environment

£ 3) To i

Te Taiao Tonga

Southland lakes: Classification, attributes ant
state assessment

Values and Objective$echnical Report

March 2020

Dr Keryn Roberts

PublicationNo 2020-01
ISBN N®78-0-90904361-2



Document Quality Control

Environment

Southland Division: Science, Strategy and Investigations

Southland lakes: Classification, attributes and s| PublicationNo: 2020/01

Reportreference: | Title: | oo sessment ISBN No 9780-90904361-2
Prepared by: Dr Keryn Roberts, Environmentaliéhtist¢ Estuaries and Lakes
Reviewed by: Nick WardES)Karen Wilson (ESYed Norton(LWBP

Approved for issue

by: Wilma Falconer, General Manager Strategy and Engagement

Date issued: 25 November 2020 Project Code: 040651401.940

Document History

Version: Status:
Date: November2020 Doc IDA575747 Final (version 1)
Date: March 2020 Doc ID: Draft for peer review

This report has been prepared in gofaith within time and budgetary limits.

Recommended citation:

Roberts, K. [2020). Southland lakes: Classification, attributes and state assessniEmtironment
Southlandpublication number 202@1, Environment Southlandnvercargill. 1SB8I78-0-90904361-
2.

© All rights reserved.

This publication may not be reproduced or copied in any form, without the
permission of Environment Southland.

This copyright extends to all forms of copying and any storage of material in any kind of
information retrieval system.




Executive Summary

Environment Southlanénd Te Ao Marama (TAMI) have, through their People Water and Land
programme, embarked on a communitinvolved process tdurther develop the approach to
managing land and water in the regiorThis has included community engagement to support the
development of community values and freshwater objectives, and the formation of Regional Forum
to help develop limits and both reg¢atory and noAregulatory methods to achieve them.

The purpose of this report is to contribute to the process of developing draft freshwater objectives for
O2yaARSNI GA2Y 08 9YODBANRBYYSYy( {2dziKflyRQA /[ 2dzy OAf
of a number of supplementary reports and memos that contribute to the report titl2elveloping

Draft Freshwater Objectives for Southlafibrton and Wilson, 2019) an€urrent Environmental

{GF3S FyYyR GKS aDI L¥E G2 5N Flortehkitas 2089). 1 SNJ ho 2SO0 A ¢

This report explains:

1 The rationale for thelake classification proposed to be used in developing freshwater
objectives in Southland:

1 A description of thdake attributesproposed to be used for numeric freshwater objectives,
tosdzLILI2 NI G KS @FfdzSa 2F WlidzyYly | SHEGK FT2N wSO
the associated attribute state option tables; and,

1 A summary of the tabulation of data useddssess attribute statdor 2010, 2016 and 2019
(current state).

Once theprocess for establishing freshwater objectives for Southland has been completed, it is

recommended that a review of the Southland lake monitoring programme be undertaken to ensure it
aligns with any changes in approach to the management of land and imatez region.
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1 Introduction

Environment Southlandnd Te Ao Marama (TAMI) have, through thi&sople, Water and LangiTe
Mana ote Tangata, te Wai, te Whenua programneenbarked on a communitinvolved process to
further developthe approach to managing land and water in the regidrnis has included community
engagement to support the development of community values and freshwater objectives, and the
formation of Regional Forum to help devellipits and both regulatory and neregulatory methods

to achieve them.

The Rople, Water and Langrrogramme has three workstreans 2y S 2F gKAOK Aa
ho2SOlABSaQd ¢ KS 20 2 GiSdialvaleBesLof freshiaked andst@ dédene § NS | Y
the O2YYdzyAleQa @l tdzsSa FyR FNBaAKglIGSN 202S8S00GA0Sa
National Policy Statement for Freshwater Managem@ISPFM The outputs from this workstream

FNBE 1S@& 02YLRyYySyida F2N (KS 2CGXNDNY Qi 622 Na| 238NI NSNS |- gy
community group providing Council and Te Ao Marama board members on methods and timeframes

G2 FOKAS@GS (KS O2YYdzyAlGASaQ FALIANIGAZ2YyE F2NJ FNB:
whose goal is to enable and suppohiamge at the farrrto-catchment scale.

This report is part of a package of work being prepanedugh theValues and Objectives workstream.
Specifically, this report is part of supplementary material that has been produaaahtabute to the

reports titled: Developing Draft Freshwater Objectives for Southi@Natton and Wilson, 2019) and:

/| dZNNByYy i 9y @ANRYYSydGlrt {4G1rdS FyR (GKS (Nbokdnkt G2 5 NJ
al., 2019).

1.1 Report purpose

The purpose of this report is to describe the technical basis for the lake components used in Norton
and Wilson (2019) and Nortaat al.,, (2019). This work covers three key areas:

1. Lake classificationThe rationale and description of the lakias®s prgosed to be used in
developing freshwater objectives in Southland

2. Attributes: In addition to specifying national compulsory attributes, the MRErequires
councils to develop attributes appropriate for their region to use when setting freshwater
objectives. This report describes how lake attributes have been selected to help describe the
Gl tdzSa 2F WKdzyYty KSIf K #F2KDNDB NS RIAARY I YR U
how attribute state option tables have been developed to support the setting of freshwater
objectives for Southland lakes (see Norton and Wilson, 2019).

3. Asses@g attribute state: The NP$M requires regional co@A f & G2 WYIFAYyGl Ay
water quality in their regions. Therefore, as part of the process for developing draft freshwater
objectives, an assessment of attribute state was required. This report explains the data used
and how it has been tabulated toform attribute state for three time periods: 2010, 2016
and 2019 (current state) (see Norteh al, 2019)

1The NP$M was first released in 2011 and amended in 2014 and 2017. Unless otherwise stated, this report refers to the
2017 version of the NPEM. The NREM was furthemmended in 2020, after this report was first prepared.

2 Theattributes used in this report are likely to support additional values, such as threatened species and mahinga kai (both
introduced as national compulsory values in the NHR& 2020), however atibute applicability to other values, and
additional attributes that may be required to support other values, have not been considered in this report. This may be
part of further work considering the implications of the NIF@ 2020 to the Values and Objees package prepared under

the NPSFM 2017.
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1.1 Where this report fits in the process

¢CKA& NBLERNI Aa LI NI 2F adzld SYSyGlFNE YFGSNRFE GK
ayR ho2SOiABSaQ 62N]JaidNBlrY Ay (GKS tS82L) Sz 2 GSNJ

1 Lakeclassificationlakeattributes and attribute state tables were used in theveloping Draft

Freshwater Objectives for Southlamgbort (Norton and Wilson, 2019) and;
1 Assessment oftaibute state for three time periods were used in ti@irrent Environmental
{GF4GS YR GKS aDI L¥ (2 5 NI FréportGNaBoaet all2018)NJ h 6 2 S C

It is noted that these reports in turn were used in the third iteration of theftdrashwater objectives,
where the above community workstream was woven together with the iwi values and objectives work,
to derive a combined set of draft freshwater objectives that provide for hauora, the health and well
being of waterbodies in SouthldrMurihiku (hauora being a requirement of Te Mana o te Wai in the

NPSFM) (Bartlettet. al, 2020).
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2 Lake classification

2.1 Existing lake classes in regional plans

The Regional Water Plan for Southland (2010) introduced surface water body classes widtesdso
water quality standardshat were taken through largely unchanged into theoposed Southland
Water and Land Plan (pSWA.Ahe classes identified for Southland lakes are:

Natural State;

Mataura 3 (from the Water Conservation (Mataura River) Ofi@®£7);
Lowland/Coastal Lakes and Wetlands;

Hill Lakes and Wetlands; and,

Mountain Lakes and Wetlands.

=A =4 =4 =8 =4

A summary of how the current lake classes have been defined and issues that have arisen with these
classesre presentedn

Tablel.

3 Unless otherwise stated, the pSWLP referred to in this report is the Decisions velsipril2018.
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Tablel: Summary of current regionglan lake classes and issues

Current lake class definition \

Issues with lake class definition

Natural state

The glossary in the pSWLP defines natural state ¢
Natural state watergfor water quality purposes)
Waters within:

(a) areas defined as National Park managed under
National Parks Act 1980 (including land for the ti
being administered as if it was a national pg
pursuant to any statute or written agreement wi
the owners); and

(b) public conservation land maned) under the
Conservation Act 1987 and the Reserves Act 197

RSGFAESR Ay ¢lofS ™ a
bFrGA2Yy It tIFN]&aé¢ Ay ! LI
2dziaARS bl GA2YyIf tINJa

Issue:The class includes some locations, such as Lake George/Uruwera, that despite the lak
GAGKAY | O2yaSNBIFGA2Y NBIF Al Aa y24 Ay |
conservation area and therefore there has been historical amdenti land use change that hg
impacted the lake. For some attributes Lake George/Uruwera is considered degraded due to m
catchment land use and historical sediment infilling.

Recommendatiorizake George/Uruwera should be included in Lowland shdd&e class. The natur
state rule should include lake and lake catchment area.

Issue:The class does not include some locations in Fiordland that would be in a catchment v
RSOSt2LIVYSYyld YR g2ddZ R tA1Ste FAG Ayidz | wy
RecommendationCapture these areas in the objectives set for the Fiordland and Islands FMU.

Issue:lslands in Foveaux Strait are not in the current mapped classification which include son
and estuary systems e.g. Ruapuke Island has Waitokarirmhagmw Tauatemaku Lagoon these lal
are not classified on FENZ.
Recommendationinclude these islands in the updated GIS mapping of lakes and include thesg
and estuaries in the Fiordland and Islands FMU.

Mataura 3

The Water Conservation (Mataurav&) Order 1997
was established to provide for outstandifigheries
and angling amenity features throughout much of t
Mataura and Waikaia River catchments. It establis
water quality standards forthree surface water
classeghat apply to allsurfacewater bodies inthe
specified catchment areas. Lakes are included in
Mataura 3 classwhich covers the majority of thi
Order area (Mataura 1 and Mataura 2 classes

associated with point source discharges).

Issue:The Mataura 3 classification is hdased on the physical characteristics of lakes (mixing
depth) that would influence water qualitgnd the attributes included in the water quality standar
are set for rivers and are nalirectly applicable to lakes.

Recommendationtakes withinhis area should be classified into appropriate lake types that are b
on both elevation and mixing conditiand lake specific attributes should be selected.
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Current lake class definition

Issues with lake class definition

Lowland/Coastal Lakes an/etlands

There is no readily available documentation how
this class waslefined or mappedFrom the limited
information availableit has been assumed that th
lowland classification is based on the source flow
rivers in the REC classification syst i.e. >50% 0
rain occurs <400m based on the source flow

The addition of wetlandsto this class occurred durin
the submissions and council decisjogrt of the plan
process

Issue:The class does not account for brackish lakes and lagoons whichebeiffarently to other lakeg
in the class.

Recommendation:Adopt new lakeclass for backish lakes and lagoons, which is inclusive
Intermittently Closed and Open Lake and Lagd@®(Ls

Issue:The classificatiois based on geographical location atwks not adequateldifferentiate on the
basis of physical characteristics (e.g. mixwigich can have a significant influence on water quality
ecologyin lakes

Recommendation: Adopt new lakeclasses that diffemtiate lakes according to water quality ai
ecological susceptibility (e.g. byeeation and mixing conditiofausing the approach taken in th
development of attributes for the NPEM (seesection 2.2in this report)

Issue:Wetlands do not behave in the same way as lakes and therefore should not be incluted
lakesclassification.

RecommendationWetlands should be defined in their own claggh their own attributes.

Hill Lakes and Wetlands

There is no readily available documentation loow
this class was defined or mappdeérom the limited
information available it has been assumed that t
hill classification is based on the source flow for riv
in the REC system. i.e. >50% of rain ocbet&/een
400 and 1000m based on source flow.

The addition of wtlandsto this class occurred durin
the submissions and council decisioart of the plan
process (as above)

Issue:The classificatiois based on geographical location and does not adequditigrentiate on the
basis of physical characteristics (e.g. mixwgich can have a significant influence on water quality
ecologyin lakes

RecommendationAdopt new lakeclasses thadifferentiates lakes according to water quality a

ecological susceptibility (e.g. byeeation and mixing conditiofausing the approach taken in th
development of attributes for the NPSM (seesection 2.2in this report)

Issue:Wetlands do not behee in the same way as lakes and therefore should not be includdzbi
lakesclassification.

RecommendationWetlands should be defined in their own claggh their own attributes.
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Current lake class definition

Issues with lake class definition

Mountain Lakes and Wetlands

There is no readily available documentation on h
this class was defined or mapped. From the limi
information available it has been assumed that {
Mountain classification is based on the source fl
for rivers in the RE€lassification system. i.e. >50%
rain occurs >1000m based on the source flow.

The addition of wtlandsto this class occurred durin
the submissions and council decisjogrt of the plan
process (as above)

Issue:The classificatiois based on geographical location and does not adequdiffgrentiate on the
basis of physical characteristics (e.g. mixwgich can have a significant influence on water quality
ecologyin lakes

RecommendationAdopt new lakeclasses that diffenatiates lakes according to water quality a
ecological susceptibility (e.g. byeeation and mixing conditiopausing the approach taken in th
development of attributes for the NPSM (seesection 2.2in this report)

Issue:Wetlands do not behave in the same way as lakes and therefore should not be inclutied
lakesclassification.
RecommendationWetlands should be defined in their own claggh their own attributes.
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2.2 Proposed lake classes

Five lake classes are proposed to replace the existing ones descrisgdiam 2.1, for the purposes
of setting freshwater objectives:

Natural State;

LowlandShallow Lakes;
UplandShallowLakes;
BrackishLakes and.agoons; and,
Deep lakes.

=A =4 =4 =8 =4

2.2.1 Natural Sate

TheNatural Sate class habeen throughseveralplanning and decisions processandas a resultit

is not recommended that this classification is modified. However, it is recommended for this
classification to be applied to lakes, thake and itscatchment areanust comply withthe natural

state (water quality)definition of National Park or Conservation lafsée Glossary in pSWLP)

Thenatural state water qualitefinition implies that the waterbody is under referencenditions
and that the naural quality of the water should not be altere&challenberg (2019) defined New
Zealand reference lakes as those with combined high ecological infeigrilgke catchments with
more than90% native vegetation cover. This study analysed data from séVevalZealand lakes and
highlighted the importance of considering both the lake itself and the lake catchment.

Currently, there areNatural Sate lakes identified in the pSWLP whose catchment area contains
considerably less than 90% native vegetation cpgaad includes modified and developed langor

example, Lake Georgel NHzg SNI Aada ARSYGATFTASR Fa Wbl ddaNI € {GF
Appendix | in pSWLP) due to government purpose reserve land around the lake, but excludes
tributaries flowinginto Lake George. Only the lake itselinighin conservation landvhile the lake

catchment area is modified and supports intensive land use. résuét,the lake is ira declining state

and cannot be considererepresentative of an unimpacted systerit.is recommended that the

mapping of the natural state lakes class be redone using the existing criteria, but expanded to apply

to the lake catchment area in addition to the lake itself, and that this includés Georg&ruwera

being reclassified aslawland Shallow Lake.

2.2.2 LowlandShallow Lakes

Shallow freshwater lakes are polymictic meaning the water column is vertically mixed throughout the
year and they are generally less than <15m in deg8challenberg2019; Verburg2012). Some
shallow freshwagr lakes can briefly show weak stratification events, however for the most part of the
year they exhibit vertical mixing. Because the water column is well mixed there is a strong interaction
between sediment process and the water column. The shallow dégt also result in large
temperature rangesver aseasonal cycle and warming during gwenmermonthswhichcan lead to
increased productivity within the system.

Shallow freshwater lakes in good condition generally exhibit good clarity because theynaireated
by aquatic macrophytes, however wind driven mixing can lead to resuspension of the sediments and
turbid waters (Schallenberg, 2019).

4 Ecological integrity: includes four key components that define a healthy lake ecosystem. NativasgssnBss, Diversity
and Resilience (Schallenberg, 2019)
515m depth refers to the maximum lake depth that is recorded in FENZ, unless it the lake depth is known.
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Shallow lakes defined as lowland are below 300m elevation (Verburg 2012), in general lower
elevations catchmentare more developed and therefore lakes in this category are more likely to be
under pressure.

river inflow

Figurel: Conceptual diagram of bowland Shallow Lake

2.2.3 Upland Sallow Lakes

Upland Shallow Lakes have the same mixing characteristics as Lowland Shallow Lakes (see section
2.2.2) and are locateabove 300m elevation (Verburg, 2012Jhehigher elevationsnean these lakes

are generallyless developed and therefore lakes in thisegpry are likely to be under less pressure

from intensive land use practices. Upland lakes are subject to differing rainfall patterns, lower
temperatures and dfering humidity to bwland Shallow bkes.

river inflow

"
/‘/_\_,_\ e

Figure2: Conceptual digram of an Upland Shallow lake.

2.2.4 Brackish Lakes andajoons

Brackish &kes and.agoons are influenced by the marine environment, either directly through tidal
exchange or indirectly. These systems are influenced by the marine environment through not only
salinity but also lake level, flushing, mixing and stratification. Bragkasérsare waters that fit within

the salinity rangen ®p (i @&hdavesdefined in Hume et 2(2016) as water that is in between fresh

(< 0:5 )andseawater(30-50: ).

SomeBrackish Lakes andidgoons can experience long periods of mouth closure, which reduces
dilution from seawater and increases the residence time of the lake. During this time the salinity
decreases and the residence time increases resulting in increaseepsibgity to nutrient retention

and eutrophication. Under these conditions excess phytoplankton granthreduced macrophyte
growth are characteristieutrophication symptoms. When lakes remain open for extended periods of
time, these lakes behave mori&é estuaries and prolonged periods of high salinity can put pressure

Pagel5



on freshwater species including aquatic plants. These systems can vary behaeee and close to
freshwater salinities; a ebimiting situation between N and P is expected

lagoon

Figure3: Conceptual diagram of Brackish Lake ordgoon

2.2,5 Deep lakes

Deep lakes undergo seasonal stratification, this type of stratification is persistent and results in two
distinct layersa surface layer (déimnion) and the bottomlayer (hypolimnion) the stratification is
caused by a temperature differential between the surface and bottom layer known as the
thermocline.Deep seasonally stratified lakes have zones of productivity and decomposition thvéh

water column and sedimerfBchallenberg, 2019). There is reduced interaction between the sediment
and surface waters within these deep lakes because they are separated by light, temperature and
density gradients (Schallenberg, 2019).

