biological
component of the SEM monitoring to be maintained by way of the same macroinvertebrate
faunal programme, and expanded by the inclusion of five Eastern Hill Country sites. One
site is recommended to be removed as it is considered to have poor site-specific habitat that
is not representative of the stream or catchment.

7. Recommendations for 2019-2020
It is recommended for 2019-2020:

1. THAT the freshwater biological macroinvertebrate fauna component of the SEM
programme be maintained in the 2019-2020 monitoring year by means of the same
programme as that undertaken in 2018-2019, with some site changes. These changes are
namely that five Eastern Hill Country sites be added to the programme to provide
improved representation, and that the upper Mangawhero site is removed, as this site
has very poor site-specific habitat and is not considered representative of the stream or
catchment.

2. THAT temporal trending of the macroinvertebrate faunal data continues to be updated
on an annual basis.
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Executive summary

Section 35 of the Resource Management Act requires local authorities to undertake monitoring of the
region’s environment, including land, air, and fresh and marine water quality. The Taranaki Regional Council
initiated the freshwater macroinvertebrate State of Environment Monitoring (SEM) programme for Taranaki
in the 1995-1996 monitoring year.

Freshwater macroinvertebrates comprise a range of aquatic species including insects, crustacea, molluscs
and worms. They have a crucial role in freshwater ecology and respond to changes in a variety of factors
including water quality, hydrology and habitat. While a water sample will reveal water chemistry at the time
of sampling, and thus give an indication of pressures on stream ecology, assessing the state of the
freshwater macroinvertebrate communities will show the cumulative influences of these factors over the
recent past as well as being a primary indicator of whether a stream is healthy or otherwise. The
Macroinvertebrate Community Index (MCI) is a New Zealand version of an approach that is used
internationally. Each taxa found at a stream monitoring site is scored according to its sensitivity or tolerance
to the overall stream habitat, and the cumulative score then provides an index of stream health. The
Government’s National Policy Statement for Freshwater Management 2017 requires every regional council to
monitor and report on stream health using the MCIL.

This report covers the 2018-2019 monitoring year. Biological surveys were performed in spring (October to
November 2018) and summer (February to March 2019). Each seasonal survey assessed the
macroinvertebrate communities at 59 sites in 26 rivers and streams.

For sites located in lower reaches of catchments the proportion of ‘sensitive’ taxa in the macroinvertebrate
communities generally have been lower in summer than in spring, coincident with lower flows, higher water
temperatures, less scouring, and increased smothering of habitats by more widespread algal growth within
rivers and streams in summer. While this is a generic pattern, in the 2018-2019 summer surveys the pattern
was exacerbated by extended periods of higher than usual stream temperatures, a significant increase in
the proportion of more extreme temperatures, and prolonged low flow periods. The summer period was
particularly dry with some sites recording new records for time elapsed since a significant fresh, which was
likely to be a significant factor in the lower than normal summer scores. In the 2018-2019 monitoring year
the median spring MCI score (102 units) was eight units higher than the median summer score (94 units),
while the mean (average) spring score (106 units) was nine units higher than the mean summer score (97
units). The seasonal difference in scores was highly statistically significant. The spring median score was
three units higher than the historical spring median, while the summer median was two units lower than the
historic summer median. Overall, the median for the current year (99 units) across both surveys was one
unit higher than the historical median, indicating that the current monitoring year result was slightly better
than previous years.

The proportion of ‘sensitive’ taxa in the macroinvertebrate communities usually decreased down the length
of the waterways, which was reflected in the deterioration in generic stream ‘health’ from ‘very good’ in the
upper reaches to ‘good’ through to ‘fair’ in mid-reaches to ‘fair' in the lower reaches.

There were three new maxima and eight new minima MCI scores recorded during the 2018-2019 period.
This result contrasts with the seven new maxima and one new minima recorded in the preceding 2017-2018
period. One of the three new maxima and one of the eight new minima were from one of the two relatively
new sites established in the 2015-2016 period and hence was of little comparative significance.

There were six sites on five streams/rivers that had ‘poor’ scores and one site with a ‘very poor’ score. Of
particular note was the Mangati Stream that had ‘poor’ scores for both spring and summer, which is known
to have a variety of water quality issues, the lower Huatoki Stream site summer score of only 56 units, the
lower Waiwhakaiho River site at Constance St summer score of 60 units, and the lower Waitara River site
summer score of 64 units. The latter three sites had scores that were either new minima, or equalled historic
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minima. The low summer scores at the Huatoki, Waiwhakaiho and Waitara Rivers were possibly caused by
the dry and warm summer causing unusually low flows, elevated in-stream temperatures, and a lack of
significant freshes over atypically extended periods.

Temporal trend analysis was undertaken for sites with sufficient data. Taking into account the full historical
record for each site, there are 57 sites with sufficient data, (at least 10 years’ monitoring data), to perform a
statistical analysis.

Forty-six sites display positive trends, with 25 of those sites having statistically significant improvements
(after application of FDR tests!). Only ten sites had negative trends and only one of these was statistically
significant. That site, along with two other sites with negative trends, were adversely affected by natural
headwater erosion inside the National Park. However, the LOWESS graphs indicate several sites have
unimodal trendlines, indicating that sites had improved in condition, had then plateaued, and now within
the last couple of years are declining. There was one site with no trend either positive or negative.

