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Executive Summary

Background

EnvironmentSouthland hagmbarked on a communitinvolved process to further develagur
approach to managing land and water in the regiGhrough the People, Water and Land
Programmethis has included formation of @mmunity-based group called thRegional Forum

to helpusexplorehow to achieve the aspirations of communities for freshwater. This will include
identifying amongst other things; community values; freshwater objectives, limitsl both
regulatory and nomregulatory methods to achieve therihe Regioal Forumwas established in
early 2019and hasbeen building knowledge and processough its first phase to September
2019

Several daft reports were completed in September 201that descrited community values
(Wilson et al., 201pand a suggestedstarting set of draft numeric freshwater objectivesor
groundwater, rivers, lakegstuariesand open coastal areashat were inferred from previous
Southland rgional plangNorton and Wilson 200)9This reportfollows in sequencand should
be readin conjunction with those earlieneportsas it relies and builds on therfihis reports, in
turn, a step in a continuing processd will be brought together withparallel workstreans
identifyingNgni Tahu ki Murihikwaluesand Iwi objectives in oderto developa complete set of
draft Murihiku Southland freshwater objectivaés 2020(seeFigurel).

Purpose
Thethree purposes of thisreport are to:

1. Use Environment Southland monitoring datadssess current environmental stagand
check whether any of thetarting set ofdraft freshwater objectivesvere unknowingly
drafted at lower than current state, thus necessitating revision upwards to at keast
minimum ofcurrent stateA Y 2 NRSNJ G2 &l GAafe GKS ySSR G2
National Policy Statement for Freshwatdanagemen2017(NPSFM).

2. Compare the current environmental state of groundwater, rivers, lakes and estuaries,
with the starting set ofiraft freshwater objectives for each of these waterbody types, and
G2 GKSNBoeé laasSaa (KS yoveineaNBdesandngtyfidggapy 3 LI
is important as the Regional Forymogres&sto consider limits and other regulatory and
non-regulatory methods for achievirthe freshwater objectives.

3. Explore several important topicsfor management and planning including)
environmental variability¢ in space and through time; iBnvironmental patterns at
different spatial scalgsiii) patterns atdifferent time periods and iv)considerations
aroundimplementation ofit K S bt {AG/al AW 2 NJ A YLINR @S¢ NBIj dzA NI

Method

To assess current environmental stalkisNB LJ2 NI dzaSa GKS &l YS a! ./ 5¢ ¢
the earlier draft freshwater objectives repod KSNBE a! ¢ ISy SNrffe YSIya ac
G3A22ReéX a/ YSIya afFlThidshstehsiyhplifies tbecpresedation af regulid? 2 NE
Howeverthe numeric thresholdand other technical detailassociated with thdands for every

attribute are also providedin Appendices 1 to 4 for groundwater, rivers, lakes, and estuaries
respectively.

9y @A NR Y Y Sy limojitéridgisketiatayaie Os&@do present summaries agnvironmental
state (A, B, C or D) for three time baselines (2010, 2016 ancht@0&9) and, wherever possible,



stateis compared to the relevant draft freshwater objective state (A, B or C band). The size of any
gap is indicated by whether one or more bands of improvement is netal@thieve thedraft
freshwater objectiveband Comparisons with freshwater objectivere madefor all attributes

where possible at three spatial scales:

9 for the region as a whole;
9 for each freshwater management unit (FM{dge map irFigureb); and
9 for eachgroundwater, river, lake and estuacjass(seeTable5 andFigure2 to 4).

It wasnot the purpose of this report to present detailed informatifam each individual monitoring
site. However, the results for every site will be made available on a Geographic Information
System (GIS) website so that users can explore that level of detail.

Four groupsof attributes have beenrecognisedin this repat. All attributesare listed in their
groups inTablel (rivers),Table2 (lakes),Table3 (groundwater) andrable4 (estuaries and open
coast). The four groups are:

1. National compilsory attributes(i.e.,currentlyin the Ndional Objectives Fraework®);

2. Southland attributedi.e.,thoserecommended by Norton and WilsgB019)for use asa
starting set ofnumeric freshwater objectives in Southlanth additionto the national
compulsoryattributes);

3. Additionalproposed nationatompulsory attributes (i.e., thosedditionalattributeslisted
in the draft NPSFMreleased for public congidtion in September 2019 as part of
D2O@SNYYSyYy(Qa 9 aHRaSkddgen listgroupdiBititkitaswill Beed to be
reviewedagain later in the process whemy new NPSFM is finalised

4. Additional indicatorsiot inthe above group$ut for which monitoring data is available

Results and key messages

This is a long report containing mangbles and graphsummarising the stateof many
environmental attributesof groundwater, rivers, lakes and estuari€®rthosereaders wanting
just the key messagahesecan be found as follows

For conclusions otthe necessaryrevisions to draftminimum numeric freshwater objectives
(FWO3in order to meet theNPSFMest ofd Y I A Y (i | A Y - SedkEcNoLINE @S ¢

Forhigh levetonclusionsoi KS &A1 S¢ 2SERSY # IAXYIINR GSYSy i (2
FWOs see sectiord. Formore detaileddiscussiorspecfic to waterbody types see:

1 Key messages for groundwateettion5.4);

1 Key messages faivers(sectionst.1, 6.2and6.3);

1 Key messages for lakese¢tion7.1); and

1 Key messages for estuarisg€tion8.1).

For discussion and conclusions on several important topicsrésource management and
planningseesectionll, and more specifically

i) Awarenes®f environmental variabilityg in space and through timgsection11.1);

i) Considerations of different spatial scales: s#esus classFMUandregion(sectionl1.2);

i) Informing decsionson the dbaseling yearfor managementsection11.3); and

iv) Operatingwith the NPSFMequirementli 2 & Y I A y (i I A(SectiéNI4HA Y LINB @S ¢

! As laid out in the National Policy Statement for Freshwater Management 2017 (NPSFM).
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Decisionmaking ¢ for governance and for plamriting

All of the conclusiomopicslisted above contaichallenges that will require decisions later in the

process Some of these decisionsill involve value judgementby 9 Y A NRB Y YSy (i  { 2 dzi K
council and Te Ao Marama board set the level for finalised freshwatebjectives and limits

and other methods to achieve therBomaewill requireplanning decisions around how to structure

a future regional plan changeéncluding on things likbow to handle environmental variability

the appropriate spatial scale fararious plan provisionstime baselines and méanisms to

implementd Y Ay GF Ay 2N AY LINRdAScal ihforth&ioh @ndsbidesugoediion? F T S NA
about how some of these decisions might be approachiédds is intended to inform discussion

and future policy decisions on these mattewghich probably can only be finalised later once the

learnings from all theteps in the intnded process are known

Where to from herdor developing freshwater objectives
This reportisa step ina continuingprocessKeyfurther steps incurrent progressnclude:
1 DocumentingNgni Tahu ki Murihikwaluesand Iwi objectives(planned for early 2020)

1 Bringing the drafnumericfreshwater objectives together with Iwi values and objectives
to enabletesting against other NPSFM (2017) and proposed Southland Water and Land
Plan (pSWLP) requirements including Ki Uta Ki Tai, Ta blde Waiand the need to
provide for hauora and in so doing acknowledge and protect the mauri of water. This step
is intended toestablishan agreed positiolmn draft freshwater objectivefor the process
going forwardn 2020

Notable further stepdeyond the abovenayincludereviewsfollowingthe finalisation of any new
NPSFManddecisions on th@SWLP Further stepswill also involve

1 consideration of the limits and metials to achieve tb draft freshwater objectives
1 consideration ofhe implications of those limits and methodwcluding social, cultural and
economic implicatios
I subsequent deliberations and recommendations by the Regional ForiEntwonment
{2dziKfF yRQa 02dzy OAf YR ¢S 12 al NIYl o02FNRT
1 decisions to finalise théreshwater objectives, limits and methods in a regional plan
change as well as undertaking nemegulatory actiongo achieve objectives

2The pSWLP is currently being heard by Environment Court with decisions anticipated in 2021.
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1 Introduction

1.1 Background

Environment Southland hashrough its People Water and Land Programmebarked on a
communityinvolved process téurther develop its approach to managing laadd water in the
region This hasncluded community engagement to support the development of community
values andiraft freshwater objectives, and thiermation of a Regional Forum to help it develop
limits and both regulatory and neregulatory methodgo achieve them.

The Regional Forulma communityd F 8 SR ANR dzLJ GKIF G Attt I ROAAS 9y«
YR ¢S 12 al N} Yl 02FNR YSY0OSNB 2y Kz2g G2 | Of
freshwater. Members of theForum will consider the specificoficies and rules as well as
onrANRdzy R AYAUGAlFIGADSE NBIldZANBR G2 YIS OKFy3asS |
generations to come.

The Regional Forumas established iaarly 201%ndspent its first phase to August 20b8ilding
knowledge andprocess In its second phaséeginning September 201%he Forum received
several technicateports including oneabout community valuegWilson et al., 2019and one
containing a startingraft set offreshwater objectiveshat were inferred from previos Southland
regional plangNorton and Wilson 2019This report followsn fromthosetwo earlier reportsin
sequence and should be read in conjunction as it relies and builds on Tesreport is, in turn,
a step in a continuing process

1.2 Relation ofthis reportto othersin the process

¢CKAad NBLRZ2NI Aa 2yS 2F aSOSNIt NBLR2NIA RSt ADSNR
dzy RSNJ 9YBANRBYYSyYy (G {2dziKf Il yRQaFigur813 Lbfe®pordslini SNJ | y |
Figurel are numbered and this is report numb@&r Reports8 to 9 were either not started or

incomplete at the time this report was first drafted. The diagrarfigurel has been completed

and inserted later into the final version of this report to provide clarity around the process
sequence and the relation of this report to that sequence.

1.3 Relationto communty engagementvaluesand freshwater objectivegprocess

Reports 1 to 3 at the left dfigurel show reports describing the background regional planning
context (Report 1: Miller 2019), community engagement (Report 2: Henderson 2019) and the
confirmation ofcommunity values (Report 3: Wilson et al., 2019) respectivelg.ré&port on
starting draft freshwater objectivegReport6: Norton and Wilsor2019)followed and built on
those earlier reportsThis report (Report #pllows in sequence

1.4 Relation to tang&a whenua values andreshwater objectives process

Reports 4, 5 an® in Figurel show the parallel process of identifying tangata whenua values
(Report 5: Wat; Ngni Tahu ki Murihiku) and draft MgTahu ki Murihikudreshwater objectives

(Report8), allof which were in process but not yet available at the time of drafting this report. It

is important to recognise that this is one of several reasons whylih# freshwater objectives

referred toin this report are onha startingdraft. At time of writirg this report it was intended

that tangata whenua values would be documented in timeffack S wS3AA 2y | f C2 NHzY Qa
November 2019, and that Iwi objectives would be drafted by early in 2020. The intent was to then

bring thestartingdraft freshwater djectivesas®ssedn this report together with Iwi values and
objectives in a subsequent step of the proces202Q as illustrated by the coming together of
RAFANI YYIFGAO WNROWSNUrélNI ARAQ ol & wSLR2 NI
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Regional Planning Context for Identifying Values and
Developing Draft Freshwater Objectives for Southland

AUGUST 2019

Values Through Engagement
AUGUST 2019

4

Community Values for Southland’s
Freshwater Management Units

SEPTEMBER 2019

Wai Ngai Tahu ki Murihiku e
Developing Draft Freshwater NOVEMBER 2019
Objectives for Southand e
SEPTEMBER 2019

Current Environmental State and the ‘Gap’
to Draft Freshwater Objectives for Southland 0
DECEMBER 2019
Draft Murihiku Southland
Freshwater Objectives
(combined report)
NOVEMBER 2020

Figurel: The sequencef reports written for the Values and Objectives workstreagqthis report
is number 7

Collecting and Confirming Community e

Ngai Tahu ki Murihiku
Freshwater Values Survey 2019
NOVEMBER 2019

N

&

Ngai Tahu Ki Murihiku
e Freshwater Objectives
FEBRUARY 2020
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2 Purpose and overview

2.1 Purpose
The three purposes of this report are to:

1. Use Environment Southland monitoring datadssess current environmentatate and
check whether any of thstarting set of draffreshwater objectivegin Norton and Wilson
2019)were unknowingly drafted at lower than current state, thus necessitating revision
upwards to at leasa minimum ofcurrent state in order to satisif KS ySSR G2 aYl A
2NJ AYLINR @S¢ dzy RSNJ GKS blaGA2y Il t2e0m0e {01
(NPSFM).

2. Compare the current environmental state of groundwater, rivers, lakes and estuaries,
with the starting set ofiraft freshwater objectives for edcof these waterbody types, and
G2 GKSNBoe laaSaa GKS ylI{idz2NBE 2F Fye a3l LE vy
is important as the Regional Forum progresses to consider limits and other regulatory and
non-regulatory methods for achieving the freshi@aobjectives.

3. Explore several important topics for management and planning including: i)
environmental variability¢ in space and through time; ii) environmental patterns at
different spatial scalgsiii) patterns at different time periods; and iv) comesiations
I NPdzy R AYLX SYSyldl A2y 2F (GKS bt{Ca aYIFIAydl A

2.2 Overview of approach

The report addresses these purposes by assessing available monitoring data for numerous
attributes (i.e., measurable characteristics of waterbodies), tlrations where those attributes
either exceed or do not currently meet the starting draft freshwater objectives, and the size of the
gap to be improved in the latter case.

¢KS NBLR2NI dzasSa GKS alyYS a!./5¢ 0l yeRobjgcvesa @ aGSY
NB LJ2 NJi O0b2NIi2y |yR 2Afazy Hnanmpov (G2 RS&AONAOGS
GPSNE 3J22R¢X a. ¢ YSlIya a3a22Reéx G/ YSIya aFl ANE

(A, B, Cor D) is presented for three time baselinesq22016 and current 2019) and in each case,
wherever possible, is compared to the relevant draft freshwater objective state (A, B or C band).
The size of any gap is indicated by whether one or more bands of improvement is needed.

¢ KS dzaS 27F ddySemads!usefulSnithatdtlalibws comparisons and conversations to

be made in ABCD terms without the added complexity of the different numbers, scientific units of
measurement and compliance statistics that necessarily define the thresholds betwekartts,

and which are different for every attributé\ brief narrative description of each attribute, along
GAOUK (GKS ydzYoSNARA FyR 20KSNJ 0SOKYAOlFf RSOFAfAZ
tables in Appendices 1 to 4 for groundwatavers, lakes, and estuaries respectively.

This report uses available data from individual monitoring sitesto present summaries of
environmental stateand comparisogwith freshwater objective$or all attributeswhere possible
at three spatial scales

i for the region as a whoje
9 for each freshwater management unit (FM{dge map irFigure5); and
i for eachgroundwaer, river, lake and estuaiglass(seeTable5 and Figures 2 to)4
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It wasnot the purpose of this report to present detailedormationfor each individual monitoring
site. However the environmental state resultdor every sitewill be made available on a
Geographic Information Syste(@ISwebsiteso that users can explotbat levd of detail.