In Southland temperature stratification geradly occurs in the summer months, when the surface
waters are warmed leading to a vertical density gradient. In autumn when the lake cools it induces
vertical mixing or turnover of the surface and bottom waters. The coupling between benthic and
pelagic praesses is weaker in deep lakes than in shallow lakes and therefor@anagement
purposes deep lakesre considered separately to shallow and brackish lakes.

river

{\ _

deep lake

Figure4: Conceptual diagram of Beep Lake.

2.3 Rational for proposedake classes

There is limited information on how the current lake classes were developed for the RWPS and pSWLP.
Itis assumed that the river and stream classification sysBEOvhich is relatively well documeet)

was used as the primary basis for i@rg the current lakeclasses (i.e. mountain, hill and lowland
lakes). The REC uses rainfall within elevation ranges to classify lakes into three categories; mountain,

61t is recommended that wetlands be separated from the lakes classification because these systems function differently and
therefore require different attributes and freshwater objectives. As such, wetlands are not discussed in this report.
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hill and lowland. Thislassificationapproachis based on geographical location addes not
adequately differentiate on the basis of physical characteristics (e.g. miximgich can have a
significant influence on water quality and ecolagylakes Hence, a new classification system has
been proposed as describedsection 2.2.

TheFreshwater Ecosystems New Zealand (FENZjafabase (Leathwick et.a2010) provides spatial
fr@8SNBR YR &dzLILRNIAY3I AYyF2NXYIGA2Y 2y bSé wSI
encompasses data from a wide range of sources but in principalfidasgaterbodies based on their
physical environment and biological character. The supporting information for lakes includes
characteristics on lake depth, elevation, residence time, volume and geomorphic type. In the
Department of ConservatiorDOG FENZ gedatabase there are over 900 lakes in the Southland
region that are larger than one hectarend). The najority of those lakes are freshwater lakes
however, there are somecoastal lagoon systems that are influenced by the marine environment
through mouth openings/ closures ather tidal influences such as water level and salinity changes.
These lakes have different characteristibattinfluence water quality ands sucha separate class

WYo NI O Aclasghastbeeh Frépsseds¢esection 2.2.4.

Geomorphic type is also an important feature to consider in classifying lakes. Seven geomorphic lake
types have been identified in Southland based on the information compiled in the FENZtgbase
(Leathwick et al., 2010). These types include iglaciverine, shoreline (coastal), landslide, peat,
aeolian and dam. Geomorphic type needs to be considered when classifying lakes because different
geomorphic types can lead to different physical, chemical and biological conditions. For example, peat
lakes are formed through the buidp of partially rotted plant material in wet environments. The peat
soils in these areas can have a significant effect on the physical, chemical and biological nature of the
lake, for example lower pH in the water column wheompared to other geomorphic types. It has
been acknowledged that peat lakes may not fit within the attributéteria developed for the
proposed lake classificatiqgeesection 3) There are a small number of peat lakes intBlamd that

are outside othe Natural Sate lake typeandit is proposed that for these systenen exception be
included for attributes whichwould naturally fall outside the criteria by including the following
footnote: dunless caused by natural perturbatiahs.

ltwas noted byii KS WwSLIR2 NI 2F (GKS DbldA2ylf hoaSOargSa CN
general, the effects of natural processes on water quality should be covered in the lvoaly
classification systemgh.ghis means it is important to categorise lakesdzhsn the natural processes

that would influence water quality such as mixing characteristics. Verburg (2012) considered lake size
as a key characteristic that effects water quality and hence it walbthes of the expert science panel

in their developmenm of the National Objectives Framework for lakes in the IRRIS Lake size
includinglakearea, depth and residence timeas explored using monitoring data that was nationally
availableat the time It was identified in this work that lake depth was the most important size factor
because it directly influenceithe lakes mixing regim@-igureb). As suchlakes wee classed into two
categories polymictic and stratified By default, dkes deeper than 15netres were considered
stratified and those less than 15 metres polymictithere were some exceptions to this rule for
example, Lake Rotorua is 45m deep and igrpaitic.Hence, fithe mixing condition is known it should

be classified in the appropriate mixing classspective of depth
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Shallow lake

Nutrients mix vertically within a lake or lagoon in different ways depending on depth. Shallow lakes and lagoons have a
water column that s relatively well mixed and even in temperature, resulting in nutrients being distributed throughout the
lake. When nutrient levels are high this can fuel the excessive growth of aquatic plants or microalgae across the whole lake.

Shallow lake with well mixed water column

Deep lake

In contrast, deep lakes can behave differently. During the warmer months deep lakes tend to have a layer of warm water
sitting on top of cooler deeper water. This separation can change the way in which nutrients are cycled in the two layers. In
the cooler months the temperature of the surface water drops and is similar to the cooler deeper water. This drop in surface
water temperature causes the water column to mix creating an even temperature in the water column.

o> ‘.‘ \ watar col sing
Q&nnh-pwn.h
o miding \
. s
Q-.‘t \\‘
~
—— \\ >
Deep lake - summer, stratification Deep lake - winter, no stratification

Figure5: Conceptual diagram of stratification and mixing dynamics in a walk shallow lake and a
seasonally stratified deep lake

[SourceEnvironment Southland Lakes Factsheet

2.3.1 ShallowlLakes Upland andLowland)

Shallav lakeshave beerseparated into two classes rather than the faurrentclasses in the pPSWLP

(see Table 2)In summary,heR S LJi K  Odzlii 2iFs&t atTs5m M3 diBcugsédiintsetin®?2.3 and

the elevation cut offoetween upland and lowland was determined to B@0 metres based on work

that suppored the development of the NRGa G/ t I 8AAFAOF GA 2y ohigred 206 2S Of
fl 1S5S4 6+SNDAZNHI HAMHUO P

Pagel8



Table2: Existing and proposetpland $allow Lakeand Lowland Shallow Lakdasses

Definition DA
pPSWLP class (Bource of Flowin REC) Proposed class (Mleng and
elevation)
Lowland/coastal | >50% of rain occurs <400m
lakes elevation Lowland shallow lakes <15m deep and
Hill lakes >50% of rain occurs between <300m elevation
400 and 1,000m elevation
. >50% of rain occurs >1,000m
Mountain lakes .
elevation <15m deep and
Part of the Masaura protected Upland shallow lakes b ar
. ) >300m elevation
Mataura 3 waters (defined in
Conservation Order)

Shallow lakes were separated into two categotiesvland and pland ShallowlLakesbecause climatic
conditions and catchment development are generally different in these regions. Uptaitbw bkes

are subject to differing rainfall patterns, lower temperatures and differing humidity. Lowdaaliow

Lakes generally have lower ecosystdiealth and habitat quality compared to upland sites because
they are impacted by multiple stressors such as water quality degradation from diffuse discharges
from urban and agricultural catchments, habitat degradation, and contaminated groundwater
(Envionment Canterbury Targets Review Report). The separation of shallow lakes into two classes will
also allow different objectives to be set for these lake types.

The literature presents several different elevation cut offs used for separating lowland paddu
freshwater environments:

SNBZ onnYZ A

T ¢KS StS@lrGAz2y Odzi 2FF LINRLERAaAaSR K
6+SNDBAZNHE HAMHO D

olFlyRa T2N) Y2YAG2NBR fI 1S540
development of attributes for the NPEM;

1 In contrast, Environment Canterbury has separated high country and lowland lakes using an
elevation cut off of 400m reported in Table 1 of Norton and Snelder (2003). This is closely
aligned with the river environment classification system that usesctiteria of > 50% annual
rainfall in the upstream catchment below 400m a.s.| (Snelder and Biggs, ;2002).

1 In an assessment of water quality in New Zealand Rivers Larned et al., (2016) classified river
lowland monitoring sites within a catchment elevatibalow 350m a.s.l. It was highlighted in
that study that high intensity agriculture and urban land cover accounts for ~60% of the land
cover below 350m a.s.lin New Zealand (LCDiBR),

9 The Australian and New Zealand Guidelines for Fresh and Marine \@atdity classify
Wi 26t YyRQ NAGSNI Y2YAG2NAYy 3T aA0Sa fmpnyY +o2@S

It is possible that when we work through the objectives and attributes that these two shallow lake
classes (upland and lowland) will be grouplkedwever this wi be assessed more thoroughly after the

lake classes have been applidthe classification for the NFFBA process resulted in grouping these
lakes based on their mixing state (polymictic), however it is reasonable to examine these lake types
separately and if similar thresholds are determined they can be grouped at a laterTded€final
elevation criteriafor separating lowland and upland lakes in the Southland region will need to be
explored further when going through tHaal lake typeclassificationit is possible the final elevation

cut off of 300m may differ from the current proposed elevation cide
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2.3.2 Brackish bBkes and.agoons

At present Brackish Lakes andagoons are grouped with freshwater lakes in tipSWLP
Lowland Coastal Lake classificationThe current classification system does not acc¢ofan the
influence of the marine environment on thghysical, chemical and biological nature of these lakes.
For example, Waituna Lagoon is a brackish lagoon systeristheone to mouth closures apenings

for prolonged period of time. This opening @ime @n alter the residence time, salinity and tidal
influence of ths system which can influence human and ecosystem health attrib@agently
Waituna lagoon and a similar systenbake Brunton are classified as Lowlar@bastal Lakes.
Objectives setdr Lowland/Coastal &kesor the new proposed dwland Shallow bBkesclass(see
section 2.2.2ill not be suitable for brackish systems.

Previously, the Estuary Trophic IndéXT) classified systems such as Waituna Lagoon and Lake
Brunton as Intermitteniy Closed/ Open Lake and Lagoon (ICOLLs). However, Hume et al., (2016)
suggested that these terms be treated with caution outside of Australia, where this classification was
first developed, because New Zealand conditions are different. Furthermore, @ld_I€lassification

does not include other brackish $gms such as Te Waewae (Waidu)1 2 2 y Z tylpe sisteinItz|
Waewae {Waial Lagoon is a lagoon connected Te WaewaeWaiay Estuary geeclassification in
Wardand Roberts2020)and experiences changes in water level due to tidal fluctuations and higher
than freshwater salinity>n @ p:': ¢ & [Té Wabwai(Waiad) Yagoon measured istate of the
envionmentY 2 Yy A G2 NAYy 3 dzLJ G2 p:0®

The BrackishLakes andLagoons classification wiinclude both traditional ICOLL systems and Te
Waewae (Waiau) Lagoon because they are both influenced by the marine environment to some
degree through salinity, tidal water level changes, flushing, mixing and stratification. When setting
objectives for sgtems that open to the sea there will need to be some consideration around state of
the system under both open and closed conditions, there is already some guidance ftmtahe
nitrogen and total phosphoruattributes in the NPE&M on how taapply attritutes to open and closed
conditions for thesdagoon types.

2.3.3 Deep lakes

At presentDeep Lakes are covered in the Hill and Mountain Lake classificatiche pSWLRnd

grouped with shallow lakes systems. Deep lakes go through annual stratification sind events

which affects the fundamental functioning of the lake (Schallenberg, 2019). In comparison to shallow
lakes there is reduced interaction between the sediment and surface waters because they are
separated by light, temperature and density gradg&enSchallenberg, 2019). Because of this
stratification regime these lakes behave very differently to shallow lakes and should be classed
accordingly, this is consistent with the approach taken in the development of lake types for the NPS

Ca G/ t | riand objgclve Bakhd® for monitoRe f | { S& ¢ 0 + S NInkizbliEeke net 1 MH U ©
separated into the subcategories of lowland and upland.

2.4 Mapping the proposed lake classes

The lakes classification system proposed in this report for the objective setticggwas simplified

and based on mixing dynamics and salinity status as described in sectiamd®2.3 The FENZ
classification system for lakes was not used due to its complexity. However, the supporting
information in the FENZ gedatabase such as depthnd elevation were used to support the
classification and mapping of Southland lakes
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The proposed lakes classes are based on depth (mixing characteristics), elevation (land use and climate
conditions) and salinity:

91 Natural State is defined in the pSR/lthe application of natural state should include the lake
and its catchment

1 LowlandShallow lakes are defined as lakes < 1&mil <300m surface elevation. These lakes
are generally polymictic (wethixed)

1 Upland Shallow lakes are defined as lakes <13a@800m surface elevation. These lakes are
generally polymictic (wehixed)

1 NI Ol AaK f I 1 &ndl ar§imfidepsed by the skayidh (i &

1 Deep lakes >15mand exhibitseasonal stratifiation

Using the above classificatiamiteria lakes were mapped in GIS using the Lakes layer in the FENZ

(Freshwater Environments New Zealam@dlo-database The lakes in the FENZ geodatabase were

reclassified based on the proposed lake types (natural state, shallow lowland lake, shallow upland

lake, deep lake and brackish lake) using the supporting information in the FENZ spatial layer (e.g. lake

depth and elevation) and additional information from other sourc&gnificantly more lakes have

been captured in this mapping exercise in comparison toctimeent lakes layer used for the pSWLP

(Figure 6.

The surface elevation listed in the FENZ attribute table does not accurately reflect the surface
elevation of the lake. In instanceshere elevation was not available or it was close to the 300m
elevationcut off, the most recent 8m contour digital elevation modfer Southland was used to

estimate elevation. Lakes were classified based on lake depth (recorded in the FENZ database) and
elevation. Information on how the lakes were classified is recordetérattribute tablein the GIS

layer. In instances where lake depth was not available in the FENZ database, lakes were classified
manually based upon expert judgement and comparison with similar lakes in close proiné

a manual classification wasquired a description is provided in the GIS lagitribute table and will

need to be ground tthed in futureto confirm the lake typeMost lakes that required manual
classification were in the Fiordland and Islands FMU, many of which will likelydsdield within the

Wy GdzNIF £ adIRRIG ARYT $ RSIELNBNISE ZNE adeNFHK OISa Sd SO G 7
FNRY (KS 59 atimllake@allIEe YRl Ady 3 Ayid2 | 002dzyd (GKS vy
recorded.

Brackish Lakes andgoons were manually classified based on salinity information (where available),
morphology and geographical location. These criteria superseded the undeltyivignd Shallow
Lake classification to be reclassified as Brackish Lakes and Lagoons.

Additionally, lakes not captured in the FENZ database were mapped manually by drawing a polygon
around the lake margins, identified from a recent aerial imagery. Examples include:

1 Te Waewae (Waiau) Lagowhichwas separated into two partshe eastern end a bikish
lagoonand the western end an estuarine systdacause it is more heavily influenced by
salinity and tides. The lagoon polygon was taken from the 2008 Coastal Risk layer (Robertson
and Stevens, 2008) and manually included in the lakes |8yeapply attributes to the
waterbodiesthe western lagoon is named Weaewae Lagoorand is classified asBrackish
Lake and Lagoon. h& eastern estuarine section is described as the Wdistwary and
classified as a Tidal River Estuary (see Ward and Roberf{s ZB&0nargin separating the two

Note: LKE® Ay G(GKS C9b% 3IS2RIGFIolFasS R2SayQd FLIWISFNI G2 06S adaNFIF O
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lagoon.
1 Ruapuke Island needed to be included in the watershed polygons and thBraweish Lake

and lagoons systems (potentiallZOLLS) were included in the lake classification process.

RSTAYSR o8 Gyl NNRgae |

The wetlands layer was overlaid on the lakes layer and any wetlands that were also classified as lakes
were removed from the lakes classification.

N

o~

Lakes Classification
B Bcockish Lake

B Decp Lake

Il Lowland Shallow Lake

B Natura State

Il Upand Shallow Lake

0

125

i =

50 Kilometers
]

Figure6:

Map ofproposed lake classes for the Southland region.
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3 Lake attributes

The NP$M sets compulsory attributewith attribute states which aim to support a nationally
consistent approach to the setting of freshwater objectives in relation to the national values in
Appendix 1 in the NPBM (MfE, 2017)The compulsory attributes are intended to:

f ALINBGSyYy il dzyySOSaalNB 02ai FyR RdzZJ AOF(iAz2y (K
developing and testing their own technical information

1 allow local discussions todus on community values and the impacts of decisions, rather than
2y RSOlFGAYy3 GKS @GrtARAGE 2F GKS aOASyOS |yR
(MfE, 2017)

The NP$M makes it clear that the compulsory attributes are not an exhaustitze Geuncils are

NEBIljdzA NER (2 RS@St2L)J FRRAGAZ2YIf FGGNROdzGESAa NBTE I G,
WKdzY 'y KSIFfGK F2NJ NBONSBI G-gotplRady valugRAppedixNInNBSEI Sa NI
FM and any additional values deriveddhgh local processes)he national compulsory attributes

FT2NJ GKS QI ftdsS 2F wSO2aeaiasSy KSIHEGKQ FNBY

Phytoplankton
Total nitrogen
Total phosphorus
Ammonia (toxicity)

=A =4 =4 =9

z

YR GKS O2YLlz a2NE | (0 NXodzii S FtdzS 2F

Q¢
-+
No
P
[
[«
A
(V)
&\

9 Escherichia colE. colj
1 Cyanobacteria

The compulsory attribute state option tables in Appendix 2 of the-N@Snclude national bottom
lines. A national bottom line representee minimum acceptablestate of a waterbodyin New
Zealand. Were thecurrent state is worse than the national bottom litkee council is required to
implement management actions that will improve current stat@enerally, national bottom lines are
set where arecosystem is moderately impacted and at high risk of a regimevshiéh could lead to
a more persistent state of degradation which can be difficult to reverse.

This section describes how additional (i.e. rommpulsory) attributes have been selected for use in
developing draft freshwater objectives for lakes in theutBtand region. Furthermore, other
attributes that are considered important fadescribingecosystem health and human health but are
not suitablefor use as freshwater objectivebavealsobeen proposed as supporting indicators that
should continue to benonitored.

¢KS FTRRAGAZ2YIFIE FGGNROdziSa LINRPLIZASR F2NJ 6KS Ot £ dzf

Trophic level index (TLI)
Nitrate (toxicity)
Dissolved oxygén
Trophic statgLakeSPI)

= =4 =4 =N

8 This attribute been included as it was proposedaasew national compulsory attribute e draft NPSM released as
part of the Essentidfreshwater Package in September 2019.
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Macrophyte cover
Fish

Riparian habitat
Marginal habitat

= =4 =4 =N

The supporting indicators proposed for continued monitoringare

Secchi depth (clarity)
Water temperature

pH

Electrical conductivity
Turbidity

Dissolved nutrients (dissolved reactive phosphorus, nitrate, nitrite)
Sedimentation rate
Sediment quality

Water level

Residence time
Emerging contaminants

=4 =4 =4 =4 - -8 -8 -8 -8 -8 s

Asummary otthe attributesand how they link to values and managemergusnmarisedn Table3.