There was little evidence of trends in macroinvertebrate health at sites in the upper reaches of catchments,
which generally already had good macroinvertebrate health, while two-thirds of middle reach sites had
significant improvement and nearly half the sites located in the lower reaches of catchments showed
significant improvement. Generally, in lower catchment sites the macroinvertebrate communities tend to be
‘tolerant’ of the cumulative impacts of nutrient enrichment. Significant improvement of (predominantly
'fair') biological stream ‘health’” at the lower reach sites is unlikely to be detected until habitat improvements
occur by way of substantial catchment-wide initiatives such as riparian planting and diversion of point
source discharges and in urban and industrial areas better stormwater and wastewater management. It is
noted that the Council is promoting these interventions with implementation by the regional community.

For the most recent ten-year data set, there were no sites that had a significant trend once FDR adjustment
was applied. Prior to FDR adjustment being applied, there were no sites that showed a significant
improvement and ten sites showed a significant decline. In total 20 sites had a positive trend, 36 sites had a
negative trend, and one site had an indeterminate trend.

Trends have plateaued recently at some sites that have shown longterm improvements. This could be due
to a variety of reasons. In some catchments riparian management initiatives have largely been completed
and therefore stream health will likely have stabilised at monitoring sites. Some sites have shown step
change improvements due to the removal of point source discharges such as wastewater treatment plant
removal, with these improvements now resulting in a new baseline at those sites. There are also other
factors that could be counteracting improvements such as increased agricultural inputs and/or
warmer/drier weather. A specific analysis of the data for summer 2019 indicates that stream health, as
measured by MCI scores, was negatively correlated with the time between sampling and the last significant
fresh. This is likely due to periphyton accrual and possibly fine sediment deposition though in some cases a
significant interval between sampling and the last significant fresh may also be an indication of very low
flows. A significant fresh that mobilises the streambed will remove the majority of periphyton and fine,
deposited sediment and thus provide better habitat for macroinvertebrates. Other factors such as nutrients
and temperature can have important interactive and antagonistic effects and therefore the importance of
the preceding hydrological regime will vary at the site level. An additional analysis indicates that the time
between sampling and the last significant fresh has been increasing, which might be influencing long-term
trends at some sites.

1 FDR= False Discovery Rate, one of several tests applied to the results to increase confidence in the results by eliminating

apparent trends that are the results of coincidence and random distributions rather than genuine change.
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The recommendations for the 2019-2020 monitoring year are for the freshwater biological component of
the SEM monitoring to be maintained by way of the same macroinvertebrate faunal programme, and
expanded by the inclusion of five Eastern Hill Country sites. One site is recommended to be removed as it is
considered to have poor site-specific habitat that is not representative of the stream or catchment.
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1 Introduction

1.1 General

The Resource Management Act 1991 (RMA) established new requirements for local authorities to undertake
environmental monitoring. Section 35 of the RMA requires local authorities to monitor, among other things,
the state of the environment of their region or district, to the extent that is appropriate to enable them to
effectively carry out their functions under the Act.

To this effect, the Taranaki Regional Council (the Council) has established a state of the environment
monitoring (SEM) programme for the region. This programme is outlined in the Council’s ‘State of the
Environment Monitoring Procedures Document’, which was prepared in 1997. The monitoring programme
is based on the significant resource management issues that were identified in the Council’s Regional Policy
Statement for Taranaki (1994).

The SEM programme is made up of a number of individual monitoring activities, many of which are
undertaken and managed on an annual basis (from 1 July to 30 June). For these annual monitoring
activities, summary reports are produced following the end of each monitoring year (i.e., after 30 June).
Where possible, individual consent monitoring programmes have been integrated within the SEM
programme to save duplication of effort and minimise costs. The purpose of annual SEM reports is to
summarise regional environmental monitoring activity results for the year, and provide an interpretation of
these results, together with an update of trends in the data.

Annual SEM reports act as ‘building blocks’ towards the preparation of the regional state of the
environment report every five years. The Council's first, or baseline, state of the environment report was
prepared in 1996 (TRC, 1996¢), summarising the region’s progress in improving environmental quality in
Taranaki over the past two decades. The second report (for the period 1995-2000) was published in 2003
(TRC, 2003). Data spanning the ten-year period 1995 to 2005 have been used in the preparation of a trend
report (TRC, 2006). The third State of the Environment report (for the period 1995 to 2007) was published
(TRC, 2009a) and included trend reporting and the fourth report (for the 1995 to 2014 period) has been
published (TRC, 2015a). The provision of appropriate computer software statistical procedures allows
regular reporting on trends in the environmental quality over time, in relation to Council’s ongoing
monitoring activities, now that there has been an accumulation of a comprehensive dataset of sufficient
duration to permit a meaningful analysis of trends (i.e. minimum of 10 years).

This report summarises the results for the sites surveyed in the freshwater macroinvertebrate SEM
programme over the 2018-2019 monitoring year, the twenty-fourth year of this programme.

1.2 Background

Freshwater macroinvertebrates are a range of aquatic species that have a crucial role in freshwater ecology
and that respond to changes in water quality or hydrological patterns or habitat. While a grab sample of
water collected from a waterbody will reveal the water chemistry at the time of sampling, and thus give an
indication of any contemporaneous pressures on the ecology of the stream, the alternative of directly
assessing the state of the freshwater communities themselves will show the cumulative influences of these
factors over the recent past as well as being a primary indicator of whether a stream can be considered
healthy or otherwise. The Macroinvertebrate Community Index (MCI) is a New Zealand version of an
approach that is used internationally. Each species found at a stream monitoring site is scored according to
its sensitivity or tolerance, and the cumulative score then provides an index of stream health. The
Government's National Policy Statement for Freshwater Management 2017 made it compulsory for every
regional council to monitor and report on stream health using the MCL
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The Cawthron Institute notes: Benthic macroinvertebrates are used worldwide as sub-indicators of stream
ecosystem health as they respond to human pressures, are taxonomically diverse and easy to sample. The
MClI is responsive to multiple stressors, but not all stressors, and as such provides a good indicator of the
overall condition of the macroinvertebrate component of stream ecosystem health2.