Four groups of attributes have been recognised in this repsrtiescribed further isection3.2
below. All attributes are listed in their groups Table 1 (rivers), Table 2 (lakes), Table 3
(groundwater) andrable4 (estuariesand open coast). The four groupkattributesare:

1. National compulsory attributes (i.e., currently in the National Objectives Framéyork

2. Southland attributes (i.e., those recommended by Norton and Wilson (2019) for use as
freshwater objectives in Southland in addition to the national compulsory attributes);

3. Additional proposed national compulsory attributes (i.e., those additional atteiblisted
in the draft NPSFMeleased for public consultation in September 2019 as part of
D2OSNYyYSyiQa 9aaSydAiAlrtf CNBaKglGSNItIO1F3IsSoT

4. Additional indicators not in the above groups but for which monitoring data is available.

3 As laid out in the National Policy Statement for Freshwater Management @IRSFM).
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3 Method

3.1 Data

Generally the monitoring data were 3aSYof SR FTNRBY 9y GJANBYYSyld |
environment(SOE)nonitoring databaselong with otherdatasets(e.g.,national, investigations
and consents compliance monitoringhere available in some instancas described late

3.2 Attributes

It isnotablethat the choice of attributes to use for setting freshwater objectiiresegional plans
is a subject ohationwide discussiorat presentandthere has been contentious debateround
someattributes. This discussion and debate seems likely to contfion¢he foreseeable future
Fortransparencyaround thiswe have recognisefbur groups of attributes in this report disted
in the previous sectioB.1 The rationale for this is:

9 All currert nationalcompulsory attrilutes (NPSFM 2017) are recognised as such

91 Attributes suggestedby Norton and Wilson (2019pr usein settingdraft freshwater
objectives in addition to the national compsory attributes) N NB O2 3y A &SR | & ¢
attributess;

9 Additional proposed national compulsory attributes listed in the draft NP&H#ddsed for
LlJdzof AO O2yadzZ GFrGA2y Ay {SLGSYOSNI nnmgd +Fa L
Packageif not alreadysuggested for usaséSouthland attributeé by Norton and Wilson
(2019) are recognised & d&! RRAGA2Y I f LINRPLRASR fHisiAzyl f
noted that two of these (dissolved inorganic nitrogen (DIN) and dissolved reactive
phosphorus (DRP)ere suggestedy Norton and Wilson (2019) as being of importance
for setting dimitsé¢ rather than freshwater objectives and that remains our
recommendation at this timeWhether any ofthis group of additional proposed national
compulsory attributesare included as freshwater objectives for Southland will need to be
reviewed whenany new NPSFM is gazetted.

I Some additional attributes were also assessed even though they are not nationally
compulsory, nationally proposedr recommendeddy Norton and Wilson (20199r use
as freshwater objectives at this time; for examplata were available for riverbed
suspendible sediment (Quorer method) and these were included for interest alongside
other attributes for sediment

All attributes are listed below in their grouga Table 1 (rivers), Table 2 (lakes), Table 3
(groundwater) andrable4 (estuariesand open coast).
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Tablel: Attributes proposedfor rivers.

Group Attributes Units ?;Zise?oa:
Periphyton Chla mg/n? Yes
Nitrate toxicity mg/L Yes
l;lltzt;\rtilggtaelscompulsory Ammonia toxicity mg/L Yes
Dissolved oxygefbelow point sources) mg/L Yes
E.coli E.coli100 mL Yes
Cyanobacteria (planktonic) biovolume mnd/L No
Macroinvertebrates (wadeable rivers only) MCI Yes
Temperature- summer °C Yes
Temperature- winter °C Yes
E.coliat popular bathing sites E.coli100 mL Yes
Southland attributes Clarity(visible distance) m Yes
Cyanobacteria (benthic) % cover Yes
Filamentous algae % cover Yes
Diatoms and cyanobacteria % cover Yes
Deposited fine sedimeft % cover Yed
Suspendend fine sediment (turbidity) FNU Yes
Dissolved inorganic nitrogeiDIN) mg/L Yes
Macroinvertebrates (wadeable rivers only) MCI andQMClI No QMCI
Additional proposed national | Macroinvertebrates (wadeable rivers only) ASPM No
compulsory attributes Fish IBI Yes
Dissolved oxygefall rivers) mg/L No
Ecosystenmetabolism gOm2d1 No
Dissolved Reactive Phospho(iRP) mg/L Yes
Additional indicators used in | Suspendibleediment (Quorer} g/m2 Yes
this report Deposited fine sedimeAt % cover Yed

Table footnotes:
1: Deposited fine sedimen(®6 cover) anduspended fine sediment (turbiditifave both been assessadcording
to the method and attribute state bandsid out in the drafNPSFMeleased for public consultation in September
HaMd & LI NI 2F D2 @SNYYSy thesk aré Etréeofmingnddd focuséSaa Koathlahd NJ t I O
attributes at this timebut will be reviewedto bring into line with thenew NPSFM2020)attributes for deposited
fine sediment (% cover) and suspended fine sediment (clarity) in due course
2: Suspendible sediment (Quorer method) ateposited fine sedimeni% coverhave both been assesséuthis
report against the guideline criteriaf Clapcottet al., 2011(see relevant tables in Appendix 2 for detailhese
results are included for configtenessdespite not being recommended at this tirfer use as Southland attributes
due to thedraft NPSFM2019) deposited fine siment and suspended sediment attributeging recommended
at this time as described in footnote 1 above.
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Table2: Attributes proposedfor lakes

Group Attributes Units As_sesseah
this report
Phytoplankton Chta mg/m?3 Yes
Total phosphorus mg/m?3 Yes
National compulsory . 3
attributes Total nitrogen mg/m Yes
Ammonia toxicity mg/L Yes
E.coli E.coli100 mL Yes
Cyanobacteria (planktonic) biovolume mn3/L Yes
E.coliat popular bathing sites E.colV100 mL Not
Trophic state (TLI) Trophic kevellndex Yes
Southland attributes Macrophytes % cover Yes
LakeSPDverallindex LakeSPI
Trophic state (LakeSPI) Native Condition Index; Yes
LakeSPI Invasive Impact Inde
Nitrate toxicity mg/L Yes
Submerged plants (natives) L akeSPI (native condition Yes
index)
Additional proposed national | Submerged plants (invasive LakeSPI (invasive impact Yes
compulsory attributes species) index)
Dlssollved oxygen (mid mg/L No
hypolirmetic)
Dissolved oxygen (lake bottom)| mg/L Yes
Additional indicators used in
: None - -
this report

Tablefootnotes:
1: There are currently no bathing sites monitorédlakes and no lake sites are identified as braghsites in
Appendix G of thenpposed SWLP.

Table3: Attributes proposedfor groundwater.

Group Attributes Units A;sesseah
this report
National compulsory attributes None - -
E.coli MPN/100 mL Yes
Southland attributes Nitrate - human health mg/L Yes
Nitrate - ecological toxicity NO3N mg/L Yes
OtherDWSNZzontaminants* various No
Additional proposed national
- None - -
compulsory attributes
Additional indicators used ithis report | None - -

* Based on DWSNZ = Drinking Water Standards New Zealand (Ministry of Health 2008)
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Table4: Attributes proposedfor estuaries and open coast

Group Attributes Units '?;zisei;a::

Nationalcompulsory attributes | None -
Phytoplankton Chla mg/m3 Yes
Sediment oxygen levels aRDP mm Yes
Gross eutrophic zone % intertidal area Yes
Mud content % mud at site Yes
Sedimentation rate mm/year Yes
Macroalgae EQR Yes
E.coli E.col/100 mL Yes

Southland attributes E.coliat popular bathing sites E.coli100 mL Yes
Enterococci Enterococci/100 ml] Yes
Enterococci at popular bathing sites | Enterococci/100 mL| Yes
Total arsenic in sediment mg/kg Yes
Total cadmium in sediment mg/kg Yes
Total chromium in sediment mg/kg Yes
Total lead in sediment mg/kg Yes
Total mercury in sediment mg/kg Yes
Total nickel in sediment mg/kg Yes
Total zinc in sediment mg/kg Yes
Total copper in sediment mg/kg Yes

Additional proposed national

compulsory attributes None ) i

Additional indicators used in Mud extent (of area with > 25% mud| %of area atearliest Yes

this report content) monitoring

Table footnotes:
1: There is an estuary and open coast bathing monitoring program whose data have been used in this report. No
bathing sites are currently identified the Regional Coastal Plan for Southl&20d.3 for esutaries and open coast

3.3 Attribute state option tables

CKS SY@ANRYYSyGlt adrdS F2NJ SIFEOK GG NRGdziS 61
tables in Appendices 1 to 4 for groundwater, rivers, lakes, and esttise@msectivelyThese tables

are almost the same as those providedhie September 219 draft report ofNorton and Wilson
(2019)except that severatrrors have been correctednd sometechnicalrevisions have been

made particularly toseveral of the attribute state mion tables for estuary attributesAlso the

attribute tables have been arranged under dubadings according to their respective four
groupings as defined in secti@?2 above.lt is anticipated these same reidns will be made to

the final version of the Norton and Wilson (2019) report.

In most cases environmental staie describedin the attribute state optiontables using the

a! ./ 5¢ aeadasSy odzi I FS¢ I G0 NHesSdl SoalJEKal-Z@ERSa HAS$YS v
Pass/fail has been usedhere there was insufficient technical justification to describe an ABCD
gradient or where technical guidelinesuse a binary assessment systemWhere a guideline

4Open coast attribute state option tables have been included with the relevant estuary tables for
convenience.
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GLI aakFEALE &e@ the tBoWinicad bodrce ®fS8syls intlidatd a footnote to the
relevant table.

3.4 Baseline year$201Q 2016, 2019and associated time periods

The state of an attribute aa site for a given baselingear (2010, 2016 and 2019) was generally
assessed usindata from the preceding fivewater year§ (hereafter referred to as years)
Accordingly, the 2010, 2016 and 2019 baseline permierallyencompassed the 2005 to 2009,
2011 to 2015 and 2014 to 2018 water years respectively.

The2010 and 201®aselineyearswere selectedecause thewre of interest as the baselinatks

for previous regional planghe Regional Water Plan for Southldoetame operative in 2010he
proposed Southland Water and Land Plan uses 1 June 2016 as the baseline @atelfok y' G | A y
AYLINE @S Q ¢ howeSaddnig iszturrehtly @nder appeal to Environment Caund this is

why 2010hasalsobeen assesséd The current year (2019) has been included to provide context
for whetherthe attribute state is changing oveinte.

In some cases there was insufficielatta available to satisfy the minimum technical requirement
of the five year period and/or the relevastimpling requirement indicated in the attribute state

options tables In some ofthese cases technical decision was made to still present the
assessment but to note th@ata weakness andssociated greater uncertainty with that result

In some casedor the assessment years 2010 and 20dé&ta have been drawn dm existing
earlierstate of envionment reports rather than being ranalysed from raw datan those cases
the data periodusedwas that in the earlier report and may not exactly matoh ideal five year
pre-requisite requirementhowevet using earlier state of environment repontgas considered a
reasonableapproach in the time availabl@he overdlintent of this approachvas to generate
reasonableand at least indicativesstimates of environmental tate for therelevanttime period
without unnecessarily wasting datiue to snall failuresof the minimum data requirementsThe
uncertainty associated with estimating environmental state froefatively small datasets is
acknowledged in theonclusions.

3.5 Classesand freshwater management units (FMY

The classessed to group datdor groundwater, rivers, lakes, estuaries and the open coase

the same as those used to provideaft freshwater objectiveas described in Nortoand Wilson
(2019: seeTable5 below. Maps showindhe distribution of river, lake and estuary classes across
the regionare shown inFigure2, Figure3 and Figured respectively

®> Some attributes have specific analysis requirements for the number of samples and/or years of
data as indicated in the relevant attute state option tables in the appendices. These parameters
are identified and discussed in the following sections.

6 A water year is defined as 1 July to 30 June.

"We note that in the Interim Decision of the Environment Court dated December 2019, the Court
KFa AYRAOI (St aftricted té anytomshbliBdybérichinarking of water quality at
2016 O LJ NJ INJ LK MHNUIZ K2 ¢S @RmnNma deddesito parisu thig S
matter.
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The freshwater management units (FMUs® the samdive spatal units already adopted by
Environment Southland and us@uNorton and Wilson (2019). A map of the five FMUs is shown
in Figures®.

Table5: Classes for riverdakes, estuariesopen coastind groundwater assuggestedn Norton
and Wilson (2019)

Lowland soft bed
Lowland hard bed
Hill

Rivers Mountain

Lake fed

Spring fed

Natural state waters

Lowland shallow lakes
Upland shallow lakes
Lakes Deep lakes

Brackish lakes & lagoons
Natural state waters

Tidal lagoon estuaries (SIDE)
Tidal river estuaries (SSRTRE)

Estuaries )

Fiords and bays (DSDE)

Natural state waters
Opencoast Open coast

Potable groundwatefassumed can occur anywhere)
Groundwater Nonpotable groundwater (not mapped)

Groundwater drinking supply protection zone

3.6 Summarising results at the level of sites, classes, FMUs and the region

The state ofall possibleattributes at all possible sites was determinadd assembled into a GIS
so thatusersof the GlSan explore the results at individual siteEparticular interest to them.
However the large number of sites and attributes (e.giore than 100 sites and3 attributes
across 3 time periodfor rivers alon®é means that presentingll the individualsite results is
impractical fora written report (i.e., it would require hundreds of pages)d is not necessary to
achieve the purpose of this report.

The draftfreshwater objectives provided by Norton and Wilson (204@for each waterbody
classrather than for each individual waterbody or sifEhese classlevel freshwater objectives
couldultimately be further groupecr subdivided based on tHeroaderlevelof each FMU or the
region as a whold desired While t would also be possibl® set individual freshwater objectives
at a finer spatial scaléor some particuldy important individual waterbodies or sites where
justified, thisis notcurrently envisagedo be a practical approachcross all waterbodies and/or
sites for the reasons described Mortonand Wilson (2019)or the purpose of this report was

8 The Environment Court Interim Decision (December 2019) indicates there will be six FMUs in
future, with Waituna Lagoon to be separated from the Mataura FMU. The new FMU will be
NEFSNBR (2 Fa W2FAlGdzyF Q O0LI NFYIANFILIK onot ®

Page24



therefore usefulto group the results angbresent summaries oénvironmentalstate wherever
possibleat the following spatial scales

9 forthe region as a whole
9 for each freshwater management unit (FMU); and
1 for eachgroundwater, river, lake and estuacjass

The variabilityin environmental stateamongst sites within each of thespatial groupings has
been illustrated usingtatistical a graphical techniquege.g. W6 2 E 3 (pibtk), asidpssrivéd
further in the next section.

Notwithstanding abovghis report does present results for individual sites for lakes and estuaries
This is because there are fewer monitored sites on lakes andess,and showingindividual site
resultswas considered the best way of illustratitige variability of environmentalstate in these
cases.

3.7 Additional method detalil

Some further detailof the methods used for assemblingand analysing datas providedin
Appendix 5 This is particularly to record detaitgpecific to the individual assessmentdor
groundwater rivers, lakes and estuarieand to record exceptions to the general method
described abovavhere necessaryl he detail in Appendi&is unlikely toaffect theinterpretation
of theresults presented below for most readerstbmay be of interest to teduncial readers.
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Figure2: Map of river water quality classes for Southland




Lakes Classification
I Brackish Lake

I Dcep Lake

I Lowland Shallow Lake
I Natural State

I Upland Shallow Lake

Figure3: Map of lake classes for Southland
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4 How to read the esults in this report

As already describedthis report mostly usesan a¢! . / 5¢ ol yRAYy3 &aeaidsSy
SYGANRYYSyGlf adlradS 6KSNB a!é¢ ASySNIftte YSIya
' YR a5¢ Y Slhagféw caskszadribitedhave been described as altwoS NS R G LJ & & k 1

system usuallywhere there wasnsufficient technical justification to describe an ABCD gradient

The environmental state (A, B, C or D) is presented for three time baselines (2010, 2016 and
current 2019) and in each case, wherever possible, is compared to the relevant draft freshwate
objective state (A, B or C band). The size of any gap is indicated by whether one or more bands of
improvement is needed.

As a crosseference aid oK' S a&! . / 5¢  dherg &enartididescription of each
attribute, along with thethresholdnumbers and other techical details, providedasd I G G NJ& 6 dzii S
adFdS 2LiA2yé GlrofSa Ay !'LIISYRAOSa m (G2 n F2N:

4.1 Results at different spatial scales

Summaries arpresentd at three spatial scalesvhere possible

9 for the region as a whole;
9 for each freshwater management unit (FMU); and
9 for eachgroundwater, river, lake and estuacjass

Thereason for this is that thdraft freshwater objectives provided in Norton and Wilson (2019)
were identified for each class of rivers, lakes, estuaries and groundwater, aselsihavithin the
context of the Southland region and the five identified FMUs for the region.