° Supporting indicators could bieacluded as attributes in aarrative freshwater objective, however further researih
needed before using these indicators to develop numeric freshwater objedthe sipporting indcators are not described
in detail in this report.
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Table3: Description of lake attributes, the value they represent and links to management. Reliance on lake type and availabis da presented.

Attribute Se.e Value Description Links to management Lake type Southland data
section dependant?
National compulsory attributes (NREM, 2017)
Phytoplankton| 3.1.1 | Ecosystem | Phytoplankton (ch&) is a primary food source at the base of the food v} Nutrient loading from upstream sources increasérient concentrations| No Yesg currently
health (fed on by zooplankton then macroinvertebrates and fish). EXx| in a lake. This can lead to excess phytoplankton growth when nutrient monthly monitoring
(trophic phytoplankton growth indicates high nutrient status. Prolonged exq in excess and light is not a limiting factor.
state) phytoplankton growth can lead to light limitation and édack ofaquatic
macrophytes and low water column oxygen. A shift to a phytoplank Sediment loading and high turbidity can temporarily limit light.
dominated state from a macrophyte dominated state is considere
regime shift and represents a system with poor ecosystem health.
Total 3.1.2 | Ecosystem | Phosphorus is an essential nutrient for primary production (plant groy Phosphorus loading from upstream sources including diffuse and | No Yesc currently
phosphorus health including both phytoplankton anchacrophytes Excess phosphorus ci sources will determine phosphorus concentration in the lake. If monthly monitoring
(trophic lead to increased phytoplankton and/or macrophyte growth creat phosphorus load exceeds phosphorus attenuation in the lake this car
state) unfavourable conditions for aquatic life (e.g. low oxygen, light limitaj to excess phytoplankton growth.
etc). High phosphorus concentrations can occur in clear water state
lots of macrophtes) however this still represents a system under presg Sediment loding (e.g. total phosphorus) can also have an influence ¢
and at potential risk of a regime shift. lake concentrations and sediment deposition can influence inte
nutrient loading. When watercolumn oxygen conditions decreas
phosphorus can be released rapidly from the sediment. Oxygdnssis
linked to high organic loading (internal or catchment) and mi
condition.
Total nitrogen | 3.1.3 | Ecosystem | Nitrogen is an essential nutrient for primary production or plant groy Nitrogen loading from upstream sources liding diffuse and poin| yes (mixing | Yesg currently
health including both phytoplankton and macrophytes. Excess nitrogen can| sources will determine nitrogen concentration in the lake. If nitrogen | condition e.g. | monthly monitoring
(trophic to increased phytoplankton and/or macrophyte growth creatj exceeds nitrogen attenuation in the lake this can lead to ex( different
state) unfavourable conditions for aquatic life (e.g. l@xygen, light limitation phytoplankton growth. bandings
etc). High nitrogen concentrations can occur in clear water state (e.g presented for
of macrophytes) however this still represents a system under pressur¢ Sediment loading (e.g. total nitrogen) can also have an influenée lake deep vs
at potential risk of a regime shift. concentrations and internal nutrient loading. shallow lakes)
Ammonia 3.1.4 | Ecosystem |Ammonia is an essential nutrient for primary production but in i Ammonia makes up part of the dissolved nitrogen loading from upstr| Ng Yesc currently
(toxicity) health concentrations it can be toxic to macroinvertebrates and fish. M sources inclding diffuse and point sources. High concentrations monthly monitoring
(toxicity) sensitive species that live in lakes with good ecosystem health wi ammonia are generally linked to point source discharges or low ox
susceptible to toxicity at lower concentratiottean more tolerant specieq status of the water column. Oxygen status is linked to high organic log
The attribute is based on the threshold effect concentration and | (internal or catchment) and mixing condition.
number of species that will be impacted by toxicity at each banding lg
Escherichia 3.1.5 | Human E. coliis a faecal indicatofE. coliconcentration does not identify faeci ElevatedE. colievels can be primarily attributed to upstream sources N Yesc currently
coli(E. col) health for origin (e.g. human, cow, sheep, bird) but rather gives an indication| E. colwithin the catchment. Eoeptions include waterfowl and direct poif monthly monitoring
recreation | faecal contamination is present in the waterway and the risk of assocj source discharges.
diseasecausing microorganisms such as virus, bacteria and protdzg
coliis an indicator for human health and is based on the level of rig
infection through ingestion of water during recreational activities.
Cyanobacteria| 3.1.6 | Human Cyanobacteria is a form of photosynthetic bacteria. Some form{ Excess cyanobacteria growth or blooms are generally linked to high it No Yesc currently
health for cyanobacteria can produce toxins which can be harmful to both hun concentrations of nutrients. Nutrient loading from upstream sour monthly monitoring
recreation | and animals. Like phytoplankton, cyanobacteria often blooms w including diffuse angoint sources will determine nutrient concentratiq
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Attribute Se.e Value Description Links to management Lake type Southland data
section dependant?
nutrients and light conditions are not limiting. Therétute is based or] in the lake and the amount of primary productivity within the lake.
risk to human health through ingestion during recreational activities. | Sediment loading and high turbidity can temporarily limit light limitatig
Proposed Southlandattributes
Trophic level | 3.2.1 | Ecosystem | Trophic levelindex (TLI) gives an indication of overall trophic state anf Nitrogen loading from upstream sources including diffuse and p No Yesg currently
index (TLI) health proposed by Burns and Bryers (2000). TLI4 comprises of four key attr{ sources will detemine TN, TP, Ghl and secchi depth in the lake. monthly monitoring
(trophic TN, TP, chlorophydl and secchi depth (TLI3 can be used alternatiy nutrient load exceeds nutrient attenuation in the lake this can leag
state) when secchi depth is not measured). Trophic state refers to the produ( excess phytoplankton growth and el
of algae, epiphytes and macrophytes in a lake.
Sediment loading (e.g. total nitrogen) can also have an influence on ir
concentratios and internal nutrient loading.
Macrophyte 3.2.2 | Ecosystem | Aquatic macrophytes are important features in lakes because | Macrophyte growth and cover can be linked to nutrient loads entering| Yes, only Limited, historical
cover health regulate water quality and phytoplankton growth but also provide hab lake. High nutrient loding can lead to increased phytoplankton grow applicable to | data for some lakes
(trophic for fish and macroinvertebrates. % Macrophyte cover takes into acc| which can result in light limitation and reduction in macrophyte cover. | shallow and up to 2019 not
state) the functional ecosystem service that macroptyprovide (e.g. uptake ¢ 2 ¥ Y I ONRB LK@ 4GS O2@SNJ OFy f SI R ( 4 brackish lakes| planned currently for
nutrients, improvement in water clarity and habitat provision) rather th phytoplankton dominated and is at risk of algal blooms. requires future monitoring.
whether the species of macrophyte is native or invasive. further
development
for deep lakes.
Trophic state | 3.2.3 | Ecosystem | Lake SPI (Lake submerged plant indicators) is a method for charact¢ There is arelationship between LakeSPI and land cover farlakes.| No Limited, historical
(LakeSPI) health ecological health of a lake based on the amount of native and invi LakeSPI decreased with increastgastoral land cover and increasg data available up to
(aquatic life) macrophyte species present in the lake. The key assumption of the Lg with increasingpercentage alpine or native cover (Verburg, 2010). It 2014 not planned
method are that native plant speciesd high plant diversity represen| postulated that the relationship between LakeSPI score and land ¢ currently for future
healthier lakes or better lake conditions (Burton et al., 2015). YIe 06S LINLIfte NBtlFIGSR (2 aydz monitoring
stressors (notably fine sediment) from pasture, and humaivaiets as a
BSOG2NI F2NI AY Ol aABS |ljdzZ GAO 659
Dissolved 3.2.4 | Ecosystem | Dissolved oxygen is essential for the surnifdish and other organisms i Oxygen condition in a lake can be related to two main rae@ms Yes Limited, appropriate
oxygen health aquatic ecosystems. It also plays an important role in regulating r{ (1) Stratification Bottom methodology would
(water condition in the water column and sediment which in turn influen( (2) Oxygen consumption. oxygen need to be included
quality) nutrient cycling pathways. (shallow and | into the current
Excess oxygen consumption is related to increased nutrient proceg brackish lakes) monitoring program.
Low bottom water oxygen can lead to the release of nuitsefrom the| excess phytoplankton growth and decomposition of plant mate| Hypolimnetic
sediment which can lead to a large internal loading of TN and TP. Increased oxygen consumption (respiration) is linked to increq (deep lakes)
productivity which can be caused by excess nutrient loading f
Recommended as a supporting monitoring attribute rather than g upstream sources.
proposed Southland numeric freshwater objective.
Nitrate 3.2.5 | Ecosystem | The nitrate toxicity attribute was developed based on the toxicity of nitf Nitrate makes up part of the dissolved nitrogen loading from upstr¢ No Yesc currently
(toxicity) health to sensitive species, the bandings were set at concentrations below ¢ sources including diffuse and point sources. Higiceatrations of nitrate monthly monitoring
(toxicity) toxicity levelsNitrate toxicity occurs at levethat would havedetrimental | are generally linked to point source discharges.
impacts to ecosystem healtfThis attribute would be most suitable fq
point source discharges to lakes.
Fish 3.4.3 | Ecosystem | Fish are an important part of a lakes ecological integrity and can plg Trophic state (TN, TP, @jland macrophytes can also play an import{ TBA Limited to one study
health important role in the regulation of the food web. Many native specie§ role in determining whether a lake isiigable for fish survival which i (dependent on| in shallow lakes in
(aquaticlife) [b S %Sl f I YR FAAK o6So3ad {dzyl = Ay stronglylinked to upstream nutrient loads. narrative 2013.
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Attribute Se.e Value Description Links to management Lake type Southland data
section dependant?
their lifecycle. Introduced smges of fish such as trout and perch ¢ Connectivity between upstream, lakes and downstream to coag attribute
disrupt the balance of the food web in a lake system. important for migratory species. developed)
Proposed as a narrative freshwater objective. Management of introduced species to lakes is important particularly
lakes without introduced species at present.
Lake margin 3.4.1 | Ecosystem | Lake margin habitat refers to the 200m terrestrial margin surrounding Catchment land use type, particularly within the 200m margin of a lak No Limited, historical
habitat health lake. Lake margin habitat can provide a buffer around lakes to capturg important to determine whether lake margin habitat can provide a bu{ (dependent on| data not planned
(habitat) process nutrients and provide habitat for wildlife. to nutrient and sediment run off from the immediate catchment. narrative currently for future
attribute monitoring.
Proposed as a narrative freshwatdsjective. developed)
Aquatic 3.4.2 | Ecosystem |Aquatic marginal habitat refers to the aquatarrestrial margin| Catchment land use type is important to determine whether aqu{ Yes Limited, historical
margin habitat health surrounding the lake. Aquatterrestrial marginhabitat (e.g. tussock marginal habitat can provide a buffer to nutrient and sediment run| (dependent on| data not planned
(habitat) NHza Kt | yYRXZ NI dzLJI © from the immediate catchment. narrative currently for future
attribute monitoring.
Proposed as a narrative freshwater objective. developed and
available
habitat)

1 Statement true at date of writing, April 2020.
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3.1 Compulsory attributes for New Zealandkes
3.1.1 Phytoplankton

The phytoplankton attribute is a compulsory attribute from the NFR&and supports the values of
ecosystem health (trophic state), human health for recreation, mahinga kai and f{shing
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Table 4). Phytoplankton measured as chloropkgldoes not necessarily represent a lake under
nutrient stress, particularly when the lake is macrophyte dominated therefore it is important that this
attribute is considered with the other two compulsory attributes TN andH®vardWilliams et al.,
2013)

C2N) {2dziKf YR Iy W'b 6FYRAYIQ A& LINRBLRASR T2N L
presentedin Table 1.4 of Burns and Bryers (2000)adlieve dive band system, the two lowest and

the two highest lakdrophic stateswere grouped to make the A band and the D bamspectively.

Separating the Aandin the NPS-M compulsory attributénto A and A+ will accommodate for lakes

that are aleady at the top of the dand. For lakes currently in an A+ staeshift from the top to the

bottom of the existingA band would be a significant shift in state ambtentially irreversible The

natural reference conditions proposed in Schallenberg (2€di9New Zealand deep lakes was 0.3 ug

L within the A+ banding range.
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Table4: Attribute state option table for phytoplankton

Value Ecosystem health

Freshwater body type

Lakes

Attribute group

National compulsory attribute

Attribute name

Phytoplankton

Attribute unit

mg chta/m?

Attribute band and description

Numeric attribute state

Annual Annual maximum
median
Xn dy Xn
KH XXM n
B
Lake ecological communities are slightly impacted by additional FBH FyYH Bma | yR
and/or plant growth arising from nutrient levels that are elevat
above natural reference conditions.
C
Lakeecological communities are moderately impacted by additic . .
algal and plant growth arising from nutrient levels that are elevd BP YR  BHp I YR
well above natural reference conditions. Reduced water clarif]
likely to affect habitat available for native macrophytes.
National bottom line 12 60
>12 >60

NPSFM.

for closed periods and open periods.

*The A+ band has been proposed for Southland and is not part of the National Objectives Framewo

Recommended minimum dataquirements are 3 years of monthly sampling (n=36).

For lakes and lagoons that are intermittently open to the sea, monitoring data should be analysed sef
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3.1.2 Total phosphorus

Total phosphorus is acompulsory attribute from the NRBM (2014) and supports the values of
ecosystem health (trophic state), mahinga kai, habitat and figffiagle5). The original attribute table
in the NPS-M was derived from Table 1.4 in Burns and Bryers (2000). To acHiegdand system,
the two lowest and the two highestha trophic stateswere gouped to make the A band and the D
band respectivelyThe A+ banding is recommended fotal phosphorugrom Table 1.4 in Burns and
Bryers (2000) baseoh the microtrophic lake type.

Table5: Attribute state option table for total phosphorus

Value Ecosystem health

Freshwater body type Lakes
Attribute group :t?:ilt(:lrjl'?ezl compulsory
Attribute name Total phosphorus
Attribute unit mg/m?3
Attribute band and description Numeric attribute state
Annual median

Xn
KM n
B
Lake ecological communities are slightly impacted by additional algal Emn FyR K
plant growth arising from nutrient levelthat are elevated above naturé
reference conditions.
C
Lake ecological communities are moderately impacted by additional >20 andKp 1
and plant growth arising from nutrient levels that are elevated well ab
natural reference conditions.
National bottom line 50
>50

*The A+ band has been proposed for Southland and is not part of the Nabbjedtives Framework in th
NPSFM.

Recommended minimum data requirements are 3 years of monthly sampling (n=36).

For lakes and lagoons that are intermittently open to the sea, monitoring data should be analysed sef
for closed periods and open periods.
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3.1.3 Total nitrogen

Totalnitrogen is a compulsory attribute from the NIP8I (2014) and supports the values of ecosystem
health (trophic state), mahinga kai, habitat and fishing. As discussed for the phytoplankton attribute
an A+ banding ialsoproposed fortotal nitrogen(
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Table6). The bandings presented in the 8IFV are conservative for stratified and brackish lakes, as
such the values for the microtrophic lake type from Table 1.4 in Burn8amats (2000) are proposed

for the A+ banding. Because the guidelines presented in Burns and Bryers §a068%ed on the

annual averaggit is proposed that the median value be rounded from 73 mgton80mg/m? which

is consistent with the rounding ohé other NOF bandings that were originally deritman Table 1.4

in Burns and Bryers (2000). Less conservative bandings have been proposed for polymictic lakes and
as such the A+ banding will be based on the oligotrophic lake type in the Table 1.4 BlhiBiyers

(2000) This is supported by Hamill et al., (2014)
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Table6: Attribute state option table for total nitrogen

Value Ecosystem health

Freshwater body type

Lakes

Attribute group

National compulsory attribute

Attribute name

Total nitrogen

Attribute unit

mg/m? (milligrams per cubic metre)

Attribute band and description

Numeric attribute state

Annual median

Annual median

Seasonally
Stratified & Polymictic
Brackish
Ky n XMcn
XMcn Ko nn
B
Lake ecological communities are slightly impacted by additonal | 5 ymcn | y| Bonn |y
and/or plant growth arising from nutrient levels that are elevat
abovenatural reference conditions.
C
Lake ecological communities are moderately impacted by additi
algal and plant growth arising from nutrient levels that are elevdg Dopn Lyl Bbpnan Iy
well above natural reference conditions. Reduced watarity is
likely to affect habitat available for native macrophytes.
National bottom line 750 800
>750 >800

NPSFM.

open periods.

*The A+ band has been proposed for Southland and is not part of the Na@@jattives Framework in th

Recommended minimum data requirements are 3 years of monthly sampling (n=36). For lakes and
that are intermittently open to the sea, amitoring data should be analysed separately for closed periods
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3.1.4 Ammonia (toxicity)

Ammonia(toxicity) is a compulsory attribute from the NHB/A and supports the values of ecosystem

health (toxicity), fishing and mahinga kai. No additional A+ banding is recommended for the ammonia

(toxicity) attribute because > 99% of all species are protegteter the Aband. The ammonia toxicity

bands were deeloped based on the toxicity of ammonia to sensitive species, the bandings were set

at concentrations below acute toxicity levels. Information on the derivation of the ammonia toxicity
attribute is summarised in Hickey et al., (2014 ajpplicability inthe Auckland region is discussed in

Hickey et al., (2016).

Table7: Attribute state option table for ammonia (toxicity)

Value Ecosystem health

Freshwater body type

Lakes and rivers

Attribute group

National compulsory attribute

Attribute name

Ammonia toxicity

Attribute unit

mg NH-N/L
nitrogen per litre)

(milligrams ammoniaca

Attribute band and description

Numeric attribute state

Annual median

Annual maximum

A
99% species protection level: No observed effect onspregies Knono Knonp
tested.
B
95% species protection level: Starts impacting occasional bnd®no FyhR Bndnp Iy
the 5% most sensitive species.
C
80% species prp'tection Igvel: Starts impacting regularly on Fnoun FyR padnna |y
20% most sensitive speci@gduced survival of most sensiti
species).
National bottom line 1.30 2.20
>1.30 >2.20

Based on pH 8 and temperature of 20°C and recommended minimum data requirements of 3 years of |
sampling (n=36)Where a sample is missed the state may be determined over a longer time period.