2 Cawthron Institute Report 3073
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2 Monitoring methodology

2.1 Programme design

The Council commenced the freshwater biological SEM programme in spring 1995. The 2018-2019
monitoring year was therefore the twenty-fourth year in which this SEM programme was undertaken. This
report presents the results from the sites surveyed in the 2018-2019 monitoring year. Full details of the
methodology for the programme can be found in TRC (1997b).

2.2 Site locations

A map of all sites monitored in the Taranaki freshwater biological SEM programme is shown in Figure 1,
with site meta data given in Table 1. Various additions of sites have been implemented throughout the 24
years of the SEM programme, with details of site selections given in Appendix I.

The biological programme for the 2018-2019 period involved the continuation of a riparian vegetation
monitoring component which incorporated five sites in the Kaupokonui River (see Table 1) and five sites in
western Taranaki ring plain streams (Katikara Stream and Kapoaiaia Stream).

Most recently, the addition of further Eastern Hill country sites has been undertaken, in the light of the
requirement of the National Policy Statement on Fresh Water that the Council undertakes representative
monitoring across all Freshwater Management Units (FMUs) within the region. The Council has identified
prospective FMUs and has adjusted its monitoring programmes in anticipation of these being confirmed in
due course within the forthcoming Regional Water and Land Plan (in prep).
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4
Table 1 Freshwater biological monitoring sites in the State of the Environment Monitoring programme
GPS location .
X . X Spring Summer
River/stream Site Site code
E N date date

Hangatahua (Stony) R Mangatete Road STY000300 1677460 | 5657823 | 25-Oct-18 | 18-Feb-19
Hangatahua (Stony) R SH45 STY000400 1674632 | 5661558 | 25-Oct-18 | 18-Feb-19
Herekawe S Centennial Drive HRKO000085 1688283 | 5674972 | 10-Oct-18 | 14-Feb-19
Huatoki S Hadley Drive HTKO000350 | 1693349 | 5671486 | 10-Oct-18 | 14-Feb-19
Huatoki S Huatoki Domain HTK000425 1693041 | 5673404 | 10-Oct-18 | 14-Feb-19
Huatoki S Molesworth St HTKO000745 | 1692800 | 5676424 | 10-Oct-18 | 14-Feb-19
Kapoaiaia S Wiremu Road KPA000250 | 1678009 | 5652025 | 26-Oct-18 | 18-Feb-19
Kapoaiaia S Wataroa Road KPA000700 1672739 | 5652272 | 26-Oct-18 | 18-Feb-19
Kapoaiaia S Cape Egmont KPA000950 1665690 | 5652452 | 26-Oct-18 | 18-Feb-19
Katikara S Carrington Road KTK000150 1683566 | 5657855 | 25-Oct-18 | 18-Feb-19
Katikara S Beach KTK000248 1676597 | 5667473 | 25-Oct-18 | 18-Feb-19
Kaupokonui R Opunake Road KPK000250 1698088 | 5639231 & 5-Oct-18 5-Mar-19
Kaupokonui R U/s Kaponga oxi ponds KPK000500 1698609 | 5634423 5-Oct-18 5-Mar-19
Kaupokonui R U/s Lactose Co. KPK000660 1697613 | 5629791 5-Oct-18 5-Mar-19
Kaupokonui R Upper Glenn Road KPK000880 1693026 | 5622705 5-Oct-18 5-Mar-19
Kaupokonui R Near mouth KPK000990 1691209 | 5620444 = 5-Oct-18 5-Mar-19
Kurapete S U/s Inglewood WWTP KRP0O00300 | 1705087 | 5665510 | 10-Oct-18 | 26-Feb-19
Kurapete S D/s Inglewood WWTP KRP000660 1709239 | 5667481 | 10-Oct-18 | 26-Feb-19
Maketawa S Opp Derby Road MKWO000200 | 1702192 & 5656304 & 20-Nov-18 | 18-Feb-19
Maketawa S Tarata Road MKWO000300 | 1708784 | 5665231 | 20-Nov-18 | 18-Feb-19
Mangaehu R Raupuha Rd MGH000950 | 1726300 | 5639062 | 8-Oct-18 | 11-Feb-19
Manganui R SH3 MGNO000195 | 1708871 | 5651282 | 20-Nov-18 & 18-Feb-19
Manganui R Bristol Road MGNO000427 | 1711210 | 5667887 | 20-Nov-18 | 18-Feb-19
Mangaoraka S Corbett Road MRKO000420 | 1702538 | 5676320 | 10-Oct-18 | 15-Feb-19
Mangati S D/s railway line MGT000488 | 1700095 | 5678043 & 21-Nov-18 | 20-Feb-19
Mangati S Te Rima PI, Bell Block MGT000520 | 1699385 | 5679103 & 21-Nov-18 | 20-Feb-19
Mangawhero S U/s Eltham WWTP MWH000380 | 1712475 | 5633431 | 16-Oct-18 | 6-Mar-19
Mangawhero S D/s Mangawharawhara S | MWHO000490 | 1710795 | 5632738 | 16-Oct-18 | 6-Mar-19
Mangorei S SH3 MGE000970 | 1696094 | 5671500 & 20-Nov-18 | 8-Feb-19
Patea R Barclay Rd PAT000200 | 1702620 | 5646598 | 7-Nov-18 | 4-Mar-19
Patea R Swansea Rd PAT000315 | 1711801 | 5644382 | 7-Nov-18 | 4-Mar-19
Patea R Skinner Rd PAT000360 1715919 | 5644681 | 7-Nov-18 4-Mar-19
Punehu S Wiremu Rd PNH000200 | 1687323 | 5637020 | 11-Oct-18 | 5-Mar-19
Punehu S SH45 PNHO000900 | 1677946 | 5627786 | 11-Oct-18 | 5-Mar-19
Tangahoe R Upper Valley TNHO000090 | 1725340 | 5626101 & 4-Oct-18 7-Mar-19
Tangahoe R Tangahoe Vly Rd bridge TNH000200 | 1719126 | 5622681 | 4-Oct-18 7-Mar-19
Tangahoe R d/s rail bridge TNHO000515 | 1715751 | 5612470 & 4-Oct-18 7-Mar-19
Timaru S Carrington Road TMRO000150 | 1684423 | 5659634 | 25-Oct-18 | 18-Feb-19
Timaru S SH45 TMR000375 | 1679509 | 5665554 | 25-Oct-18 | 18-Feb-19
Waiau S Inland North Road WAI000110 | 1714587 | 5680018 | 10-Oct-18 | 15-Feb-19
Waimoku S Lucy's Gully WMK000100 | 1681324 | 5666240 | 25-Oct-18 | 14-Feb-19
Waimoku S Beach WMK000298 | 1681725 | 5669851 | 25-Oct-18 | 14-Feb-19
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River/stream