Different thingscan be learnect each of theseapatiallevels of analysis:

1 Region scalanalyssillustrateswhat the key problems are; such as the key contaminants
nitrogen, phosphorus, sediment and faecal microorganisms, which directly and indirectly
contribute to numerous failures to meet draft freshwater objectivesross the region
However analyisat regional scaledyy Qi St f dza Of SI NY & GKSNB G+

1 FMU scaleanalyss displayshe clear distinction between the largely pristine state loét
Fiordland and Islands FMU compared to the other four FMUs with more developed land
dzaSa o621 AldzZ !'LINRYIFZ nNBOGA FyR al Gl dzN¥ 0o

1 Class scalanalyssshows upclear patterns of difference between the classes, particularly
for rivers and lakes.

1 Individual waerbody scale analysis(where available) illustrates how variable the
environment can be, even for waterbodies within the same class and sites within the same
waterbody.

42 4. 2E YR 6KA&1TSNE RAIFINI YA

To illustratevariabilitybetween sitesand the spread ofite datawithin river classswe have used
obox and whiskerdiagrams as illustratecand explainedn

Figure6. Generallythese show the medigmuartiles, % and 93" percentiles of data from all sites
within a class, owithin an FMU or within the region as a whole.
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_— <+«——— 95th percentile
(worst 5% of sites)

<+——— 75th percentile
(worst 25% of sites)

Inter-quartile range 4 <+«——— Median

(contains 50% of sites)

<+«——— 25th percentile
(best 25% of sites)

S <+«—— 5th percentile
(best 5% of sites)

Figure6: Generic diagram showing how to interpret a box and whisker plot
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5 Groundwaterresults

Fourtypes of attributeswere usedas draft FWOsfor groundwateras provided in Norton and
Wilson (2019). Theseere:

9 E.coli-in relation to the value of water gply (human healtly;

9 Nitrate ¢ in relation to the value of water supply (human heajth)

1 Nitrate ¢ in relation to groundwater ecosystem healftoxicity); and

1 All other DWSNZontaminants- in relation to the value of water supply (human health)

Of thesethe state of thefirst three have been assessbdlow. There is insufficient data available
to asses®ther DWSNZ contaménts across the region

5.1 Regionscale analysis

5.1.1 E.coli

The proportion ofgroundwater sitesneeting the draft FW@A band)and failing(D band)across
the region at different time periods is showmTable6 and inFigure7 below. These resultshow
approximately one third of sitfail the drat FWO for water supply (human health).

Table6: Percentage of sitethat pass and failvith respect toE. colifor the Southland region for
each of the assessment years.

2010 2016 2019

Num Pass Num Pass Num Pass
Southland 236 69.1% 30.9% 301 721% | 27.9% 309 64.4% | 35.6%

100
90
80
70
60
50
40
30
20
10

0

Percentage of sites (%)

2010 (n=236) 2016 (n=301) 2019 (n=309)
Pass m Fall

Figure7: Proportion of sites inpassor fail bands with respect tce. colifor the three assessment
years (whole of Southland region).

® Drinking Water Standards New Zealand 2005 (revised 2018) (Ministry of Health 2018)
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5.1.2 Nitrate ¢ water supply (humarhealth)

The proportion of groundwater sites meeting the draft FWiassband) and failingféil band)
across the region at different time periods is shoiwrnable7: Percentage of sites classiat
pass and faivith respect tonitrate nitrogenfor the Southland region for each of the assessment
years. and inFigure &igure8: Proportion of sitesin passor fail bandswith respect tonitrate
nitrogen for the three assessment periods (whole &bouthland regiol. N/A represents bores
that are naturally unpotable.below. Note that a small percentage of sites were classified as
KI @Ay ARGY DY S I NdRedzyhRyd atiir&lli}Ndccurring concentrationsnofinganese
and arseniexceeding the DWSNZhd so the draft FWO opassband does not applyo those
sitesand theyare depicted asib ! ¢ 0y 2 (G MdhkJahdi Figlirés &Theke/results
suggest therehas been some deterioration sin@10 andapproximately one third of sites
currently (in 2019) fail the draft FWO foitrate for water supply (human health).

Table7: Percentage of sites class#isat pass and faiwith respect tonitrate nitrogen for the
Southland region for each of the assessment years.

2010 2016 2019

Num | Pass NA | Num | Pass NA | Num Pass NA
Southland | 110 | 80.9%| 15.5%| 3.6%| 214 | 66.4%| 31.8%| 1.9%| 176 | 68.2%| 31.3%| 0.5%

100
80

70

60
50
40

Percentage of sites (%)

30
20

10

2010 (n=110) 2016 (n=214) 2019 (n=176)

Pass m Fail = NA

Figure8: Proportion of sitesin passor fail bandswith respect tonitrate nitrogen for the three
assessment periods (whole dbouthland regio. N/A represents bores that are naturally
unpotable.
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5.1.3 Nitrate ¢ groundwater ecosystem healtftoxicity)

Theaveragegroundwaternitrate nitrogenconcentrationwas calculate@crossall suitablesitesin

the region for the threetime periods A summary presenting the assigned band for each
assessment period for th@hole Southland region is presented belowTiable8. A graphical & 2

I YR ¢ KrépiedeSiadibh of this data is also presented Figure9 and this shows the
distribution of site concentrations around thmean. Thisshows that while some siteare in B
band (greeniand a few are in A band (blyajost sites are in C band (yellow) amfew are in D
band (red) that will require improvement to achieve at least C bdrttke band level to set
freshwater objectivedor groundwaterecosystem health has not yet been set and remains a
choice from A to C bandhese results show considerable improvement would be nedded
achieve an objective better than C band across the region.

Table 8: Calculatedfive-year mean concentratiors and associated assigned bands for the
Southland region for each of the assessment periods.

2010 2016 2019
5 Year 5 Year 5 Year
Num Mean Band Num Mean Band | Num Mean Band
(mg/L) (mg/L) (mg/L)
Southland 110 451 C 214 571 C 176 5.75 C

=
]

E

[ 4

% 0O 2010 (n=110)
£ 0 2016 (n=214)
L] -

£ O 2015 (n=176)
=

=

Southland

miEsnd =8 Band CBand WD Band
Figure9: Box and whisker plots showing the distribution of site medians that are used to
calculate the regional fiveyear mean for each assessment perio®n each box the middle
horizontal line indicates thdive-year median, the cross indicates the fiweear mean and the
upper and lower quartiles are indicated by the extent of the box. The whiskers indicate the max
and min values that are not considered outliers (1.5 times the interquartile range above or
below the upper and lower quartiles).

5.2 FMU scale analysis

Groundwater ges were grouped into their respective FMUs and a similar analygs then
undertaken as presented below.
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5.2.1 E.coli

The proportion of groundwater sites meeting the draft F\Wassband) and failing fail band)in
each FMUat different time periods is shown ifable 9and inFigurel0below. These results show
relatively small differences between FiWith slightlyfewer sites currently (in 2019) failing the
draft FWO forE. coli for water supply (human healthh the WaiauFMU (20% fail) and slightly
more failing in theAparima FMU (44%)

Table9: Percentage of sites class#ésat passand fail with respect toE. colifor each FMU for

each of the assessment years. There is insufficient data to make an assessment for the Fiordland
and Islands FMU.

2010 2016 2019
FMU Num Pass Num Pass Num Pass
Mataura 87 80.5% 19.5% 123 76.4% 23.6% 117 67.5% 32.5%
nNBGA 86 60.5% 39.5% 111 69.4% 30.6% 106 63.2% 36.8%
Aparima 45 60% 40% 50 64% 36% 66 56.1% 43.9%
Waiau 16 75% 25% 17 82.4% 17.6% 20 80% 20%
Froelern e 2 Insufficent data
Islands
100
g\i 80
3 70
%)
« 60
[S)
8, 50
fu
c 40
3
E 30
20
10
0
201020162019 201020162019 201020162019 201020162019
al (ndzNI nNB{A Aparima Waiau
Pass m Fall

Figure 10: Proportion of sites in passand fail bands with respect to E. colifor the three
assessment yeartsy FMU. Insufficient data available to makan assessment for the Fiordland
and Islands FMU.

5.2.2 Nitrate ¢ water supply (human health)

The proportion of groundwater sites meeting the drefVO (A band) and failing (D baideach
FMU at different time periodss shown inTable 10and inFigure 11 Note again that the small
LISNODSy GF3aS 2F aAdSaLkqilloafash FANERIzyRig | KIFSNEY I NSy 2R/S
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applicable) These resu$ show relatively small differences between FMUs \2BHo 37% of sites
currently (in 2019) failing the draft FWO faitrate for water supply (human health).

Table10: Percentage of sites class#sat pass and failvith respect tonitrate nitrogen for each
FMU for each of the assessment periods. There is insufficient data to make an assessment for

the Fiordland and Islands FMU.

2010 2016 2019

FMU Num Pass- NA | Num Pass! NA | Num Passg NA
Mataura 43 76.7% | 23.3%| 0% 85 61.2% | 37.6%| 1.2%| 70 62.9% | 37.1%| 0%
n NB{d 40 80% 15% 5% 76 68.4% | 29.0%| 2.6% | 57 73.7% | 24.6%| 1.7%
Aparima 21 90.5% | 4.8% | 4.7% 42 73.8% | 23.8%| 2.4%| 40 70% 30% 0%
Waiau 6 83.3%| 0% 16.7%| 11 63.6% | 36.4%| 0% 9 66.7% | 33.3%| 0%
Fiordland

and Insufficent data

Islands

100

9 I [ |
S 80
")
O 70
=
n
4w 60
[S)
()
> 50
8
c 40
1)
2 30
[©)
)

10

0

201020162019 201020162019 201020162019 201020162019
al Gn dzNJ n NS G A Aparima Waiau
Pass m Fail m NA

Figurel1l: Proportion of sitesin passand fail bands with respect to nitrate nitrogen for each

assessment periodey FMU. There is insufficient data to make an assessment for the Fiordland
and Islands FMU.

5.2.3 Nitrate ¢ groundwater ecosystem health (toxicity)

The average groundwateitrate nitrogenconcentration was calculated across all suitable sites in

each FMUor the three time periods. A summary presenting the assigned band forrFédthand

assessment p#od is presentedelow inTablel1d
of this data is also presented kigurel2 and this shows the distribution of site concentrations
around the melianfor each FMU

I AN LIKAOI f

Wo 2 E
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These resultsuggest there has been some deterioratiomedianstate between 2010 and 2019
particulaly in the n NBatidiWaiau FMUsand to a lesser extenin the Apaima FMU with
negligible differencen median state between 2010 and 2019 in thdataura FMU The results

show that while some sites are in B band (green) and a few are in A band (blue), most sites are in
C band (yellow) and significant numbehave beenin D band (redkince 2016 and theswill

require improvement to achieve at least C band. The band level to set freshwater objectives for
groundwater ecosystem health has not yet been set and remains a choice from A to C band. These
results show ensiderable improvement would be needed to achieve an objective better than C
bandin all FMU®@xcept the Fiordland and Islandsis assumed this latter FMU is already currently

in A bandalthough thereis insufficient datdo substantiatethis (Tablel1).

Tablel11l: Calculated fiveyear means and associated assigned bands for each FMU for each of
the assessment periods. Thereiissufficient data to make an assessment for the Fiordland and
Islands FMU.

2010 2016 2019
5 Year Mean 5 Year Mean 5 Year Mean
FMU Num (mg/L) Band | Num (mg/L) Band | Num (mgiL) Band

Mataura 43 6.46 C C

nNBGA| 40 3.55 C C
Aparima 21 2.88 C 42 5.17 C 40 5.09
Waiau 6 2.64 C 11 5.80 C 9 6.11
F'Oml"s"’l‘;g d"f‘s'ld the o NA - 0 NA - 0 NA

* Fiordland and Islands do not have data flois assessment but it is assumed these are classed
in the A Band.

85 6.79
76 4.79

70 6.64 C
57 5.05

000
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Figure12: Box and whisker plots showing the distribution of site medians that are used to
calculate the regional fivesear means for each FMU for each assessment period. On each box
the middle horizontal line indicates théve-year median, the cross indicates the fiwgear mean

and the upper and lower quartiles are indicated by the extent of the box. The whiskers indicate
the max and min values that are not considered outliers (1.5 times the interquartile range above
or below the upper and lower quartiles).

5.3 Groundwater Management Zone (GNI&cale analysis

This scale of analysis was only carried out forritigate nitrogen attribute in relation taoxicity
for groundwater ecosystem health.

5.3.1 Nitrate ¢ groundwater ecosystenhealth (toxicity)

Groundwater sites were grouped into their respectB®Zsand the meangroundwaternitrate
nitrogen concentration was calculated across all suitable sites in &ld& for the three time
periods. A summary presentirige assigned band for eacbMZis presented below iffable 12
GNJ LKA OF f W62 E | y RsofitisidatahrSaipresdbtedNidbgarsl §(fod2018)2 y
Figure 15 (for 2016) andFigure 17 (for 2019) These figures showhe distribution of site
concentrations around the ntBanfor eachGMZ Maps depictinghese results spatially are shown
in Figurel4 (for 2010),Figurel6 (for 2016) and=igurel8 (for 2019).

These resultsuggest there has been some deterioration inanetate between 2010 and 2019
particularly in theBlackmount CastlerockMakarewa,n NJBTe AnauWaimatuku, and Waimea
PlainsGMZsThe results show that while sonsitesare currentlyin B band (green) and a few are

in A band (blue), most sites are in C band (yellow) and a significant nanmgieD band (red) and
these will require improvement to achieve at least C band. The band level to set freshwater
objectives for groundwater ecosystem health has not yet been set and remains a choice from A to
C band. These results show considerable impmm would be needed to achieve an objective
better than C band imostGMZs
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Table 12: Calculated fiveyear meangroundwater nitrate nitrogen and associated assigned
bands for each GMZ for each of the assessment periods.

2010 2016 2019
5 year 5 year 5 year
Gro;rg:]v(\a/ater Num m)(/aan Band | Num m)::-an Band| Num m)::-an Band
(mg/L) (mg/L) (mg/L)
Awarua 3 1.10 7 0.94 1 0.00
Blackmount 1 0.01 ‘ 3 8.93 8.93
Castlerock 1 3.40 C 4 11.94 4 12.45
Central Plains| 16 5.33 cC | 25 5.30 22 5.16
Croydon 2 3.55 C 7.28 5 6.44
Dipton 2 0.03 1 0.02 2 0.09
Edendale 9 7.28 \ 18 7.71 14 7.33
Five Rivers | 4 3.47 8 3.95 8 3.42
Knapdale | 3 8.25 | o 7.62 9 8.43
Lower Aparima| 6 3.16 C 12 3.55 12 3.47
LowerMataura 6 5.98 C 15 7.10 14 5.55
Lowern NB ( 8 2.00 | 13 2.02 10 4.20
Makarewa 3 0.14 . 7 6.27 1 2.00
nNBGA| 2 4.50 C 2 7.50 2 7.95
Riversdale 7 4.35 cC | 12 5.42 9 3.90
Te Anau 2 185 BN 2 3.78 2 3.65
Te Waewae | 1 4.95 C 4 6.98 3 6.37
Upper Aparima| 11 2.95 C 19 5.67 18 5.70
Waihopai 5 4.25 C 17 4.90 8 5.42
Waimatuku 4 2.24 \ 9 6.12 8 5.95
Waimea Plains| 6 9.26 | 5 14.45 5 14.48
Waipounamu | 1 3.30 1 3.65 1 3.90
Wendonside | 5 8.88 | 4 | 1130 5 9.05
Cattle Flat NA NA NA | 1 1.38 1 1.43
Longridge NA NA NA | 2 2.46 C 2 2.90 C
Orepuki NA NA NA 1 5.90 C 1 5.40 C
Wendon NA NA NA | 3 4.42 C 2 3.15 C
FDa»%Qa gAGK y2 NBLNBaSyidlGAdS ardsSa NB yz2i
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Figure13: Box andwhisker plots showing the distribution of site medians that are used to
calculate the regional fiveyear means for each FMU for the 2010 assessment period. On each
box the middle horizontal line indicates the fivgear median, the cross indicates the fiweear
mean and the upper and lower quartiles are indicated by the extent of the box. The whiskers
indicate the max and min values that are not considered outliers (1.5 times the interquartile
range above or below the upper and lower quartiles).
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Legend
Groundwater Ecosystem Health - Nitrate toxicity
2010

- A (Very good)
[ B (Good)
[ JcFain
I © (Poor)
[Ina

= Regional boundary

Figurel4: Map showing theassigned band for each GMZ for the 2010 assessment period
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Figure15: Box and whisker plots showing the distribution of site medians that are used to
calculate the regional fivegyear means for each FMU for the 2016 assessment period. On each
box the middle horizontal line indicates the fivgear median, the cross indicates the fiwear
mean and the upper and lower quartiles are indicated by the extent of the box. The whiskers
indicate the max and min values that are not considered outliers (1.5 times the interquartile
range above or below the upper and lower quartiles).
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Legend

Groundwater Ecosystem Health - Nitrate toxicity
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Figurel6: Map showing the assigned band for each GMZ for the 2016 assessment period.
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Figure17: Box and whisker plots showing the distribution of site medians that are used to
calculate the regional fiveyear means for each FMU for the 2019 assessment period. On each
box the middle horizontal line indicates the feryear median, the cross indicates the fiwaear
mean and the upper and lower quartiles are indicated by the extent of the box. The whiskers
indicate the max and min values that are not considered outliers (1.5 times the interquartile
range above or belowthe upper and lower quartiles).
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Legend

Groundwater Ecosystem Health - Nitrate toxicity
2019
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Figurel8: Map showing the assigned band for each GMZ for the 2019 assessment period.
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5.4 Key message for groundwater

54.1
1

5.4.2

Human health for drinking

At a regional scalepproximately one third ofroundwater bore monitoringitesfail the
draft E. coli FWO fordrinkingwater supply (human health)he failing sitesre spread
acossthe four developed FMU¢Waiau, Apariman NXaidiMataura) Few sites are
monitored in the Fiordland and Islands FNAW groundwater in that FMU is assuméal
be good.