Compliance with the numerical attribute states shouldumelertaken after pH adjustment

3.1.5 Escherichia coliE. col)

E. coliis a compulsory attribute from the NFAEBA and supports the values of human health for
recreation and mahinga kai. TRecoliattribute defines ark.coliconcentration where the population

is at risk ofCampylobacteinfection through ingestion of water during recreational activities. Risk
bands from Ao Eare presented in the NPEM. No change is recommended for thecolittribute.
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Table8: Attribute state option table forE. coli

Value Human health for recreation

Lakes and rivers

Freshwater body type

Attribute group

National compulsory attribute

Attribute name

Escherichia colE. colj

Attribute unit

E. colil00 mL (number oE. colper hundred millimetres)

Attribute band and description

Numeric attribute state

% % Median 95"
exceedancey exceedanceg . percentile
over 540 over 260 concentration of E
cfu/100 mL | cfu/100 mL (cfu/100 mL) col/100 mL

A
For atleast half the time, the estimated risk is <1 <5% <20% Mo n Xpnn
1,000 (<0.1% risk). The predicted average infec
risk is 1%*.

B
For at least half the time, the estimated risk is <1 55 10% | 20to 30% XMo n NOPE
1,000 (<0.1% risk). The predicted average infec
risk is 2%

C
For at least half the time, the estimated risk is <1 1010 20% | 20 to 34% XMo n XM H
1,000 (<0.1% risk). The predicted average infec
risk is 3%*.

D
Hn G2 om: 2F UKS GAYS| 5915300 | >34% >130 >1,200
1,000 (>5%isk). The predicted average infection r
is >3%*.

>30% >50% >260 >1,200

* The predicted average infection rigkthe overall average infection to swimmers based on a random expc
on a random day, ignoring any possibility of not swimming during high flows or when a surveillance advis
place (assuming that th. calconcentration follows a lognormal distribution). Actual risk will generally be lg

a person does not swim during high flows.

1 Attribute state should be determined by using a minimum of 60 samples over a maximum of 5 years, collg
a regular bais regardless of weather and flow conditions. However, where a sample has been missed
adverse weather or error, attribute state may be determined using samples over a longer timeframe.

2 Attribute state must be determined by satisfying all numeaticibute states.

Recommended minimum data requirements are 5 years of monthly sampling (n=60). Where a sample is

the state may be determined over a longer time period.
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3.1.6 Cyanobacteria

Cyanobacteria is a compulsory attribute from the NFR& andsupports the values of human health

for recreation and mahinga kai. No additional A+ banding is recommended for @ciaah attribute
because the Adand already covers exposure close to natural conditidhs.planktonic cyanobacteria
guidelines were desloped in 2013 through the cyanobacteria expert group for MfE the findings are
summarised in Wood et al., (2013) and Wood et al., (2014). Biovolume is not available for all
cyanobacteria identified and will require further research for this attribute toplapto all

cyanobacteria species.

Table9: Attribute state option table for cyanobacteria

Value ‘ Ecosystem health

Freshwater body type

Lakes and lak&d rivers

Attribute group

National compulsory attribute

Attribute name

Cyanobacteria (planktonic)

Attribute unit

Biovolumeg mm?/L (cubic millimetres per litre)

Attribute band and description

Numeric attribute state

80" percentile

A

Risk exposure from cyanobacteria is no different
that in natural conditions (from angontact with
fresh water).

Xn @ p¥L Miawolume equivalent for the combined
total of all cyanobacteria

B

Low risk of health effects from exposure
cyanobacteria (from any contact with fresh water).

Bnodp |y RL bimotbime eguivalent for the
combhed total of all cyanobacteria

C

Moderate risk of health effects from exposure
cyanobacteria (from any contact with freshwater).

BmMdn Iy RL bigmotbgme eqduivalent of
potentially toxic cyanobacteria OR
Bmaon |y KL totaubiovolinde of altyanobacterid

National bottom line

Recommended data requirements are 30 samples over 3 years with a minimum requirement of 12 samp

3 years.

1.8 mn¥/L biovolume equivalent of potentially toxic
cyanobacteria OR

10 mn¥/L total biovolume of all cyanobacteria

>1.8 mn¥/L biovolume equivalent of potentially toxic
cyanobacteria OR

>10 mnd/L total biovolume of all cyanobacteria
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3.2 Proposed Southland attributesor numeric freshwater objectives
3.2.1 Trophic level index

Trophic level index (TLI) gs/&n indication of overall trophic statend was proposed by Burns and
Bryers (2000Q)TLI4&omprises of four key attributeastal nitrogen, total phosphoruschlorophyha and

secchi depth (TLI3 can be used alternatively when secchi depth is not meaSuogdiic state refers

to the production of algae, epiphytes and macrophytes in a lake. The TLI is calculated based on annual
means and there is some guidance that suggests it should be calculated on a minitworgo$ I N& Q
worth of water quality data to aaunt for natural variability (Burns and Bryers, 2000), this length of
time was chosen because there can be a rapid change in the trophic state of a lake that could be
missed over a longer time scal&.time period of three years is recommended to alignhwdther
attributes and remove the influence of short term climate variability. As stated for phytoplankton,
total nitrogen and total phosphorus an A+ banding is proposed based on the microtrophic values in
Burns and Bryers (2000)he TLI has been usedmatth Bay of Plenty and Environment Canterbury as

an attribute for a numeric freshwater objective
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Tablel10: Proposed attribute state option table for trophic level index

Value Ecosystem health

Freshwater body type Lakes
Attribute group Southland attribute
Attribute name Trophic Level Index (TLI)
. : TLI score (as either TLI3
Attribute unit TLI4)
Attribute band and description Numeric attribute state

Mean TLI score

KH
Xo
B
Mesotrophic The lake has moderate levels of nutrients and algaake .
ecological communities are slightly impacted by additional algal and/or Bo yR Xn
growth arising from nutrient levels that are elevated above natural referg
conditions.
C
Eutrophic The lake is green and murky, with high amounts of nutrients
algae.Lake ecological communities are moderately impacted by additional >4 andKp
and plant growth arising from nutrient levels that are elevated well above na
reference conditions.
Proposed minimum acceptable state 5
>5

1TLI3 is used in preference to TLI4 when there are no reliableyaleeasures e.g. where a mixture of horizon
and vertical secchi depth is used.

Recommended minimum data requirements are 3 years of monthly sampling.

3.2.2 Macrophytes

Aquatic macrophytes are important features in lakes because they regulate water quality and
phytoplankton growth but also provide habitat for fish and macroinvertebrates. The loss of

YI ONRLIK&GS O20SNJ OFy €SIFR G2 | JpndkaidorthatedddT 6 Q ¢ K
is at risk of algal bloom3he current proposed attribute is to account for all macrophytes and does

not discriminate between native and invasive species because it more accurately reflects the
ecosystem services that it providedamill et al., 2014). Two macrophyte attributes are proposed
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because the percentage macrophyte cover attribute encapsulates the ecosystem service that all
macrophytes provide with respect to habitat and water quality, whilst Lake SPI alternatively focuses
on nativeness.

Theproposed macrophyte bandings for intermittently closed and open lakes or lagoons in addition to
brackish lagoonand the reasoning behind the bandings is described in Hamill et al., (2014). In addition

to brackish lakes and lagoondstproposed that this attribute is also applied to upland and lowland

shallow lakes. Kelly et al., (2016) examined bandings for percentage native macrophyte cover in
shallow lakes for Southland, the bandings from this study are similar to those propostahiilf et

al., (2014) and therefore it is suggested that this attribute cover both shallow lakes and brackish lakes

and lagoons. Additional research is required to determine whether these bandings can be applied to

deep lakes. Further development of tHisi G NA 6 dziS Attt 06S NBIljdzANBR (2
KFoAGErGeE FyYyR F O2yaAradSyd FLILINEBIOK IyR YSiK2R2f 2

Tablell: Proposed attribute state option table for macrophytes

Value Ecosystem health

Freshwater body type Lakes
Attribute group Southland attribute
Attribute name Macrophytes
5 ,
Attribute unit @gﬁggr (percentage cover of availa

Numeric attribute state

% cover of availableabitat
(Shallow and brackish lakes)

Attribute band and description

A
Macrophyte communities are healthy and resilient, similar X T JE:
natural conditions.

B ~
Macrophyte and ecological communities are slightly impacted f Xxpn YR FTUE
natural conditions.

C ~
Ecological communities arenoderately impacted from naturg XHn YR fFpE
conditions.

Proposed minimum acceptable state 20

<20%

Numeric attribute state to be based on a survey during the period of likely maximum annual biomass.

Available habitat to be determined based on morphological, hydrological and substrate conditions.
Ot FNAUée gAfft YySSR 02 0S RSYUSt2LISR | NRdzyR U0UKS
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3.2.3 Trophic state (LakeSPI)
Two macrophytettributesare proposed for Southlandkes:

1 Macrophyte cover (section 3.2.2) represents the functional ecosystem service that
macrophytes provide in the processing of nutrients and improving water clarity in lakes. It
does not discriminate between ing&e or native species, the macrophyte cover attribute is
more representative of the influence of macrophytes on water quality and inherent
ecosystem healthand,

1 LakeSPI Index represents biodiversity and ecological values by taking into considerat®n nat
and invasive macrophyte species present within a lakekey assumption of the LakeSPI
method and the link to ecosystem health is that native plant species and high plant diversity
represents healthier lakes or better lake conditions (Burton g2all5).

As a result, both attributes have been proposed for Southland because wiaiisbphytecover and
[F1S{tL 020K NBLNBKaSyid wSO02a2aidSYy KSIHftuKQ GKSe
functional role of macrophytes in nutrient cycliagd water clarity and biodiversity and ecological
values, respectively.

Lake SPI (Lake submerged plant indicators) is a method for characterising ecological health of a lake
based on the amount of native and invasive macrophyte species present in the Tiakekey
assumption of the LakeSPI method are that native plant species and high plant diversity represents
healthier lakes or better lake conditions (Burton et, @&015). This principal is also discussed in
Schallenberg (2019) in which nativeness issatgred an important component of ecological integrity

and subsequent lake health. Highlighting that fmative species are known to negatively impact on

the ecology of lakes. There are several other factors that influence a lakes ecological intedgritkand

SPI is only one component of thigher indiceqe.g. fishyequire further development.

Verberg et al (2010), in a report for MfE, demonstrated a relationship between LakeSPI and land

cover for New Zealand lakes. LakeSPI score decreased wéihsimy percentage pastoral land cover

and increased with increasing percentage alpine or native cover. The lowest (poorest) LakeSPI scores
were recorded for lakes in catchments with dominant pastoral land cover. It was postulated that the
relationshipbes SSy [ 1S{tL &a02NB IyR fFyR O2@SNJYI& 065 I
other pollutant stressors (notably fine sediment) from pasture, and human activities as a vector for
AYOlLaArA@dS ljdd GAO 6SSR (NI yaFSNE O

Two lakeSPI attributes are proposéar Southland, it should be decided through the regional forum
process which is the most suitable going forward. The first is Pake8ex (%) which provides an
overall score for lake macrophytes taking into account native and invasive species. The second
attribute is proposed in the amendments to thi® SFM (2019}° which provides the individual scores

for nativeness and invasiveness and may be more appropriate to set specific ecological targets around
acceptable limits of invasivenesBhe LakeSPI metholbdgy includes the collection of all Lake SPI
indices. A decision will be required to identify which LakeSPI attribute is most appropriate for
Southland(overall score or nativeness and invasivengdis¢ decision should consider how the
attribute will be wsed (e.g. manage invasiveness and maintain nativeness or as overall indicator of
ecological integrity).

The LakeSPI score is presented as a percentage of the lakes maximum scoring potential, higher
percentage values indicate good ecosystem health ancem@iality. The bandings for theakeSPI |
AYRSE &>*0 NS oFaSR 2y bL2! Qa o0lFyRAy3Ia 2dzif AySI

10 At the time of writing this attribute proposed in the NPIEM (amended 2019¥as still under consultation.
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Environment Canterbury have directly applied these bandings for the LakeSPI attribute to set
objectives for the lakes ithe Canterbury region. The Bay of Plenty Regional Council have taken an
alternative approach and proposed bandings based on the % reduction in the LakeSPI score, if this is
to be applied to Southland it would require further investigation into the currdataset and
applicability to the region will need to be investigated, this is also potentially more useful as a tool to
monitor a plans effectiveness to meet the attribute LakeSPI score than to be put forward as an
attribute itself.

Tablel2: Proposed attribute state option table for trophic state (LakeSPI)

Value Ecosystem health

Freshwater body type Lakes
Attribute group Southland attribute
Attribute name Trophic state (LakeSPlI)
Attribute unit LakeSPI Index (%)
Attribute band and description Numeric attribute state
Lake SPI Index (%)
A+
Excellent ecological health and high value. Xpn
A .

T YR f cn
High ecological health. KR y P

B y
n FyRrR 7
Good ecological health. "p y P
_ C XHAN YR fpn
Moderate ecological health.
Proposed minimunmacceptable state 20

Numeric attribute state to be calculated annually following the method described in Clayton J, and Edw
2006. LakeSPI: A method for monitoring ecological condition in New Zealand lLidersManual Version 2
Hamilton, New Zealand: National Institute of Water & Atmospheric Research Ltd.

Two additional LakeSPI attributes are proposed in the 2019 proposedehémtheNPSFM. These
attributes capture the native state and invasive impact experienced laigewith respect to aquatic
macrophytes. These attributes take into consideration the native values of plant species within a lake.
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Tablel13: Proposed attribute state option table for submerged plants (natives)

Value Ecosystem health

Freshwater Body Type

Lakes

Attribute

Submerged plants (natives)

Attribute Unit

LakeSPI (native condition index)

Attribute band anddescription

Numeric Attribute State

Lake SPI Native Index (%)

>75

B

High ecological condition. Native submerged plant communitieg
largely intact.

Bpn YR Xrtp

C
Moderate ecological condition. Native submerged plant commun XHE: YR KpJ
are moderately impacted.
Proposed national bottom line 20
<20

a devegetated state receive scores of 0.

Monitoring to be conducted at least once every three years, following the method described in Clayton
Edwards T. 2006LakeSPI: A method for monitoring ecological condition in New Zealand ligmsManual
Version 2. Hamilton, New Zealand: I9atl Institute of Water & Atmospheric Research Ltd p57.

Scores are reported as a percentage of maximum potential score (%) of the Native Condition Index, ang
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Tablel14: Proposedattribute state option table for submerged plantsrfvasive species

Value ‘ Ecosystem health

Freshwater Body Type Lakes
Attribute Submerged plants (invasive species)
Attribute Unit LakeSPI (invasive impact index)
Attribute band and description NumericAttribute State
Lake SPI Invasive Impact Index (%)
A
No invasive plants present in the lake. Native pl 0
communities remain intact.
B
Invasive plants having only a minor impact on nal .
vegetation. Invasive plants will be patchy in nati Bm YR XHp

co-existing with native vegetation. Often major wei
species not present or in early stages of invasion.

C
Invasive plants having a moderate to high impact .
native vegetation. Native plant communities like BHp YR Xdn

displaces by invasive wee beplarticularly in the 2;
8 m depth range.

Proposed national bottom line 90

>90

Numeric attribute state to be calculated annually following the method described in Clayton J, and Edw
2006. LakeSPI: A method for monitoring ecological condition in New Zealand UagesManual Version 2
Hamilton, New Zealand: National Inste of Water & Atmospheric Research Ltd p57.

3.2.4 Dissolved oxygen

Dissolved oxygen is essenfiai the survival of fish and other organismsanjuatic ecosystems. It also
plays an important role in regulating redox condition in the water column and sedimhichin turn
influencesnutrient cycling pathways. For example, oxic conditions in the bottom water results in
oxygenated lakes sediments which is important for the binding of phosphéfrexygen becomes
depleted in thelake bottom waters and the sdace sediments this would result in the release of
phosphorus from the sediment into the water column leading to an internal nutrient loading. Similarly,
nitrogen cycling pathways are regulated by oxygen concentration.

Oxygen concentration is controtleby parameters such as salinity, temperature and pressure in
addition to wind driven aeration (particularly in shallow lakes), mixing and consumption (respiration)
and production (photosynthesigrocesses. In general, when these processes are balangggtmx
concentration will be in the A banding, however if there is a high amount of nutrients and subsequent
respiration this can lead to lower oxygen concentrations and poorer ecosystem health outcomes. Two
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attributes for oxygen in lakes agoposed in thedraft NPSFM (2019) mid-hypolimnetic dissolved
oxygen in deep lakésand lake bottom dissolved oxyg&n

Table 15: ProposedNPSFM (2019) attribute state option table for mid-hypolimnetic dissolved
oxygen

Freshwater Body Type Lakes

Attribute Dissolved oxygen (migypolimnetic)
Attribute Unit Milligrams per litre (mg/l)

Attribute band and description Numeric Attribute State

B

Minor stress on sensitive fish seeking thermal refuge in
hypolimnion. Minor risk of reduced abundance of sensif
fish and macroinvertebrate species.

C

Moderate stress on sensitive fish seeking thermal refug Xxnon FyR Fp
the hypolimnion. Risk afensitive fish species being lost.

xpodn YR fT

Proposed national bottom line 4.0

<4.0

Numeric attribute state to be measured using either continuous monitoring sensors or discre|
profiles

11 Mid-hypolimnetic oxygen reflects the effect of oxygen has on fish species in stratifies] dassified as Deep Lakes in
Southland.

12 Dissolved oxygen on the lake bottom is an ecosystem health attribute that reflects the effect oxygen concentration has on
the nutrient exchange between the sediment and water column
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Tablel16: Proposed\NPSFM (2019ttribute state option table forlake bottom dissolved oxygen

Value ‘ Ecosystenhealth

Freshwater Body Type

Lakes

Attribute

Dissolved oxygen (lake bottom)

Attribute Unit

Milligrams per litre (mg/l)

Attribute band and description

Numeric Attribute State

A

No risk from bottom dissolved oxygen
biogeochemical conditions causimgtrient release
from sediments.

XT ®p

B

Minimal risk from bottom dissolved oxygen
biogeochemical conditions causing nutrient releg
from sediments.

XH®n yR §f71T®p

C

Risk from bottom dissolved oxygen of biogeochem
conditions causing nutriemelease from sediments.

xnd®p YR fHON

Proposed national bottom line

0.5

<0.5

To be measured less than 1 metre above sedinsenfiace at the deepest part of the lake suing either continu

monitoring sensors or discrete DO profiles.