Waingongoro R
Waingongoro R
Waingongoro R
Waingongoro R
Waingongoro R
Waingongoro R
Waiokura S
Waiokura S
Waiongana S
Waiongana S
Waitara R
Waitara R
Waiwhakaiho R
Waiwhakaiho R
Waiwhakaiho R
Waiwhakaiho R

Whenuakura R

Site

700m d/s Nat Park
Opunake Rd

Eltham Rd

Stuart Rd

SH45

Ohawe Beach

Skeet Rd

Manaia Golf Course
SH3a

Devon Road

Autawa Road
Mamaku Road
National Park

SH3 (Egmont Village)
Constance St (NP)
Adjacent to L Rotomanu

Nicholson Rd

Site code

WGG000115
WGG000150
WGG000500
WGG000665
WGG000895
WGG000995

WKRO000500
WKR000700
WGA000260
WGA000450
WTR000540
WTR000850
WKHO000100
WKHO000500
WKH000920
WKHO000950

WNR000450
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GPS location

E N

1700835 | 5645086
1705692 | 5642523
1710576 | 5634824
1709784 | 5632049
1704042 | 5618667
1702531 | 5617624
1698807 | 5628892
1697636 | 5622019
1705159 | 5669554
1704063 | 5680381
1720719 | 5663669
1708384 | 5678739
1696096 | 5658351
1698297 | 5666893
1695827 | 2677271
1696587 | 2678336
1732757 | 5598479

Spring
date

16-Oct-18
16-Oct-18
16-Oct-18
16-Oct-18
16-Oct-18
16-Oct-18
5-Oct-18
5-Oct-18
21-Nov-18
21-Nov-18
22-Nov-18
22-Nov-18
20-Nov-18
20-Nov-18
20-Nov-18
20-Nov-18
4-Oct-18

Summer
date

6-Mar-19
6-Mar-19
6-Mar-19
6-Mar-19
6-Mar-19
6-Mar-19
5-Mar-19
5-Mar-19
14-Feb-19
14-Feb-19
14-Feb-19
14-Feb-19
8-Feb-19
8-Feb-19
8-Feb-19
8-Feb-19
7-Mar-19
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Figure 1 Location of macroinvertebrate fauna sampling sites for the 2018-2019 SEM programme

2.3 Sample collection and analysis

The standard 400 ml kick-sampling’ and occasionally the ‘400 ml sweep-net- sampling’ techniques were

used to collect streambed (benthic) macroinvertebrates from various sampling sites in selected catchments
in the Taranaki region (detailed in section 2.4 and TRC, 1997b). The 'kick-sampling’ technique is very similar
to Protocol C1 (hard-bottomed, semi-quantitative) and the ‘sweep-net- sampling’ technique is very similar
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to Protocol C2 of the New Zealand Macroinvertebrate Working Group (NZMWG) protocols for
macroinvertebrate samples in wadeable streams (Stark et al, 2001). Surveys of all sites are normally
performed twice during the monitoring year, once during spring (October to December) and once during
summer (February and March). An audit of the macroinvertebrate samples used for SEM purposes was
undertaken this monitoring year, as it had been noted that some surveys in the database did not appear to
be for SEM purposes. A very small number of surveys were found to be wrongly assigned as SEM surveys
and have since been removed from the analysis. Further information outlining this can be found at TRC,
2019. Sampling dates for each site are detailed in Table 1.

Samples were preserved using Kahle's Fluid, for later sorting and identification. This was carried out using a
stereomicroscope, and following Taranaki Regional Council methodology, using protocol P1 of NZMWG
protocols for sampling macroinvertebrates in wadeable streams (Stark et al. 2001). Macroinvertebrate taxa
were placed in abundance categories for each sample (Table 2).