At a regional scalapproximately one third of sites currently fail the draft FWO for nitrate
for drinking water supply (human health). This is approximately twice the percentage of
sites that failed irR010 indicatingsome deterioratiorhas occured

Substantial improvement in botk. coliand nitrate contamination would be needed
some locationgo meet the relevant draft WOs forgroundwater béng safe for drinking
across the region

Groundwaterecos/stem health

The draft freshwater objective fgpotential effects ofnitrate toxicity on groundwater
ecosystem health has not yet been set and remains a choice from A to C \hihel
needing to at least maintain current state

Thenitrate nitrogenconcentrationresultsorganisedoy Groundwater Management Zone
(GMZ)show thatwhile currently fourzonesare inA (blue) oB band (green), mogtones
are in C band (yellow) and a significant number are in D band (i€dand 7 zones
respectivelyTabk 12.

Gonsiderable improvemenin some locationsvould be needed to achieve an objective
better than C bandbor nitrate toxicity in groundwateacross the region.
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6 Riversresults

6.1 Region scale analysis

Results for all attributes across the whole region are showfadble 13 to Table17. The
distribution ofresults across sites is shown by the box and whisker plots in the top part of each
table. The numbefand percentaggof sites meetinghe draft FWOs is shown in the middle rows

of eachtable. The number (and percentage) of siteseding to improve byne, two or three
bands to achieve the draft FW@sshown in the bottom rows of each table

Key messages from the region scale analysiaafellows

6.1.1
1

6.1.2

6.1.3

Generalmessages

There is generally large variabilitygnvironmentalstate between sites, as illustrated by
the mostly tall (i.e., spread out) box and whisker plots.

We cannotsee from the regional results whether ish environmentalvariability is
associated with differences between FMUs iger classesTo address thiguestion fner
scaled analyes at FMU and river class scalarepresented insectiors 6.2and6.3.

What we can see fio the region scale analysswhich attributes are the biggest problem
in terms of failing to meet the draft FW(theseare describedelow.

Nutrients

The dissolved nutrient DIN exhibits wide variabaityoss sites, with approximatedythird
of sites in A band, one third in D band and one third in betw&rbstantial reduction in
DIN concentations would be needed to achieve at least C band at\al sitesin the
region(Tablel3); however seehird bullet below

For the dissolvd nutrient DRPthere appears tohave been improvement since 2010
althougha quarter of sites areurrently (2019)n D bandTablel3).

BothDINand DRP arattributesA y G KS 3ANRdzLd 2F a! RRAGAZ2Y I f
I G G NR 0 dnie&iiently regobRmended by Norton and Wilson (2)1or use as limt
rather than as FW§)see sectior8.2). The ABCD band thresholds used for @8I DRm

this report are from the proposed new draft NPSF&ptenioer 2019)and were derived
nationally. It is anticipated that regionadcale modelling work in Phase Three of the
Regional Forum process will hetore robustlyestimate the percentage reductisrin
DINand DReeded in different catchments to meet river periphyton, lake phytoplankton
and estuary macroalgae objectives. In the meantime the reductioBsNto meet at least

C band shown in this report can be considered indicative of what may be needed.

Toxicants dissolved oxygen and temperature
Nitrate and ammonia toxicity are not a key problem at most siteblel3).

For dissolved oxygefDO) there is wide variability betveen sites and a substantial
proportion (67%) fail taneet the draft FWO of A band in all river clas@exblel3).
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1 Fortemperature in summefdoxRutherford Index CRI}here appears to have been some
deterioration (temperature increase) since 2010 andlrently (2019gapproximately one
third of sites fail to meet the draft FWOdblel3).

1 For temperaturan winter almost all sites fail to meet the draft FWO (a maximum ¢CL1
for trout spawning)Tablel3), suggesting this is a very difficabjective to achieveven
naturallyasthere arenot obvious resource useausege.g., heated water dischargdake
of shadeor large abstractions) contributing tvarm water temperatures in wintemn
Southland

6.1.4 E.coli

1 ForE. colat all sites not designated as batgisitesaround 10% of sites currently achieve
the draft FWO but 90% require substaniiaprovement(Table14).

1 ForE. coliat identified bathing site¢Tablel14) all severmonitored popular bathing sites
(i.e.,100%0f siteg are in D banédndwould require substantial improvement by 3 bands
to achieve the draft FWO of A band.

6.1.5 Sediment and clarity

1 Forwater clarity (black disc) approximately half the sites met the draft FWO. Of the 50%
of sites that failedabout 30% would need to improve by one band and the other 20% by
two bands Tablel5).

1 For deposited fine sediment (% covai)0% of sites achieved band whenassessed
against thenew proposed draft NPSFiéposited fine sedimeriiands(released for public
consultation September 2019Tablel5). There iscurrently no draft FWObard set for
deposited fine sedimertiut from these results it may be reasonable to #et draft FWO
at A bandfor all river types.Note that when depasited fine sediment(% cover) was
assessed againgite Clapcott et al., (2011) guidelimdmost all siteg97%) achieved the
guidelineand 3% of sites faile@ablel6).

I For suspended sediment (measured as turbidity resultssuggest some improvement
between2010 and 2019, with approximateB7%of sites achiemg A band 3% B band
22% C band and 38% [Rnadl, when assessed against the new proposed draft NPSFM
suspendedsediment bandgreleased for public consultation September 20T9lel5).
There is currently no draft FWO band set$ospendedediment

1 Forsugpendiblesediment (Quoresuspended inorganic sedime(@!$ method), which is
not nationally compulsory or proposed but is included in this reporasadditional
attribute for interest because data are availalgee sectiorB.2), around 80% of sites
failed the assessed guideline (Clapcott et al., 2011) in 2019 and 60% failed iTabES (
16).

6.1.6 Periphyton, macroinvertebrates andative fish
9 For periphyton biomass (chlorophy) approximately90% of sites met the draft FWO
while 7% would need to improve by ormand and 3% improve by two ban@ablel5).

1 For benthiccyanobacteria cover around 73% of sites met the draft F@{those that
failed 12% would need to improve byp@®band,12% by two bands and 3% by three bands
(Tablelb).
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6.1.7

For filamentous periphyton cover about half the sites achieved and half failed the draft
FWO Tablel®6).

For mat periphyton cover (diatoms and cyanobactea@put 85% achieved and %5
failed the draft FWOT(ablel6).

For macroinvertebrates (MCdpproximately twethirds of sites achieved the draft FWO
while the other thirdneeds to improve bgneband (Tablel7).

For nativefish (IBl)at 201927% of sites achieved A bartb% B band18% C band and
9% D bandTablel7). No numeric FWO @irrently proposed for native fish IBHowever

IBlis one of the additiongbroposed national compulsomsttributesin the new proposed

draft NPSFM released for public soitationin September 201@nd so its inclusion will
need to be reviewed when any new NPSFM is finalised

Summary messages

Nutrients (DIN and DRRandsediment arehe key contaminantshat contribute to many
of the failures to meet draft FWOs listathove along withknownriparian and irstream
habitatand flow regime issuda placesand potentialy also climate effectslespite these
latter non-contaminant rdated effects nothavingbeen assessed quardiively in this
report. Most notably the faled draft FWO#ncludefailures to meet key ecosystem health
attributes for periphyton and macroinvertebratest a significant proportion of sites
across the region

E.coliis a key contaminanmaffecting the value of human health for recreation aife
draft FWO for this attribute was failed at a significant majority ofssdeross the region
and at allmonitored designated bathing sites

Finally, 2 SELJ 2 N8B LJ (G S Myhe regioNBedapdve phobléns NEsur

requires analysis at finegpatid scales (FMU and river class lewad) presented in the
followingsections.
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Table 13: Distribution of attribute states of themonitored rivers across the region by water quality attributeand a breakdown of the improvement
required to meet the FWOENNN =nitrate-nitrite nitrogen)

Parameter NNN NH:-N DIN DRP DO Temperature CRI Temperature max.
A state T T T T T T
B state — — —

D state T

Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019

Sites in A state 30 40 32 32 46 34 22 21 17 10 23 20 ) ) 10 1 1 5 1 0 0
45% | 53% 53% 48% | 61% | 57% | 31% | 28% | 28% | 15% | 32% | 34% 36% 6% 5% 12% 6% 0% 0%
Sites in B state 23 23 20 32 25 22 5 4 3 19 14 12 ) ) 6 4 5 11
34% | 30% 33% 48% | 33% | 37% 7% 5% 5% 29% | 19% | 21% 21% | 25% | 24% | 26% N/A
Sites in C state 13 13 8 3 5 4 19 24 20 20 18 13 ) ) 9 11 11 14
19% | 17% 13% 1% 7% 7% 27% | 32% | 33% | 30% | 25% | 22% 32% | 69% | 52% | 33%
Sites in D state 1 0 0 0 0 0 25 27 20 17 18 13 ) ) 3 0 4 12 15 18 21
1% 0% 0% 0% 0% 0% 35% | 36% | 33% | 26% | 25% | 22% 11% 0% 19% | 29% | 94% | 100% | 100%
Maintain 64 74 58 65 74 58 ) ) 9 14 17 27 1 0 0
98% | 100% | 100% | 100% | 100% | 100% 33% | 88% | 81% | 66% 7% 0% 0%
Improve 1 state 1 0 0 0 0 0 ) ) 6 2 4 13 13 16 16
2% 0% 0% 0% 0% 0% 22% | 13% | 19% | 32% | 93% | 100% | 100%
N/A N/A
Improve 2 states 0 0 0 0 0 0 - - 9 0 0 L
0% 0% 0% 0% 0% 0% 33% 0% 0% 2% N/A
Improve 3 states 0 0 0 0 0 0 - - 3 0 0 0
0% 0% 0% 0% 0% 0% 11% 0% 0% 0%
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Table 14: Distribution of attribute states of the monitored rivers across the region By coli
attribute, and a breakdown of the improvement required to meet the FWOs.

FMU E. coli(bathing sites) E. coli(all sites)
A state T T
B state
C state
D state == = ==
E state T T T
Baseline year 2010 2016 2019 2010 2016 2019
o 0 0 0 6 12 6
Sites in A state 0% 0% 0% 9% 16% 10%
L 0 0 0 8 6 2
Sites in B state 0% 0% 0% 11% 8% 3%
o 0 0 0 2 2 1
Sites in C state 0% 0% 0% 3% 3% 206
Sites in D state 5 5 ! 12 15 20
100% 100% 100% 17% 20% 33%
. . 42 41 31
Sites in E state N/A 60% 54% 5206
Maintain 0 0 0 10 16 >
0% 0% 0% 15% 22% 9%
Improve 1 state 0 0 0 4 2 2
P 0% 0% 0% 6% 3% 3%
Improve 2 states 0 0 0 1 14 19
P 0% 0% 0% 16% 19% 33%
Improve 3 states 5 > ! 43 42 32
P 100% 100% 100% 63% 57% 55%
0 0 0
Improve 4 states N/A 0% 0% 0%
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Tablel5: Distribution of attribute states of the monitored rivers across the region by water qualggdimentand aquatic plant attribute, and a breakdown
of the improvement required to meet the FWOs.

Parameter Black disc Suspended sediment (turb.) Deposited sediment cover Periphyton biomass Benthic cyanobacteria cover
= =
A state — $ $ T
B state —
D state I I I I I I - -
Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites in A state 15 19 14 14 24 22 i 30 35 i i 10 ) 24 26
22% 26% 24% 20% 32% 37% 100% 100% 33% 80% 74%
Sites in B state 9 13 10 5 S 2 - 0 0 - - 12 - 1 1
13% 18% 17% 7% 7% 3% 0% 0% 40% 3% 3%
Sites in C state 12 13 11 9 7 13 i 0 0 i i 6 ) 1 3
18% 18% 19% 13% 9% 22% 0% 0% 20% 3% 9%
Sites in D state 32 29 23 42 40 23 ) 0 0 ) ) 2 ) 4 5
47% 39% 40% 60% 53% 38% 0% 0% 7% 13% 14%
Maintain 25 36 28 28 36 37 ] 0 0 ] ] 26 . 23 24
37% 49% 49% 40% A7% 62% 100% 100% 90% 79% 73%
Improve 1 state 22 20 18 42 40 23 ) 0 0 ) ) 2 ) 2 4
P 33% 27% 32% 60% 53% 38% 0% 0% 7% 7% 12%
Improve 2 states 20 17 11 - - - - 0 0 - - 1 - 3 4
P 30% 23% 19% 0% 0% 3% 10% 12%
Improve 3 states 0 0 0 - - - - 0 0 - - 0 - L L
P 0% 0% 0% 0% 0% 0% 3% 3%
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Tablel6: Distribution of compliance with the FWOs for periphyton cover and the Clapedbtl.
(2011) deposited sediment and suspendible inorganic sediment (SIf)y Quorer method)
guidelines, and a breakdown of the improvement required to meet the FWOs/guidelines.

Filamentous periphyton Deposited sediment

Parameter cover Mat periphyton cover cover

Pass state
(meeting
objective/guide

line) %l

Fail state failing
objective/guide
line)

Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019

Sites meeting ] 15 | 13 ] 26 | 29 ] 28 | 34 ] 31 | 18
50% | 37% 87% | 83% 93% | 97% 40% | 18%
Sites failing ] 15 | 22 ] 4 6 ] 2 1 ] 46 | 84
50% | 63% 13% | 17% 7% | 3% 60% | 82%
Maintain ] 15 | 13 ] 26 | 29 ] 28 | 34 ] 31 | 18
50% | 37% 87% | 83% 93% | 97% 40% | 18%
Improve ) 15 | 22 ] 4 6 ) 2 1 ) 46 | 84
50% | 63% 13% | 17% 7% | 3% 60% | 82%
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Table 17: Distribution of attribute states of the monitored rivers across the region by
macroinvertebrate and fish attributgeand a breakdown of the improvement required to meet
the FWOs

Parameter MCI IBI
A state '|'
T
B state
I
D state I I
Baseline year 2010 2016 2019 2010 2016 2019
o 16 17 12 0 10 6
Sites in A state 20% 16% 11% 0% 1% 27%
L 35 38 39 4 25 10
Sites in Btate 44% 37% 37% 36% 48% 45%
L 12 21 22 7 12 4
Sites in C state 15% 20% 21% 64% 23% 18%
L 17 28 32 0 5 2
Sites in D state 21% 27% 30% 0% 5% 4%
Maintain 55 69 65
74% 70% 66%
Improve 1 state 19 30 34
P 26% 30% 34%
N/A
Improve 2 states 0 0 0
p 0% 0% 0%
Improve 3 states 0 0 0
p 0% 0% 0%
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6.2 FMU scale analysis

Results for all attributeand siteggrouped into their parent FMUsre shown inTable18to Table

36. The distribution of resultsy each FMUs shown by the box and whisker plots in the top part

of each table. The number (and percentage) of sites meeting the draft Fv¥@sh FMUks shown

in the middle rows of each table. The number (and percentage) of sites needing to improve by
one, two or three bands to achieve the draft FWOs is shown in the bottom rows of each table.