3.2.5 Nitrate (toxicity)

Nitrate (toxicity) supports the values of ecosystem health (toxicity), fishing and mahinga kai. No
additional A+ banding isecommended fornitrate (toxicity) becauseeffects are unlikely to be
observed in the A band additional protection is not required. The nitrate toxicity bands were
developed based on the toxicity of nitrate to sensitive species, the bandings were set at
concentrations below acute toxicity levels. Information on the derivation of the nitrate toxicity
attribute is summarised in Hickey et al., (2013) initially the attribute was proposed as a compulsory
attribute for both lakes and rivers and was based on somiee Ispecies. The concentrations
represented in the table are less stringent from an ecosystem health perspective and detrimental
ecological effects will likely be observed before toxicity levels are reached. However, a nitrate toxicity
attribute may be ustul for point source discharges to lakes.
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Tablel7: Proposed attribute state option table for nitrate (toxicity)

Value ‘ Ecosystem health
Freshwater body type Lakes

Attribute group Southland attribute
Attribute name Nitrate toxicity

Attribute unit

mg NQ-N/L (milligrams nitratenitrogen per litre)

Attribute band and description

Numeric attribute state

Annual median

Annual 95 percentile

A
High conservation value system. Unlikely to be effe Km @ n Km @ p
even on sensitive species.
B y y
; bmodn | yR bmMdp | YR
Some growth effect on up to 5% of species.
C
Some growth effects on up to 20% of species (ma BH®n | yR Bodp I yR
sensitive species such as fish). No acute effects.
Proposed minimum acceptable state 6.9 9.8
>6.9 >9.8

Recommended minimum data requirements are 3 years of monthly sampling (n=36).

3.3 Additional attributesin existing regional plans

There are several attributethat are applicable to lakespecifiedin Appendix E of the Proposed
Southland Water and Land Plan (Decisions Version, 4 April giEB8)LPand they are listed ifable

18. These attributes apply to all lake classes.

Table18: Additional attributesfor lakesspecified in the proposed Southland Water and Land Plan

(Appendix E)

Attribute

Plan water quality standard

Odour

There shall be no objectionable or offensive odour present.

Bacterial or fungal growths| There shall be no bacterial or fungdilme* growths visible to the nake
eye, including within discharge mixing zones.

Edible species

Edible species such as fish and shellfish shall not be rendered unsu
for human consumption by the presence of contaminants.

*It is recommended that the wordt & f A YSé¢ 068

NBY2OBSR FNRY
unnecessarily descriptive and precludes other fungal and bacterial morphologies that could be problematic. An example of

this issue in its practical application for comptiarhas already been observed.

iKS
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3.4 Proposed Southland attributes for narrative freshwater objectives
3.4.1 Lake margin habitat

Requires further development before lake margin habitat is considered for a numeric freshwater
objective, currently appropriate to includes a narrative attribute

Lake margin habitat refers to the terrestrial margin surrounding the,l&/ironment Southland
currently report on the land usand terrestrial vegetationn the 200m terrestrial margin for shallow
lakes.The terrestrial vegmtion surroundinga lake can provide an important buffer, through the
uptakeof soil and shallow groundwater nutrients before they are transported to the lake. Removal of
vegetation and conversion of land to pasture can reduce éffectiveness of this nrgin.
Furthermore, vegetated terrestrial margins can provide important corridors for the movement of
indigenous wildlife.

At present there are no numeric thresholds set fake margin habitat, however it is a contributing
factor the lake health anthereforeis a good candidate for a narratiaétribute.

3.4.2 Aquatic marginal habitat

Requires further development before aquatic marginal vegetation is considered for a numeric
freshwater objective, currently appropriate to include as a narrative attribute.

Aquatic marginalhabitat refers to theaquatic margin (e.g. tussocklandushland or NJ- deLJl
surroundng a lake.Fringing aquatic vegetation (e.g. wetland type plants sucliNasdglplhy an
important role in the removal of nutrientsreating a buffer zone before nutrients are transported to
the main body of the lak€Gibbs and Hickey 2012Jhey take up majority of the nutrients through
their root systems and are important for stripping nutrients from groundwdteibbs and Hickey
2012). While senesce of plants occur during winter which will lead to the release of some nutrients,
aquatic marginal vegetation providean important nutrient uptake mechanism during summer
periods when phytoplankton blooms are likely to ocdturthermore phytoplankton blooms wash up

on the shoreline of lakes and become trapped in marginal vegetation, the decomposition of
phytoplankton in these areas can provide further nutrigfiir aquatic margin plants (Gibbs and
Hickey)

Existing aquatic marginal hiht is important because it maintains a balance within the lake
ecosystem and contributes to annual nutrient cycling providing a buffer for nugriergroundwater

and direct run off from the catchmenHowever, at presenthere are no numeric thresholdset for
aquatic marginal vegetation therefore it is currently appropriate to include as a narrative attribute
only.

3.4.3 Native fish

Requiresfurther developmentbefore native fish isonsidered for a numeric freshwater objective,
currently appropriate tanclude as a narrative attribute in the interim.

No fish attribute is proposed fomumeric freshwater objectivesin appropriate inéx has not been
developed and established for lakésg. a lake equivalent to IBI in rivers and streams). As such, it is
recommended native fish are included as an attribute for narrative freshwater objectives rather than
as a numeric freshwater, until further work is completed at a national level
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Thefishattribute state option table proposedi@blel9) isbased on the Greater WellingtdRegional
Councilnative fish attribute for rivers and streanasd it requires further investigation to determine
whether it is applicable to Sthiand lakesKelly et al., (2016) used percentage native species which
was a comparison of the number of native species identified in the collection of all native and non
native fish, however, it was determined that percentage native species was notdigdicator of
ecological integrity in all lakes.

The fish attributestate option tableneeds further development but should include whether there are
introduced species present and if there are important species that should be protected such as giant
kilkopu and inanga that are currently classified as in decline.

Tablel9: Proposed narrative attribute state option table for native fish

Value ‘ Ecosystem health

Freshwater body type Lakes

Attribute group Southland attribute

Attribute name Native fish

Attribute unit
Attribute band and description Numeric attribute state

A

Fish community is typical of undisturbed or referer| None proposed
conditions

B

All expected reference conditions species are preg
but populationsmay be under a low level of stress froi None proposed
for example, habitat disturbance, toxicants or orga
pollutants, phytoplankton blooms or oxygen stress.

C

Most expected reference conditions species are pres
but populations may be under a loemMel of stress from None proposed
for example, habitat disturbance, toxicants or orga
pollutants, phytoplankton blooms or oxygen stress.

Proposed minimum acceptable state

None proposed

3.5 Existing freshwater objectives for lake attributes

The NP$Mdoes not allow freshwater objectives to be set below tieional bottom line (D/C band
boundary}>. Similarly, for proposed regional attribwtée.g.trophic level index, macrophytes, trophic
state (LakeSPl), dissolved oxygen and nitrate (toxicity)), a minimum acceptable state has been

13 Unless caused by naturpérturbations.
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proposed atthe C/D band bundary based on literature The proposed minimum acceptable state

represents the point where lake health is at risk of a regime ‘$hifhich could potentially be

irreversible.

Freshwater objectives must be set above the national bottom, ltherefore,the default optionrange
for setting a freshwater objective ranges from A (or A+) to C babdciding on where to set a

freshwater objective within this range is a valbased decision that needs to be made by decision
makers, and can vafgr each attrbute andeach lakeclass

ThepSWLRalong with its predecessor, the Regional Freshwater Plan for Southland,a@&Eyset

receiving water quality standardsr some lake attributes. For exampleppendix E of the pSWLP

specifies water quality stamadsfor phytoplankton, ammonia toxicity arte. coli These water quality

standardsuse alake type classification system describedSattion 2.1 and shownin Table20. In
order to use these water quality standards to refine the option range for setting freshwater objectives,
expeat judgement was required to translate thESWLRake classes to those proposed in this report

(Section 2.2) For example:

ThepSWLRvater quality standards associated with thel { S Q@ éwladdiCoaatal Lakds

objectives were adapted to thiBhallow Lowland Lak@and Brackish Lakes and Lago@ns

classes proposed in this report;
 The pSWLPg I (i S NJ

representative ofi KBSeepiLake® Of | 4 &
¢ K Splakdd Shallow Lakes Of | a &

lj dzi £ A ( @louatain LAKYDWEER dnoref cdérvative and
LINBLI2ZASR AY
LINE LJ2caufi Re répyeseiitdd byabottid L2 NIi

0KA A&

NB LJ2 NJi

PSWLPHIIIQand WlountainQlake types sdoth have been used, Wil K Hill KaRe® W Of | & &

representing the minimum banding.

Table20: Lake water quality standards in Appendix E in the pSWLP (Decisions version, April 2018).

The colours represent the associated proposed attribute state optioand where A = blue, B =

green, C = yellow and D = red.

. Lowland/ . Mountain

Attribute Coastal Lakes Hill Lakes L akes
Ecosystem health
Phytoplankton (chlh mg/m?) <5 <5 <2
Ammonia (toxicity) (mg/L) <0.9 <0.9 <0.32
Human health for recreation
Faecatoliforms (CFU/100mL) <1,000 <130 <130
E. col(E. colil00mL)converted <860 <110 <110
E. col(E. colil00mL)at popular bathing siteg <130

1 Ammonia toxicity standardised to pH 8 at@0

2 A conversion factor was used to convert Faecal Coliforms & anliconcentration. Data up to June 2019 from Southland

lakes and lagoons was used to derive the linear relationship Faecal Coliforms =B.1®42R = 0.95. Conversion factor:

100 Faecal Coliforms = &6 coli

The option range for setting freshwater objectivess been adjusted to incorporate the water quality

standards inTable20 as the new minimum option as shownTiable21. TheNatural Statdake class

14 A regime shiftoccurs whera lake shifts from a clear water macrophyte dominated state to a phytoplankton dominated
state which results in the loss of macrophytes, reduces clarity and threatens fish and other organisms.
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has a water quality requireentofa y 2 OK I y 3 S ¢ fréshater btfeStidgpioAsNake not
presented for this lake type.
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Table21: Option range for setting numeric freshwater objectives for Southland lakes incorporating watelity standards in the pSWLP. Coloured cells

show where the minimum option is set in the pSWLP.

Attribute Natural state SO SIEN S e Deep lakes S EENEE Reference source
shallow lakes lakes and lagoons

National compulsory attributes
Phytoplankton (Ckh mg/m®) B AtoB A B NPSFM (2017)
Total phosphorus (mg/L) A+to C A+to C A+to C A+to C NPSFM (2017)
Total nitrogen (mg/L) No change A+to C A+to C A+to C A+to C NPSFM (2017)
Ammonia (toxicity) (mg/L) C BtoC B C NPSFM (2017)
Cyanobacteria (biovolume nith) AtoC AtoC AtoC AtoC NPSFM (2017)
E. col(E. coli100mL) B A A B NPSFM (2017)
Proposed Southland attributes for numeric freshwater objectives
E. coliat popular bathing sites A A A A pSWLP
Trophiclevel index (TLI) A+to C A+to C A+to C A+to C :|a(r;(l)”12; al (2014), Kelly e
Macrophytes (% cover) AtoC AtoC AtoC AtoC NIWA and EBoP
Submerged plants (nativeness) No change AtoC AtoC AtoC AtoC Draft NPS-M (2019)
Submergedglants (invasive species) AtoC AtoC AtoC AtoC Draft NPS-M (2019)
Dissolved oxygen (lake bottom) AtoC AtoC AtoC AtoC Draft NPS=M (2019)
Dissolved oxygen (miaypolimnetic) AtoC AtoC AtoC AtoC Draft NPS=M (2019)
Nitrate (toxicity) (mg/L) AtoC AtoC AtoC AtoC Hickey et al (2013)

Proposed Southland attributes for narrative freshwater objectives

unsuitable for human consumption by the presence of contaminant

Fish

Lake margin habitat No change Narrative freshwater objective to be developed

Aquatic marginal habitat

Additional current attributes from the pSWLP

Odour There shall be no objectionable or offensive odour present. pSWLP

Bacterial or fungal growths Ther(_e shaII_ be no t_)apterlal or fu_ngal slime growths visible to the ng DSWLP
No change | eye, including withimischarge mixing zones.

Edible species Edible species such as fish and shellfish shall not be rendered DSWLP
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4  Attribute state assessment for Southlanidkes

TheNPE€a O6HAMTUO NBIjdzZANBa g (SN |j dzThefefore, kribledge f WY I Ay
current state is required in order to ensure no deterioration occurs. This section describes how the

state assessment of the proposed attributes was undertaken. This assessment was used to inform the
Current Environmental Statey R G KS aDFL¥ G2 5N Fd CNIepokgl (SNJ
(Norton et. al., 20199 KSNBE G KS RN} Fi FTNBaKgl G4SN 202S00GA0BSa ¢
AYLINRGDSQ NBIAAMBYSYyG 2F (GKS bt {

4.1 Assessment methodology

The analysis of attributea&te incorporates assessment of four spatial scales (site within a lake, a lake,

and bylake claspusingthree time periods (20102016 Y R WLINB & &.yHydologiddlyears m ¢ 0
(hereafter referred to as year§)were usedunless a differentime periodhas been specifiedUnless

otherwise statedthree preceding year§ 2 NJ S| OK GAYS LISNA2R 6S®3Id HAan
HamMmokmn (G2 wHamMpkmc FT2N) Wanmc Q | Y Roacoouncfermny G2 H
climate variability that would nobe accounted fousing aone-year dataset.

Not all attributes have beeable to beassessed for dimescale and spatial scale for reasons including

1 Lake Vincent, The Reservoir, Lake Georgre not monitored pre2015;

1 Waiau Lagoomonitoring programne began in late 2016;

1 There was a gap in the monitoring dab@causemonitoring was halted dudgo budget
constraints in the glacial lakes programme between 2014 and;2017

9 Lakes that are currently not covered in the water quality monitoring programme (Lake
Brunton, Mavora Lakes and Lake Hauroko) have previously been assessed for macrophyte
O2@SNJ FYR [F1S {tLX (KS&S KI @S 0SSySé yiCE@sRESR
of analysis;

1 Lake Sheila, Lake Calder and Lake Brunton were assessed in 2012 in a study by Cawthron to
provide an indicative state. The report values have been shown in the proceselitign
howeverthese do not meet the minimum statistical reigegiment for the attribute; and,

9 For some attributes the analysis was not undertaken by Environment Southland and the data
presented is directly from an existing monitoring report (e.g. Lakar@Pinacrophyte covér
In these instances, the data may notetitly align with the proposed baseline years 2010,

2016 and 2019in which case the closest time period was udedta sourceare identified in
the following sections

Data was analysed using Time Trends (v.6.30, 2017) for metrics such asmediam, 9% percentile,
maximum and minimum. Microsoft Excel (2016) was used where additional analysis was required such
as the % exceedances fér color basic plotting.

Where numerical values were below the limit of detection a general rule wagedpghe below detect

was replaced with a numerical value equivalent to a half fraction of the detection limit. Studies have
shown that the application of this rule is not suitable for trend analysis (Helsel, 2006), however the
purpose of this report wasat to assess trends but to report on state for two baseline years (2010 and
2016) and current state (2019). The statistical analyses were applied to attribute state bandings, in all

15Hydrological yeais defined as July 1 to June 30 inclusive.
16 Summary statistics for key parameters are presented in Appendix 2
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cases nordetect values lie within the A banding before applying the fratftion rule and therefore
is unlikely to misrepreserihe true state of the laké is currently presented.

If multiple statistical tests are required to determine the attribute stgég. annual median and
annual maximum are required for phytoplaoki), then the poorest attribute state bandas applied

and reflects the finattribute state. Where the attribute statewas calculéed for a lagoon system

that is periodically open and closed to the codisg statistichas beercalculated separately féP 2 LIS y Q
YR W adidisiaBdbah states are presentetiisrecommendedhat aprecautionary approach

be takenfor these types of systenand®losedzonditions shouldbe preferentiallyused to determine
attribute state because this is when the lagn is most vulnerable. Where the preferred statistics
could not be metthis is outlined iMppendixl.

4.1.1 Spatial scales

Sites within a lake

Where appropriate for the attributeindividual sites within a lakewere analysed for state in 2010,
2016 and 2019 using the preferred statistic outlined able22. In some instances, the frequency of
sampling did not meet the minimum dtstical requirement for the attribute, invhich casestate is
reported as a best estimate and shouldtbeated as having much higher uncertaingtate has been
tabulated for theassessmenthree periods (201Q 2016 and 2019 along with thepercent change
needed to meet the minimum requirement of the dréifeshwater objective (see Norton and Wilson,
2019) referredtol & G KS W3l LIOfeshwakeBSokjBctivghas bdemdkntifidd, the percent
changeas not beerrecorded

Lake

Lake datavasscreened for site sets within a lake, where all lake sites were not monitored on a given
date the date was removed from the analysis to prevent bias toward a particular lakeTk#e.
attribute statistics was applied to the grouped data to determine stite each attribute. This

F LILINB I OK gt a dzaSR FT2NJ I ff W9 GHaah edalftribLité&segi K Q
E. col are associated with a rigk human health,a precautionary approach was taken and the
individual site with the poorestrgding within the lake was reported®ites were not grouped for

Fyrteara 2F GKS Widzyty 1SFEGKQ FTGGNAROodziSa oSOl

misrepresent the risk to human healtNote attributes such as macrophyte cover and Lake SPI are
onf & NI LJ2 NIi S Bpatkizdalbec&usSe théde htttibbt®s are not applicable to individual sites.
State has been tabulated for the baseline period (2010 and 2016) and current (2019) in addition to
the percent reduction needed to meet the minimumgrgrement of the draft FWO, known as the

W3 LIQ® 2KSNB y2 RNITFH Cc2h KIa 68Sy NBLRNISR GKS

Lake class

Lake class did not require additional analyses, the lake sites were grouped into appropriate classes
and the datareported. The lakes programme is small compared to the river network and therefore
box and whisker plots were not a suitable representation of the data, instead the graphical
representation of the data represents the numerical value used for the assesanhéhe site level
against the attribute banding. The table includes the proportion of sites within each banding for all
lake types, including natural state, for 2010, 2016 and 2019. Furthermore, the proportion of sites
where, one, two and three state jpnovement would be needed to meet the FWO is presented.
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Figure7: Example of the different spatial scales usedthe lake attribute state assessment

Site level Lake level

Lake class

river inflow

Lowland shallow lake Brackish Lagoon Upland shallow lake

Deep Lake
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Table22: Minimum statistical requirements for lake attributes accounted for in the analysis of state.