Table 2 Macroinvertebrate abundance categories
Abundance category Number of individuals
R (rare) 1-4
C (common) 5-19
A (abundant) 20-99
VA (very abundant) 100-499
XA (extremely abundant) 500+

24  Environmental parameters and indicators

2.4.1 Taxonomic richness

The number of macroinvertebrate taxa found in each sample is used as an indicator of the richness of the
community at each site. However, a high taxonomic richness does not necessarily mean a pristine, healthy
community. Sites with mild nutrient enrichment will often have higher taxonomic richness than pristine
sites, and therefore caution is required when evaluating sites based on taxonomic richness (Stark and
Maxted, 2007).

2.4.2 Macroinvertebrate Community Index (MCI)

Stark (1985) developed a scoring system for macroinvertebrate taxa according to their sensitivity to organic
pollution in stony New Zealand streams. Highly ‘sensitive’ taxa are assigned the highest scores of 9 or 10,
while the most "tolerant’ forms score 1. For studies undertaken in the Taranaki, the sensitivity scores for
certain taxa have been modified in accordance with Taranaki experience (see TRC, 1997b). The
Macroinvertebrate Community Index (MCI) value is calculated by averaging the scores obtained from a list
of taxa taken from one site, and multiplying by a scaling factor of 20. The MCI is a measure of the overall
sensitivity of macroinvertebrate communities to the effects of organic pollution. Communities that are more
‘sensitive’ inhabit less polluted waterways.
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2.4.3 Semi Quantitative MCI (SQMCI)

A semi-quantitative MCI value (SQMCI) (Stark 1998 & 1999) is also calculated from the taxa present at each
site. The SQMCl is calculated by multiplying each taxon score by a loading factor (related to its abundance),
summing these products, and dividing by the sum of the loading factors (Stark, 1998, 1999). The loading
factors are 1 for rare (R), 5 for common (C), 20 for abundant (A), 100 for very abundant (VA) and 500 for
extremely abundant (XA). Unlike the MCI, the SQMCI is not multiplied by a scaling factor of 20. As a result,
its corresponding range of values is 20x lower than MCL A difference in SQMCI of more than 0.83 units is
considered as statistically significant. However, Stark and Maxted (2007) considered the MCI to be a more
appropriate index than the SQMCI for State of the Environment monitoring and discussion, and in this
report, emphasis is placed on the MCL

2.4.4 MCI Classification

A refinement of Stark'’s classification (Stark, 1985, Boothroyd and Stark, 2000; and Stark and Maxted, 2007)
has been made in order to grade the biological 'health’ based upon MCI and SQMCI ranges. This
classification system is presented in Table 3.

Table 3 Generic MCI gradation of biological water quality conditions adapted for Taranaki streams
and rivers
. Stark’s
TRC Grading MCI SQMCI Colour Code .
classification
Excellent >140 >7.00 _
Excellent
Very Good 120-139 6.00-6.99
Good 100-119 5.00-5.99 Good
Fair 80-99 4.00-4.99 Fair
Poor 60-79 3.00-3.99
Poor
Very Poor 0 s [N

This adapted system is considered to provide more resolution of stream ‘health’, in the context of more
precise upper and lower MCI and SQMCI score bands, than the earlier grading classification (Stark and
Fowles, 2015). Despite the acknowledgement that the boundaries between grades may be fuzzy (Stark and
Maxted, 2007), classifying the data into grades can assist with the assessment of trends in long term
temporal data.

When the same number of replicate samples are collected per site, it is possible to use the detectable
difference method to assess the significance of MCI score differences. Stark (1998) provides statistically
significant detectable differences for the protocols used by TRC (10.8 MCI units). Therefore, if the difference
between MCI scores is greater than ten units, then the scores can be considered significantly different. In
practice, this means a result more than 10 units above a score is regarded as significantly higher, and a
result more than 10 units below a score is significantly lower. Between-season and long-term median MCI
scores and/or taxa richness may also be compared using t-tests (Stark and Maxted, 2007).
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245 Predictive measures using the MCI
Measured MCI values at each site are compared against two separate predictive models.

The first model establishes a relationship between MCI scores and the distance of ringplain sites from the
National Park boundary. The resulting empirical model for MCI in ringplain streams/rivers is:

MCI = 131.717 - 25.825 logio D [where D = distance from source (km)]

This model is based upon more than 2400 TRC surveys, including around 300 ringplain ‘control’ sites, with
data collected over the period 1980 to 2008. This generic predictive relationship has a margin of error of
+10 units (Stark and Fowles, 2009).

Leathwick et al. (2009) has also developed a model for predicting MCI scores, based upon the River
Environmental Classification (REC) system for New Zealand rivers and streams (Snelder et al, 2004). The REC
classifies and maps river and stream environments in a spatial framework for management purposes. It
provides a context for inventories of river/stream resources and a spatial framework for effects assessment,
policy development, developing monitoring programmes, and interpretations of state of the environment
reporting.

2.5 Trend analysis

State of the environment (SEM) macroinvertebrate data collected under standard TRC programme
protocols, over the full twenty-four year (1995-2019), and last ten-year (2009-2019), periods, are analysed
for trends over time. The MC], a surrogate for stream health, is used as the most appropriate index for the
assessment of time trends (following Stark and Maxted, 2007).