Key messages from the FMU scale analysis are as follows:

6.2.1 Fiordlandand islands FMU

f C2NJ 0KS WCAZ2NRflIYyR |yR AaflyRaQ Ca! 0 KSNB
assumed that streasand rivers in this FMU are in a high quality, largely natural state
compared to the other four more developed FMUs

6.2.2 Nutrients

1 For thedissolved nutrient DINhe Waiau FMU is in a significantly better stétan the
other three FMUs, with more than half Waiau FMU site A band and none in D band.
There is negligible difference between the other three developed &8fid they arein
poorer stae with45%,44%and26% of sites in D band for theeti, AparimaandMataura
FMUs respectivelgTable20). However seehird bullet below.

I For the dissaled nutrient DRRhe pattern is similar to DINwith the Waiauin a
significantly better statg88% of sites in A bandhan the others There is negligible
differencebetween the other three developed FMUs and they are in poorer state with
33%, 30% and17% of sites in D band for the Aparima, Mataura andNJBRMUNS
respectively(Table21).

f .2G06K 5Lb FYR 5wt FFNB FGGNAROdzGSE& AyuldoigS 3INP dz
FGONROdzGSaé | YR NS OdzZNNByidfée NBEO2YYSYRSR 0
rather than as FWOs (see secti®f). The ABCD band thresholds useddtN and DRP in
this report are from the proposed new draft NPSEB&ptember 2019nd were derived
nationally. It is anticipated that regionatale modelling work in Phase Three of the
Regional Forum process will help more robustly estimate the percentage reductions in
DIN and DRP needed in different catchments to meet river periphyage phytoplankton
and estuary macroalgae objectives. In the meantime the reductions in DIN to meet at least
C band shown in this report can be considered indicative of what may be needed.

6.2.3 Toxicants, dissolved oxygen and temperature

1 For nitrate and ammoia toxicity there is negligible difference between the FMUs. The
Waiau FMU has a greater proportion of sites in A band (almost 100%) than the other three
developed FMUS, but all FMUs are almost 100% compliant with the draft FWOs for nitrate
and ammonia taicity (Tablel8 and Tablel9).

1 For dissolved oxygen (DO) there is wide varighilétween siteswith the state possibly
a little worse in the Aparima FMU (median state C band) @egto the Waiau and
Mataura FMUs (median state B band) aneéti FMU (median state upper B ban@able
22).
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6.2.4

6.2.5

For temperature in summer (CRI) tteterioration (temperature increase) since 200
evident in all four developed FMUsuggesting that potentially climate may be a factor
There is no clear difference betwedmese four FMU, with median current (2019) state
in B banl (Aparima and Waiau) or C band (Mataarain NJ5(fiable23).

For temperature in wintethere is no differene between FMUs, with all four developed
FMUs faihg to meet the draft FW@a maximum of 12C for trout spawning almost all

sites, reinfocing thatthis is a very difficult objective to achievEaple24). There areno
obvious resource use causes (e.g., heated water discharges or large abstractions)
contributing to warm water temperatures in winter in Southland

E.coli

ForE. coliat all monitoredsites not designated as bathing sitee Waiau FMU was again

in better condition than the other FMUslthough deterioration since 201®eans the
Waiau FMU still currently (2019) fails to meet the draft FWOs in 90% of withsmost

of those (60%heedng to improve by two bands or mor&he other three developed
FMUsare in poorer state with little difference between themind with more than 90% of
sitesfailing and the majority needing to improve by three bands to achieve the draft FWO
(Table25).

As noted previouslyof E. coliat identified bathing site¢Table14) all seven monitored
popular bahing sites (i.e., 100% of sites) are in D band and would require substantial
improvement by 3 bands to achieve the draft FWO of A band.

Sediment and clarity

For water clarity (black disc) the Waiau FMU was again in significantly better state than
the other three developed FMUs, with 100% of sites meeting the draft FWOs compared
to 56%, 35% and 38% of sites meeting the draft FWOs in the Aparima, MatauraNigd
FMUs respectivelyrable26).

For deposited fine sediment (% cover) there was little difference between FMU©aat!

of sites achieved\ band wherassessedgainst the new proposed draft NPSFM deposited
fine sediment bads (released for public consultation September 2qQI8@ble28). There

is currently no draft FWO band set for deposited fine sediment but from these results it
seemstimay be reasonable to set the draft FWO at A band for all river tyyet® that

when deposited fine sediment (% cover) was assessed against the Clapcott et al., (2011)
guideline almost all sites achieved the guidelvith 100% of sites achieving tigatideline

in the Aparima, Mataura and Oreti FMUs and 91% of sites in the Waiau Fiilg29).

For suspendedediment (measured as turbidity) the results suggest sanprévement
between 2010 and 201&cross all FMU3.he Waiau was again significantly better state
than the other three developed FMWsth 80% of sites in A band awde site in D band
(in 2019 when assessed against the new proposed draft NPSFM susgeseliiment
bands released for public consultation September 2(#ble27). The Mataura was the
worst FMU for suspended sediment with% of sites in D band in 2QIhe Aparima and
n NBniérg similar with33% and 28% of sites in D baind2019 respectivgl There §
currently no draft FWO band set for suspended sediment.

For suspendiblesediment (Quorer SIS methqdyhich is not nationally compulsory or

proposed but is included in this report as an additional attribute for interest because data
are available (see sectid?), the majority of sites failed the assessed guideline (Clapcott
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et al., 2011) in all FMUs, with 74%, 96%, 89% and 62% of sites failing in the Aparima,
Mataura,n NJauidAVaiau FMUs respectivelyaple30).

6.2.6 Periphyton, macroinvertebrates and native fish

1 For periphyton biomass (chlorophglithe FMUS were similavith 75%,100% 86% and
86% of sites currently (2019) meeting the draft FWOs in the, Aparima, MataNZauid A
WaiauFMUs respectivelyT@ble31).

1 For benthic cyanobacteria covéine Waiau FMU was slightly worse wii®% of sites
currently (2019) meeting the draft FWOs in the idéacompared t675%, B% and 86%,
of sitesin the Aparima, Mataura and NJFKElWs respectivelyTa@ble34).

1 For filamentous periphyton covahe Aparima FMU was worst witho sites currently
(2019) meeting the draft FWO. For the remaining FNB38p, 8% and 55% of siteseet
the draft FWOs in th#lataura,n NJauidX¥VaiauFMUs respectivelyT@ble 32.

I For mat periphyton cover (diatoms and cyaagteria)the Waiau FMU was again slightly
worse with 64%,100%,92% and 8% of sites currently (2019) meeting the draft FWOs in
the Waiau, Aparima, Mataura amd NGk Us respectivelgTable33).

1 For macroinvertebrates (MChe Waiau FMU was in a better state than the others, with
100% of Waiau FMU sites achieving the draft B\d@mpared to 76%, 57% and 48% in
the Aparima, Mataura and NJ-ElUs respectivelyTable35).

f For native fish (IB) K SNB ¢ | & y Qdrende befineh thé fou deweloed FMUSs,
with the majority of sites in Ao C bands for all FMUs and only & sitesin D band in
some years for all FMU$4ble36). No numeric FW@asproposed for native fisfiBl) by
Norton and Wilson (2019)However IBI is one of thadditional proposed national
compulsory attributes in the new proposed draft NPSFM released for public consultation
in September 2019 and so its inclusion will need to be reviewed when any new NPSFM is
finalised.

6.2.7 Summary messages

f The FMU scale analysis gggts thatd 2 4 K G KS WCA 2 NRf I ¢icwalay R A & f |
FMUexhibit distinctpatterns of compliance with the draft FWOs compared te tther
three developed FMUs (Aparima, Mataura andNJsvihichare all similarto eachotherin
terms of FWQ@ompliance

f ¢KS WCAZ2NR{FYR I yR A ainlaighfualitydardely datural Rtaté G A y O
although we have few data to show this

1 The Waiau FMU is distinct for beiimgenerallybetter conditionthan the other developed
FMUs for many attributes (DIN, DRPE. coli, water clarity suspended sediment,
filamentous periphyton and macroinvertebrate NCalthough in distinctly worse
condition for a fewkeyattributes (nat cover andenthic cyanobacteria

1 The FMU scalanalysis reinforcethat nutrients (DIN and DRP), sediment dnhdoliare
key contaminants that contributéo observedfailures to meet draft FWOs in all of the
developed FMUsalong with potentially in placewith known riparian and irstream
habitat and flow regime issueand potentially also climate effectdespite these latter
non-contaminant related effects not having been assessed quantitatively in this teport
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Table18: Distribution of the NNN toxicityattribute states of the monitored rivers within each FMU, and a breakdown of the improvement required to
meet the FWO.

Fiordland and the islands Aparima Mataura
A state — % $ %
B state |
e
D state
Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites in A state ) ) ) 5 5 3 9 16 12 7 8 7 9 11 10
45% 42% 33% 30% 48% 52% 41% 40% 39% 100% 100% 100%
Sites in B state - - - 5 6 5 12 9 ! 6 8 8 0 0 0
45% 50% 56% 40% 27% 30% 35% 40% 44% 0% 0% 0%
Sites in C state - - - L L L 8 8 4 4 4 3 0 0 0
9% 8% 11% 27% 24% 17% 24% 20% 17% 0% 0% 0%
Sites in D state - - - 0 0 0 L 0 0 0 0 0 0 0 0
0% 0% 0% 3% 0% 0% 0% 0% 0% 0% 0% 0%
Maintain ) ) ) 11 12 9 29 33 23 15 18 16 9 11 10
100% 100% 100% 97% 100% 100% 100% 100% 100% 100% 100% 100%
Improve 1 state - - - 0 0 0 L 0 0 0 0 0 0 0 0
P 0% 0% 0% 3% 0% 0% 0% 0% 0% 0% 0% 0%
Improve 2 states - - - 0 0 0 0 0 0 0 0 0 0 0 0
P 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Improve 3 states - - - 0 0 0 0 0 0 0 0 0 0 0 0
P 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
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Table19: Distribution of the NH,-N toxicity attribute states of the monitored rivers within each FMU, and a breakdown of the improvement required to
meet the FWO.

Fiordland and the islands Aparima Mataura
A state
B state
D state
Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites in A state ) ) ) 6 6 4 10 22 12 8 8 9 8 10 9
55% 50% 44% 33% 67% 52% 47% 40% 50% 89% 91% 90%
Sites in B state ) ) ) 5 6 5 20 7 8 6 11 8 1 1 1
45% 50% 56% 67% 21% 35% 35% 55% 44% 11% 9% 10%
Sites in C state - - - 0 0 0 0 4 3 3 1 1 0 0 0
0% 0% 0% 0% 12% 13% 18% 5% 6% 0% 0% 0%
Sites in D state - - - 0 0 0 0 0 0 0 0 0 0 0 0
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Maintain ) ) ) 11 12 9 30 33 23 15 18 16 9 11 10
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Improve 1 state - - - 0 0 0 0 0 0 0 0 0 0 0 0
P 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Improve 2 states - - - 0 0 0 0 0 0 0 0 0 0 0 0
P 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Improve 3 states - - - 0 0 0 0 0 0 0 0 0 0 0 0
P 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
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Table20: Distribution of the DINattribute states of the monitored rivers within each FMU, and a breakdown of the improvement required to meet the
FWO.

Fiordland and the islands Aparima Mataura

A state _T . . T T . _ T

B state

D state -1 1 -1 L - L

Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019

Sites in A state - - - 4 4 3 7 6 4 6 4 4 5 7 6
36% 33% 33% 21% 18% 17% 33% 20% 22% 56% 64% 60%

Sites in B state - - - 0 0 0 2 L L 0 1 0 3 2 2
0% 0% 0% 6% 3% 4% 0% 5% 0% 33% 18% 20%

Sites in C state ) ) ) 2 3 2 12 13 12 4 6 4 1 2 2
18% 25% 22% 36% 39% 52% 22% 30% 22% 11% 18% 20%

Sites in D state ) ) ) 5 5 4 12 13 6 8 9 10 0 0 0
45% 42% 44% 36% 39% 26% 44% 45% 56% 0% 0% 0%

Maintain - - - - - - - - - R - - R R -

Improve 1 state - - - - - - - - - - - - - - -

Improve 2 states - - - - - - - - - - - - - - R

Improve 3 states - - - - - - - - - - - - - - _
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Table21: Distribution of the DRPattribute states of the monitored rivers within each FMU, and a breakdown of the improvement required to meet the
FWO.

Fiordland and the islands Aparima Mataura

A state — — — I

B state ] ] —

D state I IR B I L IR

Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019

Sites in A state - - - 2 6 4 1 4 4 2 6 5 5 7 7
18% 50% 44% 3% 12% 17% 13% 30% 28% 56% 88% 88%

Sites in B state ) ) ) 4 1 2 8 10 5 4 3 4 3 0 1
36% 8% 22% 27% 30% 22% 25% 15% 22% 33% 0% 13%

Sites in C state - - - 1 1 0 12 10 7 6 6 6 1 1 0
9% 8% 0% 40% 30% 30% 38% 30% 33% 11% 13% 0%

Sites in D state - - - 4 4 3 9 9 7 4 5 3 0 0 0
36% 33% 33% 30% 27% 30% 25% 25% 17% 0% 0% 0%

Maintain - - - - - - - - - - - - - i -

Improve 1 state - - - - - - - - - - - - - - -

Improve 2 states - - - - - - - - - - - - - - R

Improve 3 states - - - - - - - - - - - - - - _
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Table22: Distribution of the DOattribute states of the monitored rivers within each FMU, and a breakdown of the improvement required to meet the
FWO.

Fiordland and the islands Aparima Mataura

A state i

B state |
H
D state
Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
. . 0 4 4 2
Sites in A state - - - - - 0% - - 40% - - 50% - - 33%
. . 1 2 2 1
Sites in B state - - - - - 25% - - 20% - - 25% - - 17%
. . 2 2 2 3
Sites in C state - - - - - 50% - - 20% - - 25% - - 50%
. . 1 2 0 0
Sites in D state - - - - - 25% - - 20% - - 0% - - 0%
Maintain - - - - - 0 B ) 4 B i 3 . ] 2
0% 40% 43% 33%
Improve 1 state - - - - - 1 - - 2 - - 2 - . 1
P 25% 20% 29% 17%
Improve 2 states - - - - ) 2 ) B 2 ) i 2 ] ] 3
P 50% 20% 29% 50%
Improve 3 states - - - - - 1 - - 2 - - 0 - . 0
P 25% 20% 0% 0%
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Table23: Distribution of thetemperature CRéttribute states of the monitored rivers within each FMU, and a breakdown of the improvement required to
meet the FWO.

Fiordland and the islands Aparima Mataura

A state {

B state

D state L -1
Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites in A state - - - ! L 0 0 0 2 0 0 1 0 - 2
33% 20% 0% 0% 0% 13% 0% 0% 9% 0% 29%
Sites in B state - - - 0 L 4 0 2 3 4 2 2 0 - 2
0% 20% 50% 0% 22% 19% 57% 29% 18% 0% 29%
Sites in C state - - - 2 2 L > 4 7 3 5 4 1 - 2
67% 40% 13% 100% 44% 44% 43% 71% 36% 100% 29%
Sites in D state - - - 0 L 3 0 3 4 0 0 4 0 - L
0% 20% 38% 0% 33% 25% 0% 0% 36% 0% 14%
Maintain ) ) ) 3 4 5 4 6 11 7 7 6 0 ) 5
100% 80% 63% 80% 67% 69% 100% 100% 60% 0% 71%
Improve 1 state - - - 0 L 3 L 3 5 0 0 4 1 - L
0% 20% 38% 20% 33% 31% 0% 0% 40% 100% 14%
Improve 2 states - - - 0 0 0 0 0 0 0 0 0 0 - 1
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 14%
Improve 3 states - - - 0 0 0 0 0 0 0 0 0 0 - 0
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
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Table24: Distribution of themax. winter temperatureattribute states of themonitored rivers within each FMU, and a breakdown of the improvement
required to meet the FWO.