Attribute

Assessmenttatistics

Minimum data
requirements'

Additional assessmentriteria

National compulsory attribute

Phytoplankton

= =

Annualmedian
Annualmaximum

3 years of monthly sampling
n=36

Lakes and Lagoons intermittently open to tl
sea, data is analysed separately for open/
closed periods.

Totalphosphorus

Annualmedian

3 years of monthly sampling
n=36

Lakes and Lagoons intermittently open to tl
sea, data is analysed separately for open/
closed periods.

Total nitrogen

Annualmedian

3 years of monthly sampling
n=36

Assessment must considehether the lake
is seasonally stratified or polymictic. Bracki
lakes are grouped with seasonally stratified
lakes.

Lakes and Lagoons intermittently open to tf
sea, data is analysed separately for open/
closed periods

Ammonia (toxicity)

= =

Annualmedian
Annualmaximum

3 years of monthly sampling
n = 36

Lakes and Lagoons intermittently open to tf
sea, data is analysed separately for open/
closed periods.

E. coli

= =4 -

Median

95" percentile

% exceedances over 5&)
coly100mL

% exceedances over 260
col/ 100mL

5 years of monthly sampling
n =60

Lakes and Lagoons intermittently open to tf
sea, data is analysed separately for open/
closed periods

Cyanobacteria

80" percentile

3 years of monthly sampling
n = 36.

Lakes and Lagoons intermittentipen to the
sea, data is analysed separately for open/
closed periodsNPSFM recommends 30
samples over 3 years with a minimum of 12
samples over 3 years accepted.
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Attribute

Assessmenttatistics

Minimum data
requirements'

Additional assessmentriteria

Proposed Southland attribute

Tropic state level (TLI)

1 Annualmean

TLI3 = 1/3 (TLc + TkpTLn)

Chlorophyll (TLc) = 2.22 + 2.54log[Chla]

TP(TLp) = 0.218 + 2.92l0g[TP]
TN(TLn) =3.61 + 3.01log[TN]

3 years of monthly sampling
n = 36.

Lakes and Lagoons intermittently open to tl
sea, data is analysed separately for open/
closed periods.

Each parameter TLc, TLp, TLn and then TL|
calculated separately per sampling data
before the mean TLI3 is calculatdd.I4 was
not used because secchi depth was not
always available.

Nitrate (toxicity)

Annualmedian
95" percentile

= =

3 years of monthlgampling,
n =36

Lakes and Lagoons intermittently open to tf
sea, data is analysed separately for open/
closed periods.

Dissolved oxygen (lake bottom)

T Annualminimum

3 years of monthly sampling
n =36

Lakes and Lagoons intermittently open to tf
sea, @ta is analysed separately for open/
closed periods.

Attribute only applies to shallow and brackis
lakes.

Dissolved oxygen (nmHaypolimnetic)

T  Annualminimum

3 years of monthly sampling
n = 36

Attribute only applies to seasonally stratifie
lakes

Macrophyte$

1 Total % cover of available
habitat

Assessment based on the
likely maximum annual
biomass in a ongear
period.

Attribute applies to the
available macrophyte
habitat determined by
morphological, hydrological
and substrate conditions.

The totd percent cover is weighted with %
cover across the polygon and the coverage
across the whole lake. E.g.

Total % cover = Sum(% cover x polygon
area)/ total area of available habitat x 100
Sum(% cover x polygon area): % cover is
estimated across lakieansects that
represent particular areas of the lake, these
are extrapolated to the whole polygon area
Polygons are summed to represent the tota
available habitat within the lake.
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Minimum data

Attribute Assessmenttatistics : Additional assessmentriteria
requirements'
Tropic level (LakeSPI) 1 Lake SPI Score (%) Assessment based on the | Numeric attribute state to be calculated
1 % reduction in score likely maximum annual annually following the method described in
1 NativeCondition Index (%) biomass in a one year Clayton and Edwards (2006).
f Invasive Impact Index (%) | period.

1Where the preferred statistics could not be met the conditions are presented in Appendix 1.

2The overall gradéas been assigned for macrophyte cover by referring to available monitoring reports in the years the assessments haveéedmese do natlways align with the
assessment years (2010, 2016 and 2019) in which casevilable data has been assigned to the closest yNarconsideration is needed for open and closed periods in brackish lakes and
lagoons because a single score is reportedtie survey. Plant indicators are long term indicators and will not respond rapidly to changing conditions.

3The overall grade has been assigned for LakeSPI by referfiivid Lake Submerged Plant Indicators Databatbes(//lakespi.niwa.co.nz). No consideration is needed for open and closed
periods in brackish lakes and lagoons because a single score is reported for the survey. Plant indicators are longatersiandievi not respond rapidly to changing conditions.

4The NP$M (2017) recommends a minimum of 60 samples over 5 years, however, where a sample is missed the state may be determined@&viémeframe.
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4.1.2 Location of monitored Sothland lakes

The analysis of attribute state was undertaken using Environment Southlandelongstate of the
environment) monitoring data. The lake sites within this program are shown in Fgeltiple sites
are monitored in each lake and are peesed as site level spatial scale.

Historically investigations and limited monitoring has occurred in other lakes across the region. Where
this information is available, it has been used in the analysis, however the uncertainty with this data
is much hijher as the limited data available do not meet the minimum statistical requirements
outlined inTable22.

N

A

Waiau Lagoon
Lake George

Lake Murihiku

Waituna Lagoon

/1
.\The Reservoir

Lake Brunton
Lake Sheila

47 7 . Lake Calder

0 125 25 50 Kilometers
L by ond

Figure8: Lakes monitored irSouthland. Note: the blue dots represent lakes in the current leng
term (state of the environment) lake monitoring programme while black/grey dots represent lakes
with historical data.
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4.2 Attribute state resultsg by sites

Table23to 27 provide results for the attribute state assessment for sites within lakes for the three
assessment periods (2010, 2016 and 2019), along with the reduction required to achieve the draft
freshwater objective described imable 21. Refinement of the draft freshwater objectives to
AYO2NLIR2 NI GS GKS WY Ayil A yFMusdg e dtdeRBesDner®d delovi i$ NA |
provided in Norton et al., 2019.
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Table23: Phytoplankton (Chlorophyif) and trophic state (TLI3) attribute state bands by monitoring sile€ NJ H 1M n

OQUNOQYR wmmmch & @map

Phytoplankton TLI3
Class FMU site orat State (ge z n? > H "{m(gxim{ui)s R o State E‘:ne;ﬁ)s S
10 | 16 [ 19] 10 | 16 | 19 ] 10 | 16 | 19 10 | 16 [ 19 | 10 | 16 | 19
Upland Shallow Lake NA NA A NA NA NA NA NA
LowlandShallow Lake Aparima Lake George NE B B D 0 0 0 72 © C
Lowland Shallow Lake Aparima Lake George SW B B D 0 0 0 72 C (]
Lowland Shallow Lake Mataura Lake Vincent Centre B B B 0 0 0 0 € (¢
Lowland Shallow Lake Mataura LakeVincent North B B B 0 0 0 0 © C
Lowland Shallow Lake Mataura The Reservoir Centre B | ND| D C |ND| 71| 44 | ND | 19 0 ND| C C
Lowland Shallow Lake Mataura The Reservoir West B D C 67 | 44 11 0 € (¢
Brackish Lake or Lagoon | Waiau Waiau Lagoon Middle B ND| B ND| O ND | O ND| C
Brackish Lake or Lagoon | Waiau Waiau Lagoon Monitoring Station B ND| B ND | O ND | O ND | C
Brackish Lake or Lagoon | Waiau Waiau Lagoon opp boat ramp B ND | C ND | O ND | 4 ND | B
Brackish Lake or Lagoon | Mataura Waituna Lagoon EasCLOSED B B B B 0 0 0 0 0 0 € € (¢
Brackish Lake or Lagoon | Mataura Waituna Lagoon EasOPEN B | ND| B A | ND| O 0 ND | O 0 ’:Ztt ND | B (¢ NA
Brackish Lake or Lagoon | Mataura Waituna Lagoon SouthCLOSED B C © C 0 0 0 26 4 32 @ @ C
Brackish Lake or Lagoon | Mataura WaitunalLagoon SouthOPEN B | ND| B B |ND| O 0 ND | O 0 ND | C B
Brackish Lake or Lagoon | Mataura Waituna Lagoon CentreCLOSED B C © C 0 0 0 31 7 11 © © C
Brackish Lake or Lagoon | Mataura Waituna Lagoon CentreOPEN B | ND| B A | ND| O 0 ND | O 0 ND | B B
Brackish Laker Lagoon Mataura Waituna Lagoon WestCLOSED B D © C 0 0 0 79 | 11 | 31 @ @ C
Brackish Lake or Lagoon | Mataura Waituna Lagoon WestOPEN B | ND| A C |ND| O 0 0 0 7 ND | B B
Deep Lake (Natural State)| Waiau Lake Te Anau Blue Gum Point A A A A+ A+
Deep Lake (Natural State)| Waiau Lake Te Anau South Fiord A A A+ A+ A+
Deep Lake (Natural State)| Waiau Lake Manapouri Stony Point A A | ND | A+ Nr?eieh daer:jge Nr?e(ieh daen dge A+ | ND | A+
Deep Lake (Natural State)| Waiau Lake Manapouri Frazers Beach A A A+ A A+
Deep Lake (Natural State)| Waiau Lake Manapouri Pomona Island A A A+ A+ A+
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Table24: Total phosphorus and total nitrogeattribute state bands by monitoring site¥ 2 NJ Hamn o0 Wmn QU Z
Total Phosphorus Total Nitrogen
Class FMU Site Draft State a:z(ﬁedi);n? SR Draft State i:z(gediﬁs SH
PV 01619 10]16] 10 |™Y 0] 16[10]10]16]19

Upland Shallow Lake NA NA NA NA

Lowland Shallow Lake Aparima Lake George NE © C B ©

Lowland Shallow Lake Aparima Lake George SW © C C ©

Lowland Shallow Lake Mataura Lake Vincent Centre © C D ©

Lowland Shallow Lake Mataura Lake Vincent North © B D ©

Lowland Shallow Lake Mataura The Reservoir Centre ND| C C ND| C C

Lowland Shallow Lake Mataura The Reservoir West Cc C C C

Brackish Lake or Lagoon | Waiau Waiau Lagoon Middle ND | C ND| C

Brackish Lake or Lagoon | Waiau Waiau Lagoon Monitoring Station ND | C ND| C

Brackish Lake or Lagoon | Waiau Waiau Lagoon opp boat ramp ND| C ND| C

Brackish Lake or Lagoon | Mataura Waituna Lagoon EasCLOSED C C C D D D

Brackish Lake or Lagoon | Mataura Waituna Lagoon EasOPEN E:: ND | C C NA I;lgtt ND | C D NA
Brackish Lake or Lagoon | Mataura Waituna Lagoon SouthCLOSED C © C C D D

Brackish Lake or Lagoon | Mataura Waituna Lagoon SouthOPEN ND | B B ND | B B

Brackish Lake or Lagoon | Mataura Waituna Lagoon CentreCLOSED C C C D D D

Brackish Lake or Lagoon | Mataura Waituna Lagoon CentreOPEN ND| C B ND | B @

Brackish Lake or Lagoon | Mataura Waituna Lagoon WestCLOSED C © C D D D

Brackish Lake or Lagoon | Mataura Waituna Lagoon WestOPEN ND | C C ND| C ©

Deep Lake (Natural State)| Waiau Lake Te Anau Blue Gum Point A+ A+ A+ A

Deep LakéNatural State) | Waiau Lake Te Anau South Fiord A+ A+ A+ A

Deep Lake (Natural State)| Waiau Lake Manapouri Stony Point A+ | ND | A+ A+ | ND| A

Deep Lake (Natural State)| Waiau Lake Manapouri Frazers Beach A A+ A+ A

Deep Lake (Natural State)| Waiau Lake Manapouri Pomona Island A+ A+ A+ A

oWmc QU
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Table25: Ammonia (toxicity) and nitrate (toxicityjttribute state bands by monitoring site¥ 2 NJ Hamn 6 WYmMn Q0 wnanmc O0W¥YmMc QO | YR
Nitrate!” Ammonia
Class FMU Site Draft State w(ﬁediﬁn? A ””":(;%m Wz/iles) SR Draft State ah:(gedi);n? A zﬁgmmaximyuri)s A
P9 101619101619 101610 "™ 0] 16 19] 1016 120] 10] 16] 10
Upland Shallow Lake NA NA NA B NA NA NA
Lowland Shallow Lake Aparima LakeGeorge NE Al A C Al A 0|0 0] 0
Lowland Shallow Lake Aparima Lake George SW Al A C Al A 0O 0] 0
Lowland Shallow Lake Mataura Lake Vincent Centre A A © B A 0 0 0 0
Lowland Shallow Lake Mataura Lake Vincent North Al A C B | A 0|0 0|0
Lowland Shallow Lake Mataura The Reservoir Centre ND| A | A cCc|ND| A[A|ND| O] O |ND| O] O
Lowland Shallow Lake Mataura The Reservoir West Al A C Al A 0|0 010
Brackish Lake or Lagoon | Waiau Waiau Lagoon Middle ND [ A @ ND | B ND | O ND | O
Brackish Lake dragoon Waiau Waiau Lagoon Monitoring Station ND [ A @ ND | B ND| O ND | O
Brackish Lake or Lagoon | Waiau Waiau Lagoon opp boat ramp ND | A © ND | A ND| O ND | O
Brackish Lake or Lagoon | Mataura Waituna Lagoon EasCLOSED B|A| A c|B|A|A|O]|]O]O0O]o0|O0]O0
Brackish Lake or Lagoon | Mataura Waituna Lagoon EasOPEN ’;l:tt ND | B A NA NA C |ND| B A |ND| O O |nNp| O 0
Brackish Lake or Lagoon | Mataura Waituna Lagoon SouthrCLOSED B|A| A c|B|A|A|O]|]O]|]O0O]o0|0]O0
Brackish Lake or Lagoon | Mataura Waituna Lagoon SoutrOPEN ND| A | A c|No| A|lA|ND| O] O |ND| O 0
Brackish Lake or Lagoon | Mataura Waituna Lagoon CentreCLOSED B|A| A c|B|A|A|O|]O]O0O]o0|O0O]O
Brackish Lake or Lagoon | Mataura Waituna Lagoon CentreOPEN ND | B A C |ND| B A |ND| O O |nNp| O 0
Brackish Lake or Lagoon | Mataura WaitunaLagoon West CLOSED B|A| A c|B|A|B|Oo|]O]|]O0O]o0o|O0]O0
Brackish Lake or Lagoon | Mataura Waituna Lagoon WestOPEN ND| B | B c|Nno| B|B|ND| O] O |ND| O 0
Deep Lake (Natural State)| Waiau Lake Te Anau Blue Gum Point A A B | A A | O 0|0 0
Deep Lake (Natur&tate) | Waiau Lake Te Anau South Fiord A A B A A 0 0 0 0
Deep Lake (Natural State)| Waiau Lake Manapouri Stony Point A |ND| A B|A|ND|A]| O|ND| O] O |ND| O
Deep Lake (Natural State)| Waiau Lake Manapouri Frazers Beach A A B | A A | O 0|0 0
Deep Lake (Natur&ltate) | Waiau Lake Manapouri Pomona Island A A B | A A | O 0|0 0

7 For waituna Lagoon, Lake Te Anau and Lake Manapouri NOx (Nitkitete) was used to make the assessment because nislatee was not masuredpre-2015. This was carried through
all the analysis years for consistency. At these sites nitrate makes up ~99% of the NOx on average.
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Table26: Dissolved oxygen (lake bottom) and dissolved oxygen (#hygbolimnetic) attribute state bands by monitoring site¥ 2 NJ Hamn o Wmn QO X i

and 2019 Qm QU

Lake Bottom Dissolved Oxygen Mid-Hypolimnetic Dissolved Oxygen
Class FMU Site Draft State a:imc?nimin?)s R Draft State E:im(?nimin?)s §
PO 01619 10]16] 10 |™Y 0] 16[10]10]16]19
Upland Shallow Lake NA NA NA NA
Lowland Shallow Lake Aparima Lake George NE A A
Lowland Shallow Lake Aparima Lake George SW A A
Lowland Shallow Lake Mataura Lake Vincent Centre A A
Lowland Shallow Lake Mataura Lake Vincent North A A
LowlandShallow Lake Mataura The Reservoir Centre A A
Lowland Shallow Lake Mataura The Reservoir West A B
Brackish Lake or Lagoon | Waiau Waiau Lagoon Middle ND | B
Brackish Lake or Lagoon | Waiau Waiau Lagoon Monitoring Station ND | A
Brackish Lake or Lagoon | Waiau Waiau Lagoon opp boat ramp ND [ A NA | NA | NA
Brackish Lake or Lagoon | Mataura Waituna Lagoon EasCLOSED A | ND
Brackish Lake or Lagoon | Mataura Waituna Lagoon EasOPEN ':2: ND B | ND NA ’;‘:tt NA
Brackish Lake or Lagoon | Mataura Waituna Lagoon SouthCLOSED A | ND
Brackish Lake or Lagoon | Mataura Waituna Lagoon SouthOPEN A | ND
Brackish Lake or Lagoon | Mataura Waituna Lagoon CentreCLOSED A A
Brackish Lake or Lagoon | Mataura Waituna Lagoon CentreOPEN A A
Brackish Lake or Lagoon | Mataura Waituna Lagoon WestCLOSED A | ND
Brackish Lake or Lagoon | Mataura Waituna Lagoon WestOPEN A | ND
Deep Lake (Natural State)| Waiau Lake Te Anau Blue Gum Point
Deep Lake (Natur&tate) | Waiau Lake Te Anau South Fiord
Deep Lake (Natural State)| Waiau Lake Manapouri Stony Point ND | ND ND
Deep Lake (Natural State)| Waiau Lake Manapouri Frazers Beach
Deep Lake (Natural State)| Waiau Lake Manapouri Pomona Island
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Table27: E. coliand cyanobacteriattribute state bands by monitoring site¥ 2 NJ Hamn oWMnQOX wamMc OWmMcQU YR HAM®D