MCI trend data is first visually inspected using a scatter plot of MCI data vs time, with a LOWESS [Locally
Weighted Scatterplot] fit (tension of 0.4) implemented to create a smoothed, moving average trend line.

The MCI data, for sites that have a minimum of ten-years continuous data, is then statistically analysed for
trends over time using a Mann-Kendall test, followed by false discovery rate (FDR) analysis (Stark and
Fowles, 2006). The significance of a site’s trend (i.e. the strength of the trend) is assessed according to the
statistical probability of occurrence (p-value), with comparisons between sites valid so long as similar
numbers of samples have been collected for analysis at each site. This has been the case with the TRC
programme. A Kendall tau coefficient is also produced, which indicates whether the trend is positive or
negative, and gives a measure of the magnitude of the trend.

A trend may be statistically significant but have no ecological importance, or vice versa. The assessment of
ecological importance may be made using the best professional judgment (BPJ) of a freshwater ecologist
who has knowledge of the region’s rivers and streams. However, it is likely that the strongest trends (lowest
p-values) also have the greatest ecological importance.

To place these trends in perspective, each site may be categorised into graduations (bands of MCI values)
of stream health. In this instance, Stark’s (1985) categories have been refined (using BPJ), as illustrated in
Table 3 in Section 2.2.1.2 (Stark & Fowles, 2015).

128



Policy and Planning Committee - Annual Freshwater Ecological Monitoring (macroinvertebrate) 2018-2019

10

3 Results and discussion

3.1 Flows

Hydrological flow recorders continuously monitor water levels in the Mangaoraka, Waiongana, Punehu, and
Kapoaiaia, Waiokura Streams, and the Waiwhakaiho, Manganui, Patea, Mangaehu, Waingongoro,
Kaupokonui, Waitara, and Whenuakura Rivers. The proximity of previous freshes (elevated flows), for each
site surveyed, are summarised in Table 4. Flow assessments are extrapolated from nearby catchments for
sites where flow recorders do not exist.

Table 4 Duration since freshes at sampling sites in the 2018-2019 SEM biomonitoring programme
Spring survey Summer survey
River/stream Site (days after flow above) (days after flow above)

3 xmedian 7 xmedian 3 xmedian 7 x median

Hangatahua (Stony) R | Mangatete Road (13) (13) (25) (74)
Hangatahua (Stony) R | SH45 (13) (13) (25) (74)
Herekawe S Centennial Drive 9) (51) (97) (97)
Huatoki S Hadley Drive 9) (51) 97) 97)
Huatoki S Huatoki Domain 9) (51) 97) 97)
Huatoki S Molesworth St 9) (51) 97) 97)
Kapoaiaia S Wiremu Road 13 13 63 63

Kapoaiaia S Wataroa Road 13 13 63 63

Kapoaiaia S Near coast 13 13 63 63

Katikara S Carrington Road (13) (13) (25) (74)
Katikara S Near mouth (13) (13) (25) (74)
Kaupokonui R Opunake Rd 17 31 49 182
Kaupokonui R U/s Kaponga oxi ponds 17 31 49 182
Kaupokonui R U/s Lactose Co. 19 31 49 182
Kaupokonui R Glenn Rd 19 31 49 182
Kaupokonui R Beach 17 31 49 182
Kurapete S U/s Inglewood WWTP 9) (51) (172) (172)
Kurapete S 6 km d/s Inglewood WWTP 9) (51) (172) (172)
Maketawa S Opp Derby Road (10) (11) (34) (76)
Maketawa S Tarata Road (10) (11) (34) (76)
Mangaehu R Raupuha Road 45 90 93 162
Manganui R SH3 10 10 34 34

Manganui R Bristol Road 10 10 55 76

Mangaoraka S Corbett Road 9 51 161 161
Mangati S D/s railway line (11) (12) (100) (101)
Mangati S Te Rima PI, Bell Block (11) (12) (100) (101)
Mangawhero S U/s Eltham WWT Plant (27) (129) (50) (260)
Mangawhero S D/s Mangawharawhara S (27) (129) (50) (260)
Mangorei S SH3 (10) (11) (161) (161)
Patea R Barclay Rd 10 11 90 127
Patea R Swansea Rd 10 11 90 127
Patea R Skinner Rd 10 11 90 127
Punehu S Wiremu Rd 9 35 65 65

Punehu S SH45 9 35 65 65
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River/stream

Tangahoe R
Tangahoe R
Tangahoe R
Timaru S
Timaru S

Waiau S
Waimoku S
Waimoku S
Waingongoro R
Waingongoro R
Waingongoro R
Waingongoro R
Waingongoro R
Waingongoro R
Waiokura S
Waiokura S
Waiongana S
Waiongana S
Waitara
Waitara
Waiwhakaiho R
Waiwhakaiho R
Waiwhakaiho R
Waiwhakaiho R

Whenuakura R

NB: () = extrapolation from nearby catchment

Site

Upper Valley
Tangahoe Valley Road
D/s railbridge
Carrington Road
SH45

Inland North Road
Lucy's Gully

Beach

900m d/s Nat Park
Opunake Rd

Eltham Rd

Stuart Rd

SH45

Ohawe Beach

Skeet Road

Manaia Golf-Course
SH3a

Devon Road
Autawa Road
Mamaku Road
National Park

SH3 (Egmont Village)
Constance St (NP)

Adjacent Lake Rotomanu

Nicholson Road

11

Spring survey

(days after flow above)

3 x median

O ©

)
)
)
)
)