Fiordland and the islands Aparima Mataura

Passstate

Failstate

Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019

Sites inPassstate - - - ! 0 0 0 0 0 0 0 0 0 0 0
33% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Sites inFailstate - - - 2 4 5 5 6 9 Y Y 6 1 1 L
67% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

Maintain ) ) ) 1 0 0 0 0 0 0 0 0 0 0 0
33% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Improve ) ) ) 2 4 5 4 5 5 6 6 5 1 1 1

P 67% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
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Table25: Distribution of theE. coliattribute states of the monitored rivers within eaclfMU, and a breakdown of the improvement required to meet the
FWO.

Fiordland and the islands Aparima Mataura

A state —

B state —

D T LT

E state I__T_I —— e

Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019

Sites in A state - - - 0 0 0 L 3 2 8 3 3 2 6 L
0% 0% 0% 3% 9% 9% 17% 15% 17% 22% 55% 10%

Sites in B state - - - 2 L 0 L L 0 2 2 L 3 2 L
18% 8% 0% 3% 3% 0% 11% 10% 6% 33% 18% 10%

Sites in C state - - - 0 0 0 L L 0 0 L L L 0 0
0% 0% 0% 3% 3% 0% 0% 5% 6% 11% 0% 0%

Sites in D state - - - 2 4 4 5 ! ! s 2 2 2 2 !
18% 33% 44% 16% 21% 30% 17% 10% 11% 22% 18% 70%

Sites in E state ) ) ) 7 7 5 24 21 14 10 12 11 1 1 1
64% 58% 56% 75% 64% 61% 56% 60% 61% 11% 9% 10%

Maintain ) ) ) 2 1 0 1 4 2 3 3 2 4 8 1
18% 8% 0% 3% 12% 9% 19% 17% 13% 44% 73% 10%

Improve 1 state - - - 0 0 0 2 L 0 0 L L 2 0 L
0% 0% 0% 6% 3% 0% 0% 6% 6% 22% 0% 10%

Improve 2 states - - - 2 4 4 5 7 ’ 3 2 2 L L 6
18% 33% 44% 16% 21% 30% 19% 11% 13% 11% 9% 60%

Improve 3 states ) ) ) 7 7 5 24 21 14 10 12 11 2 2 2
64% 58% 56% 75% 64% 61% 63% 67% 69% 22% 18% 20%

Improve 4 states - - - 0 0 0 0 0 0 0 0 0 0 0 0
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
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Table26: Distribution of thevisual clarityattribute states of the monitored rivers withineach FMU, and a breakdown of the improvement required to
meet the FWO.

Fiordland and the islands Aparima Mataura

A state
B state

D state L B B I B I I B

Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites in A state - - - 2 3 2 2 3 L > 5 4 6 8 7
18% 25% 22% 6% 9% 4% 29% 26% 24% 75% 80% 78%
Sites in Btate - - - 2 3 2 5 7 > L 2 2 1 1 L
18% 25% 22% 16% 21% 22% 6% 11% 12% 13% 10% 11%
Sites in C state - - - 2 0 2 7 ° 6 2 3 2 1 1 1
18% 0% 22% 22% 27% 26% 12% 16% 12% 13% 10% 11%
Sites in D state ) ) ) 5 6 3 18 14 11 9 9 9 0 0 0
45% 50% 33% 56% 42% 48% 53% 47% 53% 0% 0% 0%
Maintain ) ) ) 5 6 5 8 13 8 5 7 6 7 10 9
45% 50% 56% 25% 39% 35% 31% 39% 38% 88% 100% 100%
Improve 1 state ] ] ] 1 1 1 14 13 11 6 6 6 1 0 0
9% 8% 11% 44% 39% 48% 38% 33% 38% 13% 0% 0%
Improve 2 states ) ) ) 5 5 3 10 7 4 5 5 4 0 0 0
45% 42% 33% 31% 21% 17% 31% 28% 25% 0% 0% 0%
Improve 3 states - - - 0 0 0 0 0 0 0 0 0 0 0 0
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
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Table27: Distribution of compliance with theproposed draft NPSFM (September 2018)spendedsediment (turbidity) bandsin the monitored rivers
within each FMU.

Fiordland and the islands Aparima Mataura

P T T T T T T é

B state —

D state T T T I__T_l I__T_l T T I +

Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites in A state - - - 2 5 4 3 5 2 > 6 8 4 8 8
18% 42% 44% 9% 15% 9% 28% 30% 44% 44% 73% 80%
Sites in B state - - - 1 0 L L L 0 2 3 0 1 1 1
9% 0% 11% 3% 3% 0% 11% 15% 0% 11% 9% 10%
Sites in C state - - - L L 1 2 2 7 3 4 5 3 0 0
9% 8% 11% 6% 6% 30% 17% 20% 28% 33% 0% 0%
Sites in D state ) ) ) 7 6 3 26 25 14 8 7 5 1 2 1
64% 50% 33% 81% 76% 61% 44% 35% 28% 11% 18% 10%
Maintain

Improve 1 state

N/A
Improve 2 states

Improve 3 states
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Table28: Distribution of compliance with thgroposed draft NPSFM (September 20H@positedfine sediment covebandsin the monitored rivers within
each FMU.

Fiordland and the islands

Aparima Mataura

2| = B = B| & 2| &

B state
D state
Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites in A state - - - - 4 4 - 11 12 - 8 8 - Y 11
100% 100% 100% 100% 100% 100% 100% 100%
Sites in B state - - - - 0 0 - 0 0 - 0 0 - 0 0
0% 0% 0% 0% 0% 0% 0% 0%
L 0 0 0 0 0 0 0 0
Sites in C state - - - - 0% 0% - 0% 0% - 0% 0% - 0% 0%
Sites in D state - - - - 0 0 - 0 0 - 0 0 - 0 0
0% 0% 0% 0% 0% 0% 0% 0%
Maintain
Improve 1 state
N/A

Improve 2 states

Improve 3 states
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Table 29: Distribution of compliance with the Clapcott et a(2011)fine sediment cover guideline in the monitored rivers within each FMU, and a
breakdown of the improvement required to meet the guideline.

Fiordland and the islands

Aparima Mataura

Below guideline

Above guideline

Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites below 3 4 10 12 8 8 7 10
guideline ) ) ) ) 75% 100% ) 91% 100% ) 100% 100% ) 100% 91%
Sites above 1 0 1 0 0 0 0 1
guideline ) ) ) ) 25% 0% ) 9% 0% ) 0% 0% ) 0% 9%
Maintain - 3 3 3 3 4 . 10 12 . 8 8 ] 7 10
75% 100% 91% 100% 100% 100% 100% 91%
Improve ] ] ] ] 1 0 ] 1 0 ] 0 0 ] 0 1
25% 0% 9% 0% 0% 0% 0% 9%
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Table 30: Distribution of compliance with the Clapcott et a(2011) Quorer method 613 guideline in the monitored rivers within each FMU, and a
breakdown of the improvement required to meet the guideline.

Fiordland and the islands Aparima Mataura

Below guideline

Above guideline

Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites below 9 5 6 1 7 4 9 8
guideline ) ) ) ) 53% 26% ) 26% 4% ) 30% 11% ) 64% 38%
Sites above 8 14 17 25 16 32 5 13
guideline ) ) ) ) 47% 74% ) 74% 96% ) 70% 89% ) 36% 62%
Maintain - - - - 9 5 - 6 L - ! 4 - 9 8
53% 26% 26% 4% 30% 11% 64% 38%
Improve ] ] ] ] 8 14 ] 17 25 ] 16 32 ] 5 13
47% 74% 74% 96% 70% 89% 36% 62%

Pager0



Table31: Distribution of theperiphyton biomassattribute states of the monitored rivers within each FMU, and a breakdown of the improvement required
to meet the FWO.

Fiordland and the islands

Aparima Mataura
A state — _
B state — E
I
D state
Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
L 0 5 4 1
Sites in A state - - - - - 0% - - 45% - - 50% - - 14%
L 2 2 3 5
Sites in B state - - - - - 50% - ” 18% ) ) 38% ) ) 71%
L 1 4 0 1
Sites in C state - - - - - 25% - - 26% - - 0% - - 14%
L 1 0 1 0
Sites in D state - - - - - 25% - - 0% - - 13% - - 0%
Maintain - - - - - 3 B ) 1 B i 6 . ] 6
75% 100% 86% 86%
Improve 1 state - - - - - 1 - - 0 - - 1 - . 0
P 25% 0% 14% 0%
Improve 2 states - - - - - 0 - - 0 - - 0 - - 1
P 0% 0% 0% 14%
Improve 3 states - - - - - 0 - - 0 - - 0 - - 0
P 0% 0% 0% 0%
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Table32: Distribution of compliance with the FWO for long filamentous periployt cover in the monitored rivers within each FMU, and a breakdown of
the improvement required to meet the FWO.

Fiordland and the islands Aparima Mataura

Meeting
objective

Failing objective

Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites meeting 1 0 6 4 4 3 4 6
objective ) ) ) ) 25% 0% ) 55% 33% ) 50% 38% ) 57% 55%
Sites failing 3 4 5 8 4 5 3 5
objective ) ) ) ) 75% 100% ) 45% 67% ) 50% 63% ) 43% 45%
Maintain ] ] ] ] 1 0 ] 6 4 ] 4 3 ] 4 6
25% 0% 55% 33% 50% 38% 57% 55%
Improve ] ] ] ] 3 4 ] 5 8 ] 4 5 ] 3 5
75% 100% 45% 67% 50% 63% 43% 45%
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Table33: Distribution of compliance with the FWO for thick mat periphyton cover in the monitored rivershm each FMU, and a breakdown of the
improvement required to meet the FWO.

Fiordland and the islands Aparima Mataura

Meeting
objective

Failing objective

Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites meeting 4 4 11 11 7 7 4 7
objective ) ) ) ) 100% 100% ) 100% 92% ) 88% 88% ) 57% 64%
Sites failing 0 0 0 1 1 1 3 4
objective ) ) ) ) 0% 0% ) 0% 8% ) 13% 13% ) 43% 36%
Maintain ] ] ] ] 4 4 ] 11 11 ] 7 7 ] 4 7
100% 100% 100% 92% 88% 88% 57% 64%
Improve ] ] ] ] 0 0 ] 0 1 ] 1 1 ] 3 4
0% 0% 0% 8% 13% 13% 43% 36%
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Table 34: Distribution of the benthic cyanobacteriaattribute states of the monitored rivers within each FMU, and a breakdown of the improvement
required to meet the FWO.

Fiordlandand the islands Aparima Mataura
5 5 = | = | =
A state — —
B state
D state 1 1
Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites in A state - - - - 4 3 - 9 9 - ! ! - 4 !
100% 75% 82% 75% 88% 88% 57% 64%
Sites in B state - - - - 0 0 - 0 0 - 0 0 - L 1
0% 0% 0% 0% 0% 0% 14% 9%
Sites in C state - - - - 0 L - 0 0 - 0 0 - L 2
0% 25% 0% 0% 0% 0% 14% 18%
Sites in D state - - - - 0 0 - 2 3 - ! ! - L 1
0% 0% 18% 25% 13% 13% 14% 9%
Maintain - - B, ) 4 3 B 9 9 i 6 6 ] 4 6
100% 75% 82% 75% 86% 86% 57% 60%
Improve 1 state - - - - 0 ! - 0 0 - 0 0 - 2 3
0% 25% 0% 0% 0% 0% 29% 30%
Improve 2 states - - - - 0 0 - L 2 - L L - L !
0% 0% 9% 17% 14% 14% 14% 10%
Improve 3 states - - - - 0 0 - 1 1 - 0 0 - 0 0
0% 0% 9% 8% 0% 0% 0% 0%
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Table35: Distribution of the MClattribute states of the monitored rivers within each FMU, and a breakdown of the improvement required to meet the
FWO.

Fiordland and the islands Aparima Mataura
A state
- s 1| =2 =
D state I I I I I
Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites in A state - - ) 5 5 4 5 6 2 4 4 2 2 2 4
38% 24% 19% 20% 19% 7% 16% 12% 6% 12% 11% 19%
Sites in B state ) ) ) 6 7 8 10 9 10 6 8 10 13 14 11
46% 33% 38% 40% 29% 36% 24% 24% 29% 76% 74% 52%
Sites in C state - - - 1 5 4 5 5 6 4 9 6 2 2 6
8% 24% 19% 20% 16% 21% 16% 27% 17% 12% 11% 29%
Sites in D state ) ) ) 1 4 5 5 11 10 11 12 17 0 1 0
8% 19% 24% 20% 35% 36% 44% 36% 49% 0% 5% 0%
Maintain ) ) ) 12 17 16 19 19 16 11 18 16 13 15 17
92% 81% 76% 76% 61% 57% 48% 58% 48% 100% 94% 100%
Improve 1 state ) ) ) 1 4 5 6 12 12 12 13 17 0 1 0
P 8% 19% 24% 24% 39% 43% 52% 42% 52% 0% 6% 0%
Improve 2 states - - - 0 0 0 0 0 0 0 0 0 0 0 0
P 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Improve 3 states - - - 0 0 0 0 0 0 0 0 0 0 0 0
P 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
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Table36: Distribution of thelBlattribute states of the monitored rivers within each FMU.

Fiordland and theslands Aparima Mataura

A state —L

B state H E ]

D state
Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites in A state - - - 0 L L 0 4 L 0 2 2 0 3 2
0% 13% 25% 0% 20% 13% 0% 13% 2% 0% 33% 67%
Sites in B state ) ) ) 1 2 2 1 10 4 2 10 3 0 3 1
50% 25% 50% 33% 50% 50% 40% 67% 43% 0% 33% 33%
Sites in C state - - - L 3 L 2 5 2 3 3 1 1 1 0
50% 38% 25% 67% 25% 25% 60% 20% 14% 100% 11% 0%
Sites in D state - - - 0 2 0 0 L L 0 0 1 0 2 0
0% 25% 0% 0% 5% 13% 0% 0% 14% 0% 22% 0%
Maintain
Improve 1 state
N/A

Improve 2 states

Improve 3 states
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6.3 Classscale analysis

Results for all attributes and sites grouped into their parent river type classeshaven inTable

37to Table55. The distribution of results in eaclver classs shown by the box and whisker plots

in the top part of each table. The number (and percentage) of sites meeting the draft FWOs in
eachclassis shown in the middle rows of each table. The number (and percentage) of sites
needing to improve bgne, two or three bands to achieve the draft FWOsliwwn in the bottom

rows of each table.

Key messages from the river class scale analysis are as follows:

6.3.1 Natural State chss

f C 2 NJNatird8 Staperiassmost attributes are only sampled at a small number of sites
(generally three or less)lrhost allattributes at these sitesvere in A or B band state, with
the exceptions obnesite (Dunsdale Streamt ®unsdale Reservlpaving a B band for DRP
andE. coliand C band for clarity and native fish (IBI). A greater number of natural state
sites are monitoed for MCI and deposited fine sediment, with these results showing
several sites in C band for MCI, and several failing the deposited fine sediment (QiBrer
method) guideline presumablyall due to natural causedt is interesting that the Natural
Stake classcorediowerthan all the other classes for native fish (IBBI§le55). A possible
explanation is that native fish (IBI) results can be lowebgy natural factors such as
distance from the sea and this ase of the reasons that no numeric FWO is currently
proposed for native fis{iBl) in Southland.

6.3.2 Nutrients

9 For the dissolved nutrient Diiere is a clear pattern of higher concentrationd.owland
Soft Bed and Lowland Hard Bed riv@rajority of sites in lower C andiiand), with low
concentrations irNatural State and/lountain rivers (A bandind Lake Fed rivers (upper
B and A band), and with Hill rivers in betweemétly AC band) Table39). However see
third bullet below.