E. col® Cyanobacteri&’
Class FMU Site Draft SiEls B (ﬁedi);n? > zn:(gcg')‘“ 0/?)/iles) = e;:egian)c/ei >52§O e;&;gjan{ei >55§O Draft SIELS zhzmchim)ﬁri)s ]
P9 10 16 [ 10 [10[16] 19| 101619 [ 102620 2026 [ 120 |"™F 10] 16 [ 19| 10] 16 ] 19
Upland Shallow Lake NA NA A NA NA NA NA
Lowland Shallow Lake Aparima Lake George NE B A 0 0 0 0 -
Lowland Shallow Lake Aparima Lake George SW B D 7 0 0 0 -
Lowland Shallow Lake Mataura Lake Vincent Centre B A 0 0 0 0 -
Lowland Shallow Lake Mataura Lake Vincent North B A 0 0 0 0 -
Lowland Shallow Lake Mataura The Reservoir Centre B A 0 0 0 0 -
Lowland Shallow Lake Mataura | The Reservoir West B A 0 0 0 0 -
Brackish Lake or Lagoon | Waiau Waiau Lagoon Middle B D 0 56 0 0 -
Brackish Lake or Lagoon | Waiau Waiau Lagoon Monitoring Station | B D 0 55 0 0 A
Brackish Lake or Lagoon | Waiau Waiau Lagoon opp boat ramp B D 0 32 0 0 -
Brackish Lake or Lagoon | Mataura | Waituna Lagoon EasCLOSED B A 0 0 0 0 -
Brackish Lake or Lagoon | Mataura Waituna Lagoon EasOPEN B A 0 0 0 0 Not - NA
ND | ND ND | ND ND | ND ND | ND ND | ND Set | ND | ND
Brackish Lake or Lagoon | Mataura Waituna Lagoon SouthCLOSED B A 0 0 0 0 -
Brackish Lake or Lagoon | Mataura Waituna Lagoon SouthOPEN B A 0 0 0 0 -
Brackish Lake or Lagoon | Mataura Waituna Lagoon CentreCLOSED B B 0 0 0 0 c
Brackish Lake or Lagoon | Mataura Waituna Lagoon CentreOPEN B A 0 0 0 0 -
Brackish Lake or Lagoon | Mataura Waituna Lagoon WestCLOSED B A 0 0 0 0 -
Brackish Lake or Lagoon | Mataura | Waituna Lagoon WestOPEN B A 0 0 0 0 -
Deep Lake (Natural State)| Waiau Lake Te Anau Blue Gum Point A A
Deep Lake (Natural State)| Waiau Lake Te Anau South Fiord A -
Deep Lake (Natural State)| Waiau Lake Manapouri Stony Point A ND ND ND ND ND A
Deep Lake (Natural State)| Waiau Lake Manapouri Frazers Beach A -
Deep Lake (Natural State)| Waiau Lake Manapouri Pomona Island A -

18E. colsamples for Lake Manapouri and Lake Te Anau are only collected at one bathing beach site most ioydaotesh activity. This is reported in the lake level analysis.
19 hallow lakes data has been collected since late 2016 however for cyanobacteria the samples are mixed into compositectheplata for these systemarereported in the lake level.
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4.3 Attribute state resultsc by lakes

Table28 to 36 provide results for the attribute state assessment at the lake scale for the three assessment periods (2010, 2016 aatb@§18ih the
reduction required to achieve the draft freslater objective described ihable21®
2NJ AYLINR @S Q O NBMuSIngRkhe stafessBssmeit Kefow is prgvided in Norton et al., 2019.

WSTAYSYSyi

Table28: Phytoplankton (Chlorophyih) and trophic state (TLI3) attribute state bands byl 1 S &
attribute state hasbeen estimatedfrom a limited survey

F2NJ HAMAN

27

0KS RNJ Fi

FNBaKg!l (SN

0 Wmn QRed tetshows 6 Wmc Q

Phytoplanktorl _ - TLI3 |
Class FMU Site Draft State Q“E(gedﬁgs S ﬁ:némmaximﬁrsr.])s A Draft State ?:neg;)s SF
P9 10 161910 1610 10] 1610 |™) 10 16120 10] 16] 19
Upland Shallow Lake NA NA A NA NA NA NA NA
Lowland Shallow Lake Aparima Lake George B B D 0 0 0 72 @ C
Lowland Shallow Lake Mataura Lake Vincent B B B 0 0 0 0 @ C
ND ND ND ND

Lowland Shallow Lake Mataura The Reservoir B D C 69 | 44 19 0 € (¢
Brackish Lake or Lagoon | Waiau Waiau Lagoon B ND| C ND | O ND | 4 ND | C
Brackish Lake or Lagoon | Mataura Waituna Lagoor CLOSED B D © C 0 0 0 79 | 11 | 32 Not © © C e
Brackish Lake or Lagoon | Mataura Waituna Lagoor OPEN B |ND| C C |ND| O 0 ND | O 7 set ND | B B
Deep Lake (Natural State)| Waiau Lake Te Anau A A | ND| A+ | O ND| O 0 ND | O A+ | ND | A+
Deep Lake (Natural State)| Waiau Lake Manapouri A A |ND|A+| O | ND| O 0 ND | O A+ | ND | A+
Lowland Shallow Lake Fiordland & Islands Lake Sheifd B A 0 0 A
Lowland Shallow Lake Fiordland & Islands Lake Caldé? B A ND 0 ND 0 ND A NA NA
Brackish Lake or Lagoon | Mataura Lake Bruntoff B A 0 0 B

20pata from Schallenberg and Kelly (20EXological condition of six shallow Southland lakéss is an indicative state based on the data in the report, the minimum statistical requirement

has not been met.
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Table29: Total phosphorusandtotal nitrogen attribute state bands byt I { S &

been estimatedfrom a limited survey

F2NJ HAMnAN

6 Wmn Q Ked tent shaves attiiséite stddebhask y' R

Total Phosphorus

Total Nitrogen

Class FMU Site Draft State f:s(ﬁedfgrﬁ' SR Draft State E:E(ﬁedés o
FW010|16|19 10 [ 16 | 19 FW010|16‘19 10 | 16 | 19
Upland ShalloviLake NA NA NA NA
Lowland Shallow Lake Aparima Lake George © C C ©
Lowland Shallow Lake Mataura Lake Vincent © C D ©
Lowland Shallow Lake Mataura The Reservoir Cc C C C
Brackish Lake or Lagoon | Waiau Waiau Lagoon ND | C NA ND| C NA
Brackish Lake or Lagoon | Mataura Waituna Lagoor CLOSED Not C C C Not D D D
Brackish Lake or Lagoon | Mataura Waituna Lagoor OPEN set ND | C C set ND | C @
Deep Lake (Natural State)| Waiau Lake Te Anau A+ | ND | A+ A+ | ND| A
Deep Lake (Natural State)| Waiau Lake Manapouri A+ | ND | A+ A+ | ND| A
Lowland Shallow Lake Fiordland and Islands | Lake Sheifa A A
Lowland Shallow Lake Fiordland and Islands | Lake Caldét A ND NA A ND NA
Brackish Lake or Lagoon | Mataura Lake Brunto?t C C

2IData from Schallenberg and Kelly (2012) Egiold condition of six shallow Southland lak€kis is an indicative state based on the data in the report, the minimum statistical requirement

has not been met.
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Table30: Ammonia (toxicity)and nitrate (toxicity) attribute state bands byt I { S &

has been estimatedrom a limited survey

F2NJ HAMAN

0 WM n Q Rexd text sheves attiibite stade)

Nitrate _ - Ammonia - |
Class FMU Site Draft State S"E(ﬁedérﬁ ) E‘E(Q%h O/gi.les) SR Draft State S"E(gedi{m? SR E”Emchim{”i)s )
FW010‘16|19 10 | 16 | 19| 10 [ 16 | 19 FWOlO‘lG‘lQ 10| 16 ] 19| 10 | 16 | 19
Upland Shallow Lake NA NA NA B NA NA NA
Lowland Shallow Lake Aparima Lake George A A © A A 0 0 0 0
Lowland Shallow Lake Mataura Lake Vincent A A © B A 0 0 0 0
ND ND ND ND
Lowland Shallow Lake Mataura The Reservoir A A C A A 0 0 0 0
Brackish Lake or Lagoon | Waiau Waiau Lagoon ND [ A NA NA @ A B ND | O ND | O
Brackish Lake or Lagoon | Mataura Waituna Lagoor CLOSED Not B B B © B A B 0 0 0 0 0 0
Brackish Lake or Lagoon | Mataura Waituna Lagoor OPEN set ND | B © C |ND| B B | ND| O O | ND| O 0
Deep Lake (Natural State)| Waiau Lake Te Anau A | ND| A B A | ND| A 0O | ND| O O | ND| O
Deep Lake (Natural State)| Waiau Lake Manapouri A | ND| A B A [ ND| A 0 ND| O 0 ND | O
Lowland Shallow Lake Fiordland & Islands | Lake Sheif& A @ A 0 0
Lowland Shallow Lake Fiordland & Islands | Lake Caldé? A ND NA NA © A ND 0 ND 0 ND
Brackish Lake dragoon Mataura Lake Bruntof? A C A 0 0

22Data from Schallenberg and Kelly (20EXological condition of six shallow SouthlandtaK his is an indicative state based on the data in the report, the minimum statistical requirement

has not been met.
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Table31: Dissolved oxygen (lake bottom) and dissolved oxygen (fhigholimnetic) attribute state bands byt I 1 S& F 2 NJ

0QmdpQL
LakeBottom Dissolved Oxygen Mid-Hypolimnetic Dissolved Oxygen
2@ YySSR 2@ Yy SSH
Class FMU Site Draft State (minimum) Draft State (minimum)
FWO ™10 |16 [ 19| 10| 16| 19 FWO™ 1o | 16 [ 19| 10] 16 | 19
Upland Shallow Lake NA NA NA NA
Lowland Shallow Lake Aparima Lake George A
Lowland Shallow Lake Mataura Lake Vincent A
Lowland Shallow Lake Mataura The Reservoir B
. . . Not Not NA
Brackish Lake or Lagoon | Waiau Waiau Lagoon ND | B NA NA
set set [ \a NA
Brackish Lake or Lagoon | Mataura Waituna Lagoorn CLOSED A A A
Brackish Lake or Lagoon | Mataura Waituna Lagoor OPEN ND A
Deep Lake (Natural State)| Waiau Lake Te Anau ND | ND | ND ND
Deep Lake (Natural State)| Waiau Lake Manapouri ND | ND | ND ND

HNMN

owvmnQou <
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Table32: E. coliand cyanobacteriaattribute state bands byt I {1 S& F2NJ Hamna oWMnQOX HaAaMc OWYMcQU YR HAM®D

E. coli Cyanobacteria
. aa . ~ad 2@ YSSH 2@ ySSH . ama
72 Q@ SSH i:Q@ SSH y 2@ S SH
Class EMU Site Draft State " (me di)g n) " (95" U/zfile) (% exceedancey (%exceedances|praft State h(maximyum)
FWO >260) >540) FWO
10| 16 19 [10] 1619 10] 16| 19| 10| 16| 19 10] 16| 19 1016 [ 19| 10 16 | 19
Upland Shallow Lake NA NA A NA NA NA NA
Lowland Shallow Lake Aparima Lake George B D 7 0 0 0 A
Lowland Shallow Lake Mataura Lake Vincent B A 0 0 0 0 ND
Lowland Shallow Lake Mataura The Reservoir B A 0 0 0 0 A
ND | ND ND | ND ND | ND ND | ND ND | ND Not
Brackish Lake or Lagoon Waiau Waiau Lagoon B D 56 0 0 0 A
set ND | ND NA
. Waituna Lagoon
Brackish Lake or Lagoon Mataura CLOSED B B 0 0 0 0 @
Brackish Lake or Lagoon Mataura Waituna Lagoort B A 0 0 0 0 ND
OPEN
Deep Lake (Natural State) | Waiau Lake Te Anau A A A A 0 0 0 0 0 0 0 0 0 0 0 0 A
Deep Lake (Natural State) | Waiau Lake Manapouri A A A A 0 0 0 0 0 0 0 0 0 0 0 0 A
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Table33: Tropic state (LakeSP4}tribute state bands byt I 1 S &

F2NJ HAMAN

LakeSPI Scofé

) 2@ ySSH
Class FMU Site Draft Sl (LakeSPI Score
WO 10 16 [ 19 | 10 | 16 [ 19
Upland Shallow Lake NA NA ND
Lowland Shallow Lake Aparima Lake George A+
Lowland Shallow Lake Mataura Lake Vincent B
ND

Lowland Shallow Lake Mataura The Reservoir B
Brackish Lake or Lagoon | Waiau Waiau Lagoon ND
Brackish Lake or Lagoon | Mataura Waituna Lagoon ':2: ND | ND NA
Deep Lake (Natural State)| Waiau Lake Te Anau B ©
Deep Lake (Natural State)| Waiau Lake Manapouri C ©
Deep Lake Waiau North Mavora Lake B | ND
Deep Lake Waiau South Mavora Lake B | ND
DeepLake (Natural State) | Fiordland & Islands | Lake Hauroko B B

23 Data sourced from NIWA Lake Submerged Plant Indicators Datdtigse/(lakespi.niwa.co.nb)

owvYwmMmnQu X

HO1MC

oWmc QU

F Y R

HAMd O Qw
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Table34: Submerged plants (nativeness) and submerged plants (invasive spegiggute state bands byt 1 Sa T2 NJ HAawm~n

LakeSPI Native Condition Ind&x

Lake SPI Invasive Impact Index

Class FMU Site Draft State @i e s L g State wR@ s sh
FW. (Native Index) FW (Invasive Index)
10[16]19]10] 16| 19 10[16] 19| 10] 16 [ 19
Upland Shallow Lake NA NA ND ND
Lowland Shallow Lake Aparima Lake George A A
Lowland Shallow Lake Mataura Lake Vincent B €
ND ND
Lowland Shallow Lake Mataura The Reservoir B B
Brackish Lake or Lagoon | Waiau Waiau Lagoon ND ND
. . Not Not
Brackish Lake dragoon Mataura Waituna Lagoon set ND | ND NA set ND | ND ND
Deep Lake Natural State Lake Te Anau © C B @
Deep Lake Natural State Lake Manapouri © C (¢ €
Deep Lake Waiau North Mavora Lake B | ND C | ND
Deep Lake Waiau South Mavora Lake B | ND C | ND
Deep Lake Fiordland & Islands | Lake Hauroko © C B B

24 Data sourced from NIWA Lake Submerged Plant Indicators Datdtifgsse/(lakespi.niwa.co.nzy

owWYmnQu X
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Table35: Macrophytes (% cov@mattribute state bands byt I { S& F2NJ Hamn oW¥WmMnQO X
Macrophyte Cover
Class FMU Site Draft State QY SSH
FW. (%cover)

10/ 16]19[10]16] 19
Upland Shallow Lake NA NA ND | ND
Lowland Shallow Lake Aparima Lake George © C

ND
Lowland Shallow Lake Mataura Lake Vincent A A
Lowland Shallow Lake Mataura The Reservoir © C
Brackish Lake or Lagoon Waiau Waiau Lagoon Not C IND|f A NA
Brackish Lake or Lagoon Mataura Waituna Lagood® set B B B
Brackish Lake or Lagoon Mataura Lake Brunton D D D
Lowland Shallow Lake (Natural Statg Fiordland & Islands | Lake Sheif& B

ND

Lowland Shallow Lake (Natural Statg Fiordland & Islands | Lake Caldéf C
Lowland Shallow Lake n NB G A Lake Murihiku ND| C | ND

HaMC

oWYmc QU

FYR HAM®pD 6Q

25 Waituna Lagoon macrophyte state is based on average % cover rather than weighted % cover. These will need to be updé¢ediatea however the average % cover provides an

indicative state.

26Data from Schallenberg and Kelly (2012) Ecological ¢ondif six shallow Southland lakes. The data reported here is an indicative state because the survey was not extensigrsadis5
were used to calculate % cover and likely underestimate the true state. These have not been reported through toé ake FU.
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Table36: Fishattribute state bands bylakes for2013

Fish
Class FMU Site State 2013
Draft B i _
EWO Perc Trout q f Giant Narrative
(Introduced) | (Introduced) repin(Se] | S eniiiEs Kokopu Inanga State?’

Upland Shallow Lake NA NA ND
Deep Lake NA NA ND
Lowland Shallow Lake Aparima Lake George Yes Yes Yes Yes No Yes D
Lowland Shallow Lake Mataura The Reservoir ’::tt No No Yes Yes Yes No B
Lowland Shallow Lake Mataura Lake Vincent Yes No Yes Yes Yes No C
Lowland  Shallow  Lak Fiordland& Islands | Lake Sheif§ No No Yes No Yes Yes A
(Natural State)
Lowland Shallow Lake nreti Lake Murihiku Yes No Yes Yes No No D

4.4 Attribute state resultsc by lake classes

27 An appropriate narrative state needs developed for Southland the current assessment was based on the Greater Wellimgtoathistattribute taking into consideration invasive species
and important species to protect e.g. Giant Kokopu arahga

28 Data from Hicks (2013) Fish surveys in-n@ueable systems and Schallenberg and Kelly (2012) Ecological condition of six shallow Southland lakes. The data eeposaedidézative of
the fish community at these two time periods.
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Table37to 49 provide results for the attribute state assessment at the lake class scale for the three assessment periods (2010, 201%) a@ldr®y with
the reduction required to achieve the drditeshwater objective described ifiable21. Refinement of the draft freshwater objectives to incorporate the
WYFAYGFAY 2N AYLINERVSUSIng@hs taieddsdssmerdt bebwis pradiGed in Ndrton et al., 2019.
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Table37: Phytoplankton attribute state bandéy lake class and the level of improvement required to meet the draft freshwater objective.

Class
Objectlve state

Natural State Lakes
No change

"TIIWITII B

B attributeState

C AttributeState

Upland Shallow Lakes

Lowland Shallow Lakes

Brackish Lakes & Lakes

Deep Lakes

Baseline year | 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
. . 4 4
Sites in A+ state 0 0 0 0 0 0 0
(80%) (80%)
. . 7 1 1 1 2 5 1
Sites in A state 0 0
(100%) (20%) (20%) | (10%) | (18%) | (100%) (20%)
. . 4 2 1 4 4
Sites in B state 0 ND 0 ND ND 0 ND 0
(66%) | (33%) | (20%) | (50%) | (36%)
. . 2 2 3 5
Sites in C state 0 0 0 0 0
es| (33%) | (40%) | (40%) | (45%)
. . 2 2 1
Sites in D state 0 0 0 0 0 0
(33%) | (33%) | (20%)
Maintain Note: the deep glacial lakes 4 4 2 2 5 6 5 5
reported in both natural statsg
Improve 1 state and deep lakes. In 2010 NA ND 0 2 2 3 S 0 ND 0
Improve 2 states naturgl state also includes La| 2 2 1 0 0 0 0
Sheila and Calder on Stewa]
Improve 3 states Island 0 0 0 0 0 0 0
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Table38: Trophic level index (TLI3tribute state bands bylake class Nodraft freshwater objectivehas been set for this attribute

Class

Natural State Lakes
No change

Upland Shallow Lakes

Lowland Shallow Lakes

Brackish Lakes & Lakeqg

Deep Lakes
NA

Objective state NA NA NA
At attribute State . .
A attributeState | @
1 0
B attributeState : '
: (
C AttributeState | : | .

Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
. . 4 5 4 5
Sites in A+ state 0 0 0 0 0
(57%) (100%) (80%) (100%)
. . 3 1
Sites in A state 0 0 0 0 0 0 0
(43%) (20%)
. . 1 3 4
Sites in B state 0 ND 0 ND ND 0 0 0 ND 0
(20%) [ (37%) | (37%)
. . 6 6 4 5 7
Sites in C state 0 0 0 0
(100%) | (100%)| (80%) | (63%) | (63%)
Sites in D state 0 0 0 0 0 0 0 0 0
Maintain Note: the deep glacial lakes &
reported in both natural statg
Improve 1 state and deep lakes. In 2010 NA NA NA NA
Improve 2 states natural state also includes La
Sheila and Calder on Stewa|
Improve 3 states Island
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Table39: Total phosphorus attrilate state bands byake class. No draft freshwater objective has been set for this attribute.

a a a ate Lake pland allo ake owland allo ake Bra akes & Lake Deep
Objective state No change NA NA NA NA
A" attribute State ‘ :
A attribute State |
B attributeState | °
_ e §
C AttributeState -
(] g °

Improve 2 states

Improve 3 states

natural state also includes La
Sheila and Calder on Stewal

Island

Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
. . 5 5 4 5
Sites in A+ state 0 0 0 0 0
(72%) (100%) (80%) (100%)
SitesinAstate| 2 0 0 0 0 0 0 1 0
(28%) (20%)
SitesinBstate| 0 ND | O ND ND | O 1 0 1 2 0 ND | O
(17%) (12%) | (18%)
. . 6 5 5 7 9
Sites in C state 0 0 0 0
(100%)| (83%) | (100%)| (88%) | (82%)
Sites in D state 0 0 0 0 0 0 0 0 0
Maintain Note: the deep glacial lakes g
I 1 stat reported in both natural state
mprove 1 state
p and deep lakes. In 2010 NA NA NA NA
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Table40: Total nitrogen attritute state bands byake clas®. Nodraft freshwater objective has been set for this attribute.

Natural State Lakes

Lowland Shallow Lakes

Brackish Lakes & Lakes

Deep Lakes

Objective state

No change

Upland Shallow Lakes

NA

A attribute State

B attributeState

C AttributeState

Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites in A+ state| _> 0 0 0 0 0 0 > 0
(72%) (100%)
SitesinAstate | 2 > 0 0 0 0 0 0 >
(28%) (100%) (100%)
SitesinBstate| 0 ND | O ND ND 1 0 0 2 1 0 ND | O
(17%) (25%) [ (10%)
Sites in C state 0 0 3 6 2 2 > 0 0
(50%) | (100%)| (40%) | (25%) [ (45%)
. . 2 3 4 5
Sites in D state 0 0 0 0 0
(33%) (60%) | (50%) | (45%)
Maintain Note: the deep glacial lakes &
reported in both natural stateg
Improve 1 state and deep lakes. In 2010 NA NA NA NA
Improve 2 states natural state also includes La
Sheila and Calder on Stewal
Improve 3 states Island
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Table41: Nitrate (toxicity) attribute state bands byake clas®. No draft freshwater objective has been set for this attribute.

Natural State Lakes Upland Shallow Lakes | Lowland Shallow Lakes| Brackish Lakes & Lakeg Deep Lakes
Objectivestate | o Nochange o |  NA |  nNa o ] _  NA | 0 Na ]
B attributeState | J S ®
o
C AttributeState

Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
. . 7 5 6 6 1 5 10 5 5
Sites in A state
(100%) (100%) (100%)| (100%)] (20%) | (63%) | (91%) | (100%) (100%)
SitesinBstate| 0 0 0 0 8gcy 330/ 9%/ 0 0
ND ND ND (80%) | (37%) ] (9%) ND
Sites in C state 0 0 0 0 0 0 0 0 0
Sites in D state 0 0 0 0 0 0 0 0 0
Maintain Note: the deep glacial lakes g
reported in both natural statg
Improve 1 state and deep lakes. In 2010 NA NA NA NA
Improve 2 states natural state also includes La
Sheila and Calder on Stewa]
Improve 3 states Island

30 The data for brackish lakes and lagoon is spread across th® Baadings. The higher bandings, in general, are related to Waituna Lagoon under conditions where it is closed to the sea.
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Table42: Ammonia (toxicity)attribute state bands bylake class and the level of improvement required to meet the draft freshwater objective

Upland Shallow Lakes owland Shallow Lake Bra ake ake Deep Lake
Objective state No change B C C B
A attributeState ® ® ® ® . ® ® ® ®
B attributeState
C AttributeState |
Baseline year 2010 2016 2019 2010 | 2016 | 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
. - 7 5 6 6 1 5 7 5 5
Sites in A state
(100%) (100%) (100%) | (100%)| (20%) | (63%) | (64%) ] (100%) (100%)
. . 4 3 4 0 0
Sites in B state 0 0 0 0
0, 0, 0,
ND ND (80%) [ (37%) | (36%) ND
Sites in C state 0 0 0 0 0 0 0 0 0
Sites in D state 0 0 0 0 0 0 0 0 0
Maintain Note: the deep glacial lakes 4 6 6 5 8 11 5 5
reported in both natural statg
Improve 1 state and deep lakes. In 2010 NA NA 0 0 0 0 0 0 NA 0
Improve 2 states natural state also includes La| 0 0 0 0 0 0
Sheila and Calder on Stewa|
Improve 3 states Island 0 0 0 0 0 0 0
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Table43: Dissolved oxygen (lake bottom) attriie state bands byake class. No drafreshwater objective has been set for this attribute.

Objective state No change NA NA NA NA
A attribute State | 8
s 1§
° 4 '
(
(
B attributeState |
C AttributeState
D Attribute State-
Baseline year | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 [ 2010 | 2016 | 2019 | 2010 | 2016 | 2019
. . 6 5 7 4
Sites in A state
(100%)| (80%) (87%) | (80%)
Sites in B state 0 1 1 1
ND ND ND (20%) \p [ (13%) | (20%) ND
Sites in C state 0 0 0 0
Sites in D state 0 0 0 0
Maintain
Improve 1 state
NA NA NA NA NA

Improve 2 states

Improve 3 states
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Table44: Trophic state (LakeSPI) attake state bands byake class. No draft freshwater objective has been set for this attribute.

Natural State Lakes Upland Shallow Lakes | Lowland Shallow Lakes| Brackish Lakes & Lakeq Deep Lakes
Objective state No change NA NA NA NA
A+ attributeState | ®
A attributeState |
1 (]
B AttributeState | . ® ' ®
° o °
' H H
) 1 0 (]
C AttributeState
D Attribute State -
Baseline year | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 [ 2010 | 2016 | 2019
1
ites i 0 0 0 0
Sites in Astate (33%)
Sites in A state 0 0 0 0 0
Sites in B state 2 1 ND ND ND 2 ND ND 4 1 ND
(67%) | (33%) (33%) (80%) | (33%)
L 1 2 1 2
Sites in C state 0
(33%) | (67%) (20%) | (67%)
Sites in D state 0 0 0 0 0
Maintain Note: the deep glacial lakes &
I L stat reported in both natural statg
mprove 1 state
p and deep lakes. In 2010 NA NA NA NA

natural state also includes Lal
Sheila and Calder on Stewa|
Improve 3 states Island

Improve 2 states
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Table45: Submerged plants (nativeness) attuke state bands byake class. No draft freshwater objective has been set for this attribute.

a atura ate Lake planad allo ake owland allo ake Bra akes & Lakes Deep Lake
Objective state No change NA NA NA NA
. - o
A attributeState
1 )
B attributeState
o
. o
8 ; ] :
C AttributeState | ® o
D Attribute State T
Baseline year | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019
Sites in A state 0 0 1 0 0
(33%)
L 2 2
Sites in B state 0 0 670 40% 0
- - ND ND no 670 \p ND ( : ) - ND
Sites in C state 0
(100%)]| (100%) (60%) | (100%)
Sites in D state 0 0 0 0 0
Maintain Note: the deep glacial lakes &
reported in both natural state
Improve 1 state and deep lakes. In 2010 NA NA NA NA
Improve 2 states natural state also includes Lal
Sheila and Calder on Stewal
Improve 3 states Island




Table46: Submerged plants (invasive species) attrtb state bands byake class. Ndraft freshwater objective has been set for this attribute.

3 atural State Lake Upland Shallow Lakes | Lowland Shallow Lakes] Brackish Lakes & Laked Deep Lakes
Objective state No change NA NA NA NA
A attributeState ®
= ° = °
B attributeState ()
° ° ® °
( (
C AttributeState
D Attribute State ]
Baseline year | 2010 2016 2019 2010 | 2016 | 2019 2010 2016 | 2019 2010 | 2016 | 2019 2010 2016 | 2019
Sites in A state 0 0 1 0 0
(33%)
Sites in B state 2 1 1 2 1
(67%) | (33%) ND ND ND (33%) ND ND (40%) | (33%) ND
Sites in C state 1 2 1 3 2
(33%) | (67%) (33%) (60%) | (67%)
Sites in D state 0 0 0 0 0
Maintain Note: the deep glacial lakes g
: L stat reported in both natural statg
mprove 1 state
p and deep lakes. In 2010 NA NA NA NA

Improve 2 states

Improve 3 states

natural state also includes Lal
Sheila and Calder on Stewa|

Island
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Table47: Macrophytes attritute state bands byake class. No draft freshwater objective has been set for this attribute.

Natural State Lakes

Upland Shallow Lakes

Lowland Shallow Lakes

Brackish Lakes & Lakes

Deep Lakes

Improve 2 states

Improve 3 states

natural state also includes La
Sheila and Calder on Stewal
Island

Objective state No change NA NA NA NA
A attributeState | Y )
(
. ] °
B attributeState °
] @ ( P
| o
C AttributeState | g ° o
l H o °
D Attribute State ® 1
[ )
Baseline year | 2010 2016 2019 2010 | 2016 | 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites in A state 0 0 1 1 0 0 1
(25%) | (33%) (33%)
Sites in B state 1 1 0 0 1 1 1
(50%) ND ND ND (50%) (33%) | (33%) | (33%) ND
L 1 1 3 2 1
Sites in C state 0 0
(50%) (50%) | ('75%) | (67%) ]| (33%)
Sites in D state 0 0 0 0 1 1 1
(33%) | (33%) [ (33%)
Maintain Note: the deep glacial lakes &
I 1 stat reported in both natural statg
mprove 1 state
p and deep lakes. In 2010 NA NA NA NA
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Table48: E coliattribute state bands bylake class and the level of improvement required to meet the draft freshwater objective

Class

a a ale aKe planad allo aAKeE O a aKe Bra aAKe aKe Deep adKe

Objective state No change A B B A

A attributeState . : ! . I
B attributeState
C AttributeState
. 1 () (
D Attribute State
[ ]
E Attribute State 1
Baseline year | 2010 2016 2019 2010 | 2016 | 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites in A state 2 2 2 o U 2 2 2
(100%)]| (100%)]| (100%) (80%) (64%) | (100%)]| (100%)| (100%)
SitesinBstate| 0 0 0 0 1 0 0 0
(9%)
Sites in C state 0 0 0 ND ND ND 0 ND ND 0 0 0 0
. . 1 3
Sites in D state 0 0 0 0 0 0
(20%) (27%)

Sites in E state 0 0 0 0 0 0 0 0
Maintain Note: the deep glacial lakes 4 5 8 2 2 2
I | stat reported in both natural statg 0 0 0 0 0
mprove 1 state

P ta”‘lj iefp "I"‘kefs' 'I” 5012 NA ND | ND ND | ND
Improve 2 states |2!ura! state aiso includes La 1 3 0 0 0

Sheila and Calder on Stewal
Improve 3 states Island 0 0 0 0 0

32 Note: theE. colstate is determined by 4 statistics the graphs represents the relative position in thitrigeand has been scaled to provide a visual representation of state, the state was

determine on the poorest statistic as shownTiable22.
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Table49: Cyanobacteria attrilnte state bands byake class. No draft freshwater objective has been settfus attribute.

Class

Objective state

Natural State Lakes Upland Shallow Lakes | Lowland Shallow Lakes| Brackish Lakes & Laked Deep Lakes
No change NA NA NA NA

A attribute state

B attribute state

C attribute state

D attribute state

Not applicable

Improve 2 states

Improve 3 states

Baseline year 2010 2016 2019 2010 | 2016 | 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites in A state 2 2 1 2
(100%) (100%) (50%) (100%)

Sites in B state 0 0 0 0

ND ND ND ND ND ND ND 1 ND ND
Sites in C state 0 0 0

(50%)
Sites in D state 0 0 0 0]
Maintain
Improve 1 state
NA NA NA NA NA
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5 Summaryand recommendations

The purpose of this report is to contribute to the process of developing draft freshwater objectives for
O2yaARSNI GA2Y 08 9YODANRYYSYy( {2dziKflyRQA /[ 2dzy OAf
of a number of supplementary reports and memos thahtcibbute to the report titled: Developing

Draft Freshwater Objectives for Southlagibrton and Wilson, 2019) an€urrent Environmental

{GF4GS FyR GKS aDI L¥E G2 5N Flort@ktBas 2089). 1 SNJ ho 2SO0 A ¢

This report explains:

I The ationale for thelake classification proposed to be used in developing freshwater
objectives in Southland:
91 A description of thdake attributesproposed to be used for numeric freshwater objectives,
G2 adzLll2 NI GKS @FfdzSa 2F Widzylky 1SFfGK F2N w
the associated attribute state option tables; and,
1 A summary of the tabulation of data useddssess attribu¢ statefor 2010, 2016 and 2019
(current state).

The recommendations for each of these are described in further detail in the following sections.

5.1 Recommendeddke classification

The Regional Water Plan for Southland (2010) introduced surface waterctas$es with associated
water quality standards that were taken through largely unchanged into the pSWhe classes
identified for Southland lakes are:

Natural state;

Mataura 3 (from the Water Conservation (Mataura River) Order 1997);
Lowland/Coastdlakes and Wetlands;

Hill Lakes and Wetlands; and,

Mountain Lakes and Wetlands.

=A =4 =8 -8 =4

A number of issues were identified with this classification (E&glel). A key issuesithat these lake
classes are ndtased on the physical characteristics of lakes (mixing and depth) that would influence
water qualityand the attributes included in the water quality standards in the pSWLP are set for rivers
and are notdirectly applical®# to lakes It is therefore recommended that the lake classes are
amended to the following, based on their physical characteristics:

Natural state;

Lowland shallow lakes;

Upland shallow lakes;

Brackish lakes and lagoons; and,
Deep lakes.

= =4 =4 =8 =9
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5.2 Recommendeddke attributes

The NP$M (2017) sets oud number ofcompulsory attributesand requires regional councils to
develop additional attributes relevant to their region and local valugable50 provides a summary

of the attributes proposed for Southland lakes, developed for the two national compulsory values of
ecosystem health and human health for recreation. While the attributepgsed are only attributed

to 2 of the 20 community values identified in Wilson et al., (2019), these attributes will, to some
degree, reflect many of the other values identified including mahingaameric and/or narrative

attribute state option tabés have been developed for each of these attributes.

Table50Y { dzYYI NE 27T

LINR L2 4 SR

fr1S FAaddNROGdzi Sa

Ecosystem health

Human health for recreation

National compulsory attributes

Phytoplankton

Escherichia colE. colj

Total phosphorus

Cyanobacteria

Total nitrogen

Ammonia (toxicity)

Proposed Southland attributes for numeric freshwater objectives

Trophic level index

Escherichia colE. colj at popular bathing sites

Macrophytes

Dissolved oxygen (lake bottoin)

Dissolved oxygemrid-hypolimnetig*

Nitrate (toxicity)

Trophic state (LakeSPlI)

Submerged plants (nativeness)

Submerged plants (invasive specfes)

Additional attributes existing in regional plans

Odour

Bacterial or fungal growths

Edible species

Proposed Southland attributes for narrative fr

eshwater objectives

Lake margin habitat

Aquatic marginal habitat

Native fish

*These attributes have beeimcluded becausdhey arerecommended asew attributes for the National Objectives

Frameworkin the draft NP$M (2019).

Where water quality standards for these attributes exist in the pSWLP, they have been used to set a

draft freshwater objective.

5.3 Attribute state assessment

The NP$M (2017) redzA NB &

g GSNJ ljdzZ £t AGe G2
current state is required in order to ensure no deterioration occua.assessment of attribute state
was undertaken for each attribute for three time periods (2010, 2016 arid®PWith data being

assessed at three spatial scales (sites within lakes, lakes and lake classes).
attribute state assessment have been used to infah@/ dzZNNXB y
to Draft Freshwater Objectives fori@lelandreport (Norton et. al., 2019) where the draft freshwater

Paged0

The results from the
OYBANRYYSYll f

T2NJ {2

68 WYIFAYGlIAYySR

{a



2628007054 6SNB NBTFAYSR (2 AyOfdRS FMFurther Ay al A
commentary on the lake attribute state resulise provided in this report.

5.4 Other recommendatons

Once the process for establishing freshwater objectives for Southland has been completed, it is

recommended that a review of the Southland lake monitoring programme be undertaken to ensure it
aligns with any changes in approach to the managementaf éand water in the region.
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Appendix1

Data analysis output for lakes including grading and graphs for each attrifaumebe found within
OYPBANRYYSYy(l {2dziKfl yRQa R:SQutnerf yakes Data/AnalySiy Safelianda & & G ¢
Gap Report Oct 2019 (A550425)

Comparison of whether the data analysis met the statistical criteria outlin€édrior! Reference source
notfound.225 Sy 23 SR o0& Wew! 9Q AF (GKS O2yRAGAZ2Y oat & YSi
0S F2dzyR 6AGKAY O9YOBANRYYSYy(d { 2 dziskfigical ®ieda foRRafedzY Sy i
and Gap Analysid akes Oct 2019 (A552242)
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