17
17
11
11
11
11
10
10
10
10

29

7 x median

D
NN

=

vl

(
(
(
(
(
(
(
(

(360)
(360)
11
11
90
12
10
10
11
11

42

Summer survey

(days after flow above)

3 x median

124
124
(98)
(98)
31
31
55
95
15
15
16
16

51

7 x median

117)
117)
117)
(74)
(74)
(161)
(97)
(97)
187
187
182
182
129
129
(511)
(511)
72
72
174
97
64
64
82
82
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Flow protocols prevent sampling within seven days after a 3x median fresh or ten days after a 7x median

fresh, as higher flows disturb community composition and abundance. For this monitoring period, spring

surveys were performed 9 to 45 days after a moderate fresh (> 3x median flow), while the summer 2019

surveys were undertaken 15-172 days after a moderate fresh.

3.2 Macroinvertebrate communities

Lists of the taxa found during spring 2018 and summer 2019 surveys, together with taxa richness, MCI
scores and other appropriate indices for each site can be found in Appendix II. These results are discussed

below, on a stream-by-stream basis, for the sites and seasons (spring and summer) in which the surveys

were conducted. The data from previous surveys is also presented for each site, and results to date are
illustrated as appropriate.

3.2.1 Hangatahua (Stony) River

The Hangatahua (Stony) River is a ringplain river whose source is located within Egmont National Park. The

lower part of the river has a very narrow catchment and generally good water quality. There are two sites

monitored for SEM purposes on the Hangatahua (Stony) River.
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In the winter of 1996 a massive drift of sand moved down the Hangatahua River, following a major erosion
event in the headwaters of the river. This devastated macroinvertebrate communities, with few
macroinvertebrate taxa found in the river in the spring of 1996 (Figure 2 and Figure 4). Since then sand has
continued to affect the macroinvertebrate communities of the river, although some recovery was observed
in the communities in March and November 1997, January and February 1999, late 2000, and again in 2002-
2003. At these times greater numbers and varieties of macroinvertebrates were recorded on the riverbed.
The very high MCI score of 160 recorded at SH45 in November 1998 (Figure 2) was the result of a
community consisting of only one taxon (and just a single individual) which was highly sensitive to
pollution. The MCl is not a good indicator of water quality when only a small number of taxa are present
and is not typically the index used to assess the impacts of sedimentation in stony streams. However, the
MCI has some value in the assessment of recovery of the faunal community with time and has some value
in trend evaluation.

A further massive sand drift moved down the river following very heavy February 2004 rainfall and
significant flood flows in late February, some three weeks prior to the summer 2004 survey. An additional
survey was performed in late winter 2004 to document the continuing effects of sand/sediment drift (see
Figures 2 and 3), some three months prior to the late spring survey. Further erosion effects occurred in late
2006 delaying the spring 2006 survey and during the latter months of 2007 while significant sand and
scoria bed scouring and sedimentation occurred down the river in mid-year and again in spring 2008
delaying the ‘spring’ survey until early in 2009. No large-scale significant headwater erosion events were
recorded between spring 2009 and summer 2014 but there was a headwater erosion event in February
2014. There have been no major headwater erosion events since February 2014 though minor bed scouring
and sedimentation effects continued to impact during the 2018-2019 period.

3.2.1.1 Mangatete Road site (STYO00300)

3.2.1.1.1 Taxa richness and MCI

Forty-four SEM surveys have been undertaken in the Stony River at this mid-reach site between October
1995 and February 2019. These results are summarised in Table 5, together with results from the current
period, and illustrated in Figure 2.

Table 5 Results from SEM surveys performed in the Stony River at Mangatete Road together with
2018-2019 results

SEM data ( 1995 to February 2018) 2018-2019 surveys
Site code No of Taxa numbers MCI values Oct 2018 Feb 2019
Surveys  Range Median Range Median Taxano MCI Taxano MCI

STY000300 44 1-21 10 64-140 112 13 109 16 108
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SEM: Number of taxa and MCI values in the Hangatahua River (Stony)
at Mangatete Road (STY000300)
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Figure 2 Numbers of taxa and MCI values in the Hangatahua (Stony) River at Mangatete Road

A wide range of richness (1 to 21 taxa) has been recorded as a consequence of extensive headwater erosion
impacts on the river's communities with a historical median richness of only 10 taxa, far fewer than might
be expected for a ringplain river site at this altitude (160 masl). In the 2018-2019 period, richness was
higher than the median, indicative of lessening erosion impacts of scouring, finer sediment deposition, and
bed movement.

There are significant limitations when using the MCI for community compositions affected by
sedimentation and erosion events (e.g. scores show considerable significant variability when relatively few
taxa are present). Values at this site have ranged widely between 64 and 140 units with a historical median
MCI value of 112 units. The spring and summer scores were not significantly lower than the historical
median. The summer score categorised this site as having ‘good’ health (Table 3). The median MCI score
placed this site's river health in the ‘good’ category. The paucity of the communities in terms of richness in
particular must be taken into account at the site, where headwater erosion effects have been very
pronounced and the substrate remains relatively mobile and well scoured.

3.21.1.2 Predicted river 'health’

The Stony River at Mangatete Road is 7.3 km downstream of the National Park boundary at an altitude of
160 masl. A relationship for ringplain streams developed between MCI and distance from the National Park
boundary (Stark and Fowles, 2009) predict a MCI value of 109 for this site. The historical site median was
not significantly different (Stark and Fowles, 2009) to the predictive value. The spring 2018 and summer
2019 survey scores were also not significantly different to the predictive value. The REC predicted MCI value
(Leathwick, et al. 2009) was 128 units. The historical site median was significantly lower than this value but
the scores recorded in the year under review were both not significantly different.