1 For the dissolved nutrient DRP the pattebetween classess very similar to DINas
described abové¢Table40).

f As described previoushp2 i K 5Lb FyR 5wt FNB FGONROGdziSa
LINPLR2ASR ylFraGA2yFf O2YLJzZ a2NEB I (0 NXooamh Saé¢ |y
Wilson (2019) for use as limits rather than as FWOs (see s&@pnThe ABCD band
thresholds used for DIN and DRP in this report are from the proposedirefvNPSFM
(September 2019nnd were derived nationally. It is anticipated that regicsahle
modelling work in Phase Three of the Regional Forum process will help more robustly
estimate the percentage reductions in DIN and DRP needed in differentnoatts to
meet river periphyton, lake phytoplankton and estuary macroalgae objectives. In the
meantime the reductions in DIN to meet at least C band shown in this report can be
considered indicative of what may be needed.

6.3.3 Toxicants, dissolved oxygen and tgarature
91 For nitrate and ammonia toxicity there is a clear pattern of higher concentrations in

Lowland Soft Bed and Lowland Hard Bed rivers (B and C band) and lower concentrations
in all other river classes (A band). However these two attributes are sigh#ficant issue
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6.3.4

6.3.5

with almost 100% of sites in all river classes achieving the draft Fé0ie37 and Table
38). It is noted that theFWO for nitrate toxicity in particular is to some extent redundant
becauseconsiderably lower concentratiorsre necessary in most cases to achidve
periphyton FWOs described further below.

Fordissolved oxygen (DO) theresi€lear pattern of poorer state in the Lowland Soft Bed
rivers(13% meet the draft FWO) and Lowland Hard Bed rivers (22% meet the draft FWO)
compared to 63% and 100% of sites meeting draft BWOHill and Mountain rivers
regpectively. TheLake Fealass showaresult for only one site and this fails to meet the
draft FWO Table41).

For temperature in summer (CRitere isnot a clear pattern of difference between the
river classes. However thgeneral deterioration (temperature increase) since 2010
observed earliem the region scale and FMU scale analysis is also evidentTredie42).

For temperature in winter there is no difference betwesver classes and almost all sites

fail to meet the draft FWO (a maximum of 3T for trout spawning), reinforcing ¢h
difficulty of achievinghis objectiveas noted earlie(Table43). As noted previouslthere

are no obvious resource use causes (e.g., heated water discharges or large abstractions)
contributing to warm water temperatures in winter in Southland

E.coli

ForE. coliat monitored sites not designated as bathing sitesre is again a clear pattern

of higher concentrations and 100% failure to achieve FWOs in LoBlafhtbedsites D-

E bandand Lowland Hard Bed sité3-E band)with low concentrations in Mountain river

sites (A band) and with Hill and Lake Fed rivers in between with 81% and 67% of sites
respectively failing FW&Table45).

As noted previouslyof E. coliat identified bathing site¢Table14) all seven monitored
popular bathing sites (i.e., 100% of sites) are in D band and would require substantial
improvement by 3 bands to achieve the draft FWO of A band.

Sediment and clarity

Forwater clarity (black disc) the same pattern is evident with poorer state in Lowland Soft
Bed sites (29% meet FWOs) and Lowland Hard Bed sites (29% meet FWOs) compared to
88%, 100% and 100% of sites meeting FWOs in Hill, Mountain and Lake Fed rivers
respedively (Table44).

For deposited fine sediment (% cover) there is no pattern of difference between classes
and 100%f sitesachieved A band when assessaghinst the ew proposed draft NPSFM
deposited fine sediment bands (released for public consultation September ZrASle

47). There is currently no draft FWO band set for deposited fine sediment but from these
results itseems itmay be reasonable to set the draft FWO at A band for all river types.
Note that when @posited fine sediment (% cover) was assessed against the Clapcott et
al., (2011) guideline almost all sites achieved the guid€liable48).

For suspendedediment (neasured as turbidity) the resulisere assessed against the

new proposed draft NPSFM suspended sediment bands released for public consultation
September 2019Table46), and showa clear pattern of highesuspended sedimerin
Lowland Soft Bed and Lowland Hard Bed rivers (majority of sites in lower C and D band),
with low concentrations ilNatural State anélountain rivers (A band) and Lake Fed rivers
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6.3.6

(mostly A bandfor 2016 and 2019 and with Hill rivers in betwee59% A band13% C
bandand 19% D band in 2019 he results alssuggest some improvement between 2010
and 2019 across atllasses There iscurrently no draft FWO band set for suspended
sediment.

For suspendble sediment (Quorer SIS methqdyhich is not nationally compulsory or
proposed but is included in this report as an additional attribute for interest because data
are available (see seoh 3.2), the majority of sites failed the assessed guideline (Clapcott
et al., 2011)including the Natural State river sites, andh no distinct pattern between
classesTable49).

Periphyton, macroinvertebrates and native fish

For periphyton biomass (chlorophg)ithe pattern is again cleaith poorer state (greater
biomass) evident ihowlandHardBed sites (78% meet FWOs) and LowlaofiBed sites
compared to 100% of sites meeting FWOs in Hill and Mountain rivers. The oneedake
site is inCband and fails to meet the FW®gble50).

For benthic cyanobacteria cover the pattern is different. In this case the problem occurs
mostly in the Lowland Hard Bed class (67% meet FWOSs), the Hill class (60F\et
and the one site in the Mountain class fails to meet the FW&bIE53).

For filamentous periphyton cover there is not a distinct pattern, with the majority e$sit
failing the FWOs in Lowland Soft Bed, Lowland Hard Bed and Mountain classes, and the
majority of sites in Hill and Lake Fed classes achieving the F&ke 5).

For mat periphyton cover (diatoms and cyanobacteria) there is not a distinct pattern of
difference between classes, with the significant majority-{80%) of sites in all classes
achieving the FWO3 éble52).

For macroinvertebrates (MCI) there is againemchpattern of difference between classes
with lower MCI scores in Lowland Soft Bed)(Gand), Lowland Hard Bedpband) and
Spring Fed © band) classes, and higher MCI scores in HB band) and Mountain
classes (A band), with Lake Fed classedétween (BC band). Despite this pattern the
level of compliance with the draft FWOs was not so distinct between classes due to the
different MCI score objectives applying to each class. The level of compliance with draft
FWOs was 62%, 47%, 92%, 50%%d.add 33% of sites for Lowland Soft bed, Lowland
Hard Bed, Hill, Mountain, Lake Fed and Spring Fed classes respettbédi4).

For native fish (IBI) the highest Eores were in Mountain and Lake Fed clagsestly

A band)with somewhat lower scores iHill rivers (mostly A band) mostly B-Cband in
lowland Soft Bed, Lowland Had Bedand Spring Fed riverand includingrelatively low
scores in the few Natur&tate river sites monitoredLQ0%of sites in C band in 2010 and
2019 and50% of #es in D band i2016)(Table55). As already noted abowvhe low IBI
scores ifNatural State river siteare interesting and possible explanation is that native
fish (IBI) results can be lowered by natural factors such as distance from thehses

one of the reasons that no numeric FWO is currently proposeddtive fish (IBI) in
SouthlandHowever IBI is one of the additional proposed national compulsory attributes
in the new proposed draft NPSFM released for public consultation in September 2019 and
so its inclusion will need to be reviewed when any new NPiSFikalised.
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6.3.7 Summary messages

9 The river class scale analysis shows there gemerallydistinct patterns of difference
between classes and this justifies the use of the different river classes for setting
freshwater objectives. The results also show eaclpattern of different problems and
priorities for attention in different river classes, most notably that nutrients, sediment and
E. coliare key contaminant issues in Lowland Soft Bed and Lowland Hard Bed rivers, and
to a lesser but still important eght in Hill and Lake Fed rivefBhe Natural Statand
Mountainrivers are generally in very good condition.
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Table37: Distribution of theNNNtoxicity attribute states of the monitored rivers within each river class, and a breakdown of the improvement required totrtte= FWO.

Class Natural State Rivers Lowland Soft Bed Lowland Hard Bed Hill Mountain Lake Fed Spring Fed
Objective state Nochange © © B B B
e (BB B B8 8 8888
B state H
D state
Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019
Sites in A state 2 2 2 4 7 6 6 8 5 13 18 15 1 1 1 4 4 3 ) ) .
100% | 100% | 100% | 25% | 39% | 35% | 21% | 25% | 24% | 81% | 95% | 94% | 100% | 100% | 100% ] 100% | 100% | 100%
Sites in B state 0 0 0 8 9 10 12 13 9 3 1 1 0 0 0 0 0 0 ) ) )
0% 0% 0% 50% | 50% | 59% | 43% | 41% | 43% | 19% 5% 6% 0% 0% 0% 0% 0% 0%
Sites in C state 0 0 0 4 2 1 9 11 7 0 0 0 0 0 0 0 0 0 . ) .
0% 0% 0% 25% | 11% 6% 32% | 34% | 33% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Sites in D state 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 ) ) )
0% 0% 0% 0% 0% 0% 4% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Maintain 16 18 17 27 32 21 16 19 16 1 1 1 4 4 3 ) ) .
100% | 100% | 100% | 96% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Imorove 1 state 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 ) ) )
P N/A 0% 0% 0% 4% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Imorove 2 states 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) ) )
P 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Improve 3 states

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%
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Table38: Distribution of the NH-N toxicity attribute states of the monitored rivers within each river class, and a breakdown of the improvement requireddetrthe FWO.

Class

Natural State Rives

Lowland Soft Bed

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Lowland Hard Bed Hill Mountain Lake Fed Spring Fed
Objective state No change © © B B B
= B B8 888
B state El %
D state
Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019
Sites in A state 1 1 2 3 7 7 10 17 6 14 16 15 0 1 1 4 4 3 ) ) .
50% | 50% | 100% | 19% | 39% | 41% | 36% | 53% | 29% | 88% | 84% | 94% 0% | 100% | 100% | 100% | 100% | 100%
Sites in B state 1 1 0 10 9 10 18 12 11 2 3 1 1 0 0 0 0 0 ) ) )
50% | 50% 0% 63% | 50% | 59% | 64% | 38% | 52% | 13% | 16% 6% | 100% | 0% 0% 0% 0% 0%
Sites in C state 0 0 0 3 2 0 0 3 4 0 0 0 0 0 0 0 0 0 ) ) .
0% 0% 0% 19% | 11% 0% 0% 9% 19% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Sites in D state 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) ) )
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Maintain 16 18 17 28 32 21 16 19 16 1 1 1 4 4 3 ) ) .
100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%
Imorove 1 state 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) ) )
P N/A 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Imorove 2 states 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) ) )
P 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Improve 3 states
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Table39: Distribution of the DIN attribute states of the monitored rivers within each river class.

Natural State Rivers | Lowland Soft Bed Lowland Hard Bed Mountain Lake Fed Spring Fed
Objective state N/A

e | BB Bl 111l 1 T al el B R R

B state 1

D state

Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019

Sites in Astate |2 2 2 1 2 2 6 4 2 9 9 8 1 1 1 3 3 2 ] ] ]
100% | 100% | 100% | 6% | 11% | 12% | 20% | 13% | 10% | 50% | 47% | 50% | 100% | 100% | 100% | 75% | 75% | 67%
sitesinB state | 0 0 0 0 0 0 0 0 0 4 3 2 0 0 0 1 1 1 ] ] ]
0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 22% | 16% | 13% | 0% | 0% | 0% | 25% | 25% | 33%
sitesin Cstate | 0 0 0 6 6 8 9 12 | 7 4 6 5 0 0 0 0 0 0 ] ] ]
0% | 0% | 0% | 38% | 33% | 47% | 30% | 38% | 33% | 22% | 32% | 31% | 0% | 0% | 0% | 0% | 0% | 0%
0 0 0 9 0 | 7 15 | 16 | 12 1 1 1 0 0 0 0 0 0

SttesinDstate | oo, | o5 | 00 | 56% | 56% | 41% | 50% | 50% | 57% | 6% | 5% | 6% | 0% | 0% | 0% | 0% | 0% | 0% - - -

Maintain

Improve 1 state

N/A
Improve 2 states

Improve 3 states
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Table40: Distribution of the DRP attribute states of theonitored rivers within each river class.

Natural State Rivers Lowland Soft Bed Lowland Hard Bed Mountain Lake Fed Spring Fed

Objective state N/A

SRR

B state T l

DI L1 T | T | T

Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019

Sites in A state 0 1 1 0 1 1 2 5 3 4 13 13 1 1 1 3 2 1 ) . .
0% 50% | 50% 0% 6% 6% 7% 16% | 14% | 27% | 72% | 81% | 100% | 100% | 100% | 75% | 100% | 100%

Sites in B state 1 1 1 2 4 5 6 6 5 9 3 1 0 0 0 1 0 0 ) ) )
50% | 50% | 50% | 13% | 22% | 29% | 21% | 19% | 24% | 60% | 17% 6% 0% 0% 0% 25% 0% 0%

Sites in C state 1 0 0 10 8 8 7 8 3 2 2 2 0 0 0 0 0 0 ) . .
50% 0% 0% 63% | 44% | 47% | 25% | 25% | 14% | 13% | 11% | 13% 0% 0% 0% 0% 0% 0%

Sites in D state 0 0 0 4 5 3 13 13 10 0 0 0 0 0 0 0 0 0 ) ) )
0% 0% 0% 25% | 28% | 18% | 46% | 41% | 48% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Maintain

Improve 1 state

N/A

Improve 2 states

Improve 3 states
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Table41: Distribution of the DO attribute states of thenonitored rivers within each river class, and a breakdown of the improvement required to meet the FWO.

Class Natural State Rivers Lowland Soft Bed Lowland Hard Bed Hill Mountain Lake Fed Spring Fed
Objective state No change A A A A A A

A state % %

B state

D state

Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019

Sites in A state - - 1 - - ! - - 2 - - > - - 1 - - 0 - - -
100% 13% 22% 63% 100% 0%
- 0 3 1 2 0 0
Sitesin B state | - - 0% - N e | B ; % | - ; % | - -
. 0 3 4 1 0 1
Sites in C state ) ) 0% ) ) 38% | ) 44% | ) 13% | ) 0% ) T | 100%| ) i
- 0 1 2 0 0 0
Sitesin D state | - - 0% - | 1w | 7 ; % | - ; % | - ; % | - -
Maintain - - ! - - 2 - - > - - 1 - - 0 - - -
13% 22% 63% 100% 0%
Improve 1 state - - 3 - - 1 - - 2 - - 0 - - 0 - - -
38% 11% 25% 0% 0%
N/A
Improve 2 states - - 3 - - 4 - - L - - 0 - - L - - -
38% 44% 13% 0% 100%
Improve 3 states - - ! - - 2 - - 0 - - 0 - - 0 - - -
13% 22% 0% 0% 0%
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Table42: Distribution of the temperature CRI attribute states of the monitored rivers within each river class, and a breakdowreafitprovement required to meet the FWO.