32113 Temporal trends in data

A LOWESS trend plot with a moving average (tension 0.4) trendline was produced for the full dataset
(Figure 3). A non-parametric statistical trend analysis of the MCI data using the Mann-Kendall test was then
performed on 24 years of SEM results (1995-2019) and the most recent ten-years of results (2009-2019)
from the site in the Stony River at Mangatete Road.
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Figure 3 LOWESS trend plot of MCI data at Mangatete Road site for the full
dataset with a Mann-Kendall test for the full and ten-year dataset

Although a decreasing trend in MCI scores has been found for the full dataset, particularly over the first six
years, this trend was close to being statistically significant after FDR application and continued deterioration
in the future will likely produce a statistically significant trend. The trendline at this site has a range of MCI
scores of about 15 units indicative of some important ecological variability over the period, not surprisingly
given the erosion effect documented earlier and further emphasised by the wide range of individual scores,
particularly since 2004. Overall, the trendline shows ‘good’ generic river ‘health’; deteriorating slightly from
‘very good’ (prior to 1997). However, the majority of the variability was caused by severe headwater erosion
events at varying intervals over the period.

A slight negative trend in MCI scores has been found at this site for the ten-year dataset. However, this has

not been statistically significant. Overall, the ten-year trendline shows ‘good’ generic river ‘health’.

3.2.1.2 SH 45 site (STY000400)

3.2.1.2.1 Taxa richness and MCI

Forty-four surveys have been undertaken in the Stony River at this lower reach site between October 1995
and February 2018. These results are summarised in Table 6, together with results from the current period,
and illustrated in Figure 4.

Table 6 Results from SEM surveys performed in the Stony River at SH 45 together with 2018-2019
results
SEM data (1995 to February 2018) 2018-2019 surveys
X Taxa numbers MCI values Oct 2019 Feb 2019
Site code No of
Taxa Taxa
surveys = Range Median Range Median McI McI
no no

STY000400 44 0-18 9 0-150 108 13 118 16 110
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SEM: Number of taxa and MCI values in the Hangatahua River (Stony)
at SH 45 (STY000400)
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Figure 4 Numbers of taxa and MCI values in the Hangatahua (Stony) River at SH 45

A wide range of richness (0 to 18 taxa) has been recorded mainly as a consequence of extensive headwater
erosion impacts on the river's communities, with a median richness of only nine taxa, far fewer than would
be expected for a ringplain river site at this altitude (70 m asl). In the 2018-2019 period richness was
moderately low with only 13 and 16 taxa recorded in spring and summer respectively suggestive of
continuing but not severe erosion impacts of scouring, finer sediment deposition, and bed movement at
this site.

There are significant limitations when using the MCI for community compositions affected by
sedimentation and erosion events (e.g. scores show considerable variability when relatively few taxa are
present). Values at this site have ranged widely between 0 and 150 units with a median MCI value of 110
units. The MCI scores for the spring 2018 survey (118 units) and summer 2019 survey (110 units) were not
significantly higher than the historical median (Figure 4). The score categorised this site as having ‘good’
health (Table 3). However, the paucity of numbers and richness should be recognised in this assessment
given the historical impacts of headwater erosion effects along the length of the river channel and the
persistently high rainfall that occurred preceding this survey.

3.21.2.2 Predicted river 'health’

The Stony River at SH 45 is 12.5 km downstream of the National Park boundary at an altitude of 70 m asl.
Relationships for ringplain streams developed between MCI and distance from the National Park boundary
(Stark and Fowles, 2009) predict an MCI value of 103 for this site. The spring score was significantly higher
than (Stark, 1998) the distance predictive value. The historical median, spring and summer scores were not
significantly different to the REC predicted score (Leathwick, et al. 2009) of 115 units.

3.2.1.23 Temporal trends in data

A LOWESS trend plot with a moving average (tension 0.4) trendline was produced using the full dataset
(Figure 5). A non-parametric statistical trend analysis of the MCI data using the Mann-Kendall test was then
performed on 24 years of SEM results (1995-2019) and the most recent ten-years of results (2009-2019)
from the site in the Stony River at SH 45.
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Figure 5 LOWESS trend plot of MCI data at SH 45 site for the full dataset
with a Mann-Kendall test for the full and ten-year dataset

A slightly increasing trend in MCI scores over the period has not been statistically significant. The trendline
at the site has a MCI range of about 16 units indicative of some important ecological variability over the
period for the same reasons as those responsible for variability at the upstream site (Mangatete Rd). This
was a similar trend to that found at the upstream mid-reach (Mangatete Road) site. Greater variability in
scores has been apparent since 2004 with the majority of the variability in MCI scores associated with
headwater erosion events. Overall, the trendline shows ‘good’ generic river ‘health’.

There has been a minor negative trend in MCI scores over the ten-year period which was not statistically
significant. Overall, the trend line shows ‘good’ generic river ‘health’.

3.2.1.3 Discussion

Due to the major influence of historical and relatively frequent headwater erosion events, scouring, and
instability of the river bed; seasonal and spatial differences in macroinvertebrate communities in the Stony
River often have not been as abundant or diverse as elsewhere in ringplain streams.

Taxa richness at both sites were moderately low but slightly higher than historic medians. Thi