Class Natural State Riers Lowland Soft Bed Lowland Hard Bed Hill Mountain Lake Fed Spring Fed
Objective state No change B B B
A state $ $
B state - %
D state T
Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019
Sites in A state ) ) 1 0 0 1 1 1 0 0 0 2 0 0 0 0 ) 0 ) ) 1
100% | 0% 0% 9% 14% | 10% 0% 0% 0% 18% 0% 0% 0% 0% 0% 100%
Sites in B state ) ) 0 0 1 2 1 1 6 3 2 3 0 1 0 0 ) 0 ) ) 0
0% 0% 20% | 18% | 14% | 10% | 40% | 60% | 40% | 27% 0% | 100% | 0% 0% 0% 0%
Sites in C state ) ) 0 2 4 5 5 4 3 2 3 4 1 0 1 1 ) 1 . ) 0
0% 100% | 80% | 45% | 71% | 40% | 20% | 40% | 60% | 36% | 100% | 0% | 100% | 100% 50% 0%
Sites in D state ) ) 0 0 0 3 0 4 6 0 0 2 0 0 0 0 ) 1 ) ) 0
0% 0% 0% 27% 0% 40% | 40% 0% 0% 18% 0% 0% 0% 0% 50% 0%
Maintain 2 5 8 7 6 9 5 5 9 0 1 0 0 ) 0 ) ) 1
100% | 100% | 73% | 100% | 60% | 60% | 100% | 100% | 82% 0% | 100% | 0% 0% 0% 100%
Improve istate 0 0 3 0 4 6 0 0 2 1 0 1 1 ) 1 ) ) 0
P N/A 0% 0% 27% 0% 40% | 40% 0% 0% 18% | 100% | 0% | 100% | 100% 50% 0%
Imorove 2 states 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 1 ) ) 0
P 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 50% 0%
Improve 3 states 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 0 ) ) 0
P 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
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Table43: Distribution of themax. winter temperatureattribute states of the monitored rivers within each river class, and a breakdown of the improvement required to meet the FWO

Class Natural Stae Rivers Lowland Soft Bed Lowland Hard Bed Hill Mountain Lake Fed Spring Fed
Objective state No change N/A A A A A A

Pass
(meeting
objective)

Fail
(failing objective),

Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019

Sites inPassstate ) ) ) 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 . ) .
0% 0% 0% 14% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Sites inFailstate - - - 2 2 > 6 9 9 v 5 5 L L L L L L - - -

100% | 100% | 100% | 86% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100%

Maintain 1 0 0 0 0 0 0 0 0 0 0 0 . ) .

N/A 14% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
6 9 9 5 5 5 1 1 1 1 1 1
Improve - - -

86% | 100% | 100% | 100% | 100% | 100% ] 100% | 100% | 100% | 100% | 100% | 100%
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Table44: Distribution of thevisual clarityattribute states of the monitored rivers within each river class, and a breakdown of the improvement required to meet the FWO

Class Natural State Rivers Lowland Soft Bed Lowland Hard Bed Hill Mountain Lake Fed SpringFed
Objective state No change B B A A A
A state % % % % %
2| & ]
B state
D state ?
Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 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 1 2 1 11 13 10 1 1 1 2 3 2 ) ) .
0% 0% 0% 0% 0% 0% 3% 6% 5% 65% | 68% | 63% | 100% | 100% | 100% | 67% | 100% | 100%
Sites in B state 1 1 0 1 1 1 2 6 5 4 5 4 0 0 0 1 0 0 ) ) )
100% | 100% | 0% 6% 6% 6% 7% 19% | 24% | 24% | 26% | 25% 0% 0% 0% 33% 0% 0%
Sites in C state 0 0 1 3 5 4 7 7 4 2 1 2 0 0 0 0 0 0 . ) .
0% 0% 100% | 19% | 28% | 24% | 23% | 22% | 19% | 12% 5% 13% 0% 0% 0% 0% 0% 0%
Sites in D state 0 0 0 12 12 12 20 17 11 0 0 0 0 0 0 0 0 0 ) ) )
0% 0% 0% 75% | 67% | 71% | 67% | 53% | 52% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Maintain 4 6 5 3 8 6 15 18 14 1 1 1 2 3 2 ) ) .
25% | 33% | 29% | 10% | 25% | 29% | 88% | 95% | 88% | 100% | 100% | 100% | 67% | 100% | 100%
Improve 1 state 12 12 12 7 7 4 2 1 2 0 0 0 1 0 0 ) ) )
P N/A 75% | 67% | 71% | 23% | 22% | 19% | 12% 5% 13% 0% 0% 0% 33% 0% 0%
Improve 2 states 0 0 0 20 17 11 0 0 0 0 0 0 0 0 0 ) ) )
P 0% 0% 0% 67% | 53% | 52% 0% 0% 0% 0% 0% 0% 0% 0% 0%
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Improve 3 states

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%
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Table45: Distribution of theE. coliattribute states of the monitored rivers within each river class, and a breakdown of the improvement required to meet the FWO

Natural State Rivers Lowlard Soft Bed Lowland Hard Bed Mountain Lake Fed Spring Fed
Objective state No change B B B A A B
A state — T % %
B state ] %I
C state
Dstate == Q
E state é -
Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019
Sites in A state 1 1 1 0 0 0 0 0 0 3 7 3 0 1 1 2 3 1 ) ) )
50% | 50% | 50% 0% 0% 0% 0% 0% 0% 18% | 37% | 19% 0% | 100% | 100% ] 50% | 75% | 33%
Sites in B state 1 1 1 0 0 0 1 0 0 4 5 0 1 0 0 1 0 1 ) . .
50% | 50% | 50% 0% 0% 0% 3% 0% 0% 24% | 26% 0% 100% | 0% 0% 25% 0% 33%
Sites in C state 0 0 0 0 0 0 1 1 0 1 1 1 0 0 0 0 0 0 ) ) )
0% 0% 0% 0% 0% 0% 3% 3% 0% 6% 5% 6% 0% 0% 0% 0% 0% 0%
Sites in D state 0 0 0 1 2 3 3 8 6 7 4 10 0 0 0 1 1 1 ) . .
0% 0% 0% 6% 11% | 18% | 10% | 25% | 29% | 41% | 21% | 63% 0% 0% 0% 25% | 25% | 33%
Sites in E state 0 0 0 15 16 14 25 23 15 2 2 2 0 0 0 0 0 0 ) ) )
0% 0% 0% 94% | 89% | 82% | 83% | 72% | 71% | 12% | 11% | 13% 0% 0% 0% 0% 0% 0%
Maintain 0 0 0 1 0 0 7 12 3 0 1 1 2 3 1 ) . .
0% 0% 0% 3% 0% 0% 41% | 63% | 19% 0% | 100% | 100% ] 50% | 75% | 33%
Improve 1 state 0 0 0 1 1 0 1 1 1 1 0 0 1 0 1 ) ) )
P 0% 0% 0% 3% 3% 0% 6% 5% 6% 100% | 0% 0% 25% 0% 33%
Improve 2 states N/A L 2 3 3 8 6 ! 4 10 0 0 0 0 0 0 - - -
P 6% 11% | 18% | 10% | 25% | 29% | 41% | 21% | 63% 0% 0% 0% 0% 0% 0%
Improve 3 states 15 16 14 25 23 15 2 2 2 0 0 0 1 1 1 ) ) )
P 94% | 89% | 82% | 83% | 72% | 71% | 12% | 11% | 13% 0% 0% 0% 25% | 25% | 33%
Imorove 4 states 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) ) )
P 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
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Table46: Distribution of compliance with theproposed draft NPSFM (September 20Eispendedsediment (turbidity) bandsn the monitored rivers within eachriver class

Natural State Rivers | Lowland Soft Bed | Lowland Hard Bed |

Mountain Lake Fed Spring Fed
Objective state N/A
e |8 | B | B NN RN =
B state
D state I__T_l T | T

Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019

2010 | 2016 | 2019 | 2010 | 2016 | 2019

Sites in A state 2 2 2 0 2 2 3 5 4 7 11 11 1 1 1 1 3 2 ) . .
100% | 100% | 100% 0% 11% 12% 10% 16% 19% | 41% 58% 69% | 100% | 100% | 100% | 25% 75% 67%

Sites in B state 0 0 0 3 1 2 1 2 0 1 2 0 0 0 0 0 0 0 ) ) )
0% 0% 0% 19% 6% 12% 3% 6% 0% 6% 11% 0% 0% 0% 0% 0% 0% 0%

Sites in C state 0 0 0 4 5 6 1 2 5 2 0 2 0 0 0 2 0 0 ) . .
0% 0% 0% 25% 28% 35% 3% 6% 24% 12% 0% 13% 0% 0% 0% 50% 0% 0%

L 0 0 0 9 10 7 25 23 12 7 6 3 0 0 0 1 1 1
Sites in D state

0% 0% 0% 56% | 56% | 41% | 83% | 72% | 57% | 41% | 32% | 19% 0% 0% 0% 25% | 25% | 33%

Maintain

Improve 1 state

N/A
Improve 2 states

Improve 3 states
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Table47: Distribution of compliance with theproposed draft NPSFM (September 20#)positedfine sediment cover bandsn the monitored rivers within each river class.

Natural State Rivers | Lowland Soft Bed | Lowland Hard Bed | Mountain Lake Fed Spring Fed
Guideline N/A

28 B8 28 |88 88 8§

B state

D state

Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019

Sites in A state ) 1 2 ) 9 9 ) 9 9 ) 9 10 ) 1 1 ) 1 4 ) ) )
100% | 100% 100% | 100% 100% | 100% 100% | 100% 100% | 100% 100% | 100%

Sites in B state - 0 0 - 0 0 - 0 0 - 0 0 - 0 0 - 0 0 - _ -
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Sites in C state - 0 0 - 0 0 - 0 0 - 0 0 - 0 0 R 0 0 R - -
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Sites in D state - 0 0 - 0 0 - 0 0 - 0 0 - 0 0 - 0 0 - _ -
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Maintain

Improve 1 state

N/A

Improve 2 states

Improve 3 states
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Table48: Distribution of compliance with the Clapcott et a(2011)fine sediment coverguidelinein the monitored rivers withineach river class, and a breakdown of the improvement
required to meet the guideline.

Class Natural State Rivers Lowland Soft Bed Lowland Hard Bed Hill Mountain Lake Fed Spring Fed
Guideline No change 20% cover 20% cover 20% cover 20% cover 20% cover 20%cover

Below guideline

Above guideline

Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019

Sites below 1 2 8 9 8 9 9 10 1 1 1 3
guideline ) 100% | 100% ) 89% | 100% ) 89% | 100% ) 100% | 100% ) 100% | 100% ) 100% | 75% ) ) )
Sites above 0 0 1 0 1 0 0 0 0 0 0 1
guideline ) 0% 0% ) 11% | 0% ) 11% | 0% ) 0% 0% ) 0% 0% ) 0% | 25% ) ] ]
Maintain . 8 9 ] 8 9 ] 9 10 ] 1 1 ] 1 3 ] . .
N/A 89% | 100% 89% | 100% 100% | 100% 100% | 100% 100% | 75%
Improve ] 1 0 ] 1 0 ] 0 0 ] 0 0 ] 0 1 ] i i
11% | 0% 11% | 0% 0% 0% 0% 0% 0% | 25%
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Table49: Distribution of compliance with the Clapcott et a{2011)Quorer method SIS guidelinein the monitored rivers within each river class, and a breakdown of the improvement
required to meet the guideline.

Class Natural State Rivers Lowland Soft Bed Lowland Hard Bed Hill Mountain Lake Fed Spring Fed
Guideline No change 450 g/n? 450 g/n? 450g/m? 450 g/n? 450 g/n? 450 g/n?

Below guideline

Above guideline

Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019

Sites below 2 1 2 0 10 5 12 8 1 0 4 4 0 0
guideline ) 67% | 20% ) 10% | 0% ) 40% | 16% ) 52% | 32% ) 100% | 0% ) 100% | 57% ) 0% 0%

Sites above 1 4 18 28 15 27 11 17 0 2 0 3 1 3
guideline ) 33% | 80% ) 90% | 100% | 60% | 84% ) 48% | 68% ) 0% | 100%| 0% | 43% ) 100% | 100%

Maintain ] 2 0 ] 10 5 ] 12 8 ] 1 0 ] 4 4 ] 0 0
NIA 10% | 0% 40% | 16% 52% | 32% 100% | 0% 100% | 57% 0% | 0%

Improve ] 18 28 ] 15 27 ] 11 17 ] 0 2 ] 0 3 ] 1 3
90% | 100% 60% | 84% 48% | 68% 0% | 100% 0% | 43% 100% | 100%
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Table50: Distribution of theperiphyton biomassattribute states of the monitored rivers within each river class, and a breakdown of the improvement required to meet the FWO

Class Natural State Rivers Lowland Soft Bed Lowland Hard Bed Hill Mountain Lake Fed Spring Fed
Objective state No change B A A A
A state % %
B state
D state
Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019
L 1 3 0 5 1 0
Sitesin Astate | - "~ | 100 | - R - % | - " | sew | - © | 100%| - - 0w | - - -
o 0 4 4 4 0 0
Sites in B state - - 0% - - aq% | ’ aa | ’ aq% | - ’ 0% ’ ’ 0% ) ’ )
L 0 2 3 0 0 1
Sites in C state l l 0% l l 2206 | ] 330 | ” 0% ” ’ 0% ’ " | 100%w] ” i
o 0 0 2 0 0 0
Sites in D state - - 0% - - 0% - - 2204 - - 0% - - 0% - - 0% - - -
Maintain - - 9 - - ! - - 9 - - L - - 0 - -
100% 78% 100% 100% 0%
Improve 1 state - - 0 - - 2 - - 0 - - 0 - - 0 - -
P 0% 22% 0% 0% 0%
N/A
Improve 2 states - - 0 - - 0 - - 0 - - 0 - - L - -
P 0% 0% 0% 0% 100%
Improve 3 states - - 0 - - 0 - - 0 - - 0 - - 0 - -
P 0% 0% 0% 0% 0%
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Table51: Distribution of compliance with the FWO for long filamentous periphyton cover in the monitored rivers within each rivesscland a breakdown of the improvement required to
meet the FWO.

Class Natural State Rivers Lowland Soft Bed Lowland Hard Bed Hill Mountain Lake Fed Spring Fed
Objective No change N/A 30% cover 30% cover 30% cover N/A N/A
Meeting

objective

Failing objective

Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019

Sites meeting 1 2 4 2 2 0 7 6 0 0 1 3
objective ) 100% | 100% ) 44% | 22% ) 22% | 0% ) 78% | 60% ) 0% 0% ) 100% | 75% ) ) )
Sites failing 0 0 5 7 7 9 2 4 1 1 0 1
objective ) 0% 0% ) 56% | 78% ) 78% | 100% ) 22% | 40% ) 100% | 100% ) 0% | 25% ) ] ]
o 4 2 2 0 7 6 0 0 1 3
Maintain - - - - - - - -
NIA 44% | 22% 22% | 0% 78% | 60% 0% 0% 100% | 75%
Improve ] 5 7 ] 7 9 ] 2 4 ] 1 1 ] 0 1 ] i i
56% | 78% 78% | 100% 22% | 40% 100% | 100% 0% | 25%
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Table52: Distribution of compliance with the FWO for thick mat periphyton cover in the monitored rivers within each river classadmgakdown of the improvement required to meet
the FWO.

Class Natural State Rivers Lowland Soft Bed Lowland Hard Bed Hill Mountain Lake Fed Spring Fed
Objective No change N/A 60% cover 60% cover 60% cover N/A N/A
Meeting

objective

Failing objective

Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019

Sites meeting 1 2 8 7 9 8 7 8 1 1 0 3
objective ) 100% | 100% ) 89% | 78% ) 100% | 89% ) 78% | 80% ) 100% | 100% ) 0% | 75% ) ) )
Sites failing 0 0 1 2 0 1 2 2 0 0 1 1
objective ) 0% 0% ) 11% | 22% ) 0% 11% ) 22% | 20% ) 0% 0% ) 100% | 25% ) ] ]
Maintain ] 8 7 ] 9 8 ] 7 8 ] 1 1 ] 0 3 ] . .
N/A 89% | 78% 100% | 89% 78% | 80% 100% | 100% 0% | 75%
Improve ] 1 2 ] 0 1 ] 2 2 ] 0 0 ] 1 1 ] . .
11% | 22% 0% | 11% 22% | 20% 0% 0% 100% | 25%
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Table53: Distribution of thebenthic cyanobacteriattribute states of the monitored rivers within each river class, and a breakdown of the improvement required to meet the FWO

a a a a O anad 0) ped o) a a Bed 0) a ake ed D 0 ea
Objective state No change B B B A A B
|:-_E| T T T
A state — T —
B state %l
D state % %
Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019
Sites in A state - 1 2 - 9 9 - 8 6 - 6 6 - 0 0 - 0 3 - - -
100% | 100% 100% | 100% 89% 67% 67% | 60% 0% 0% 0% 75%
Sites in B state - 0 0 - 0 0 - 0 0 - 0 0 - 0 0 - L 1 - - -
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 100% | 25%
Sites in C state - 0 0 - 0 0 - 0 1 - 1 2 - 0 0 - 0 0 - - -
0% 0% 0% 0% 0% 11% 11% | 20% 0% 0% 0% 0%
Sites in D state - 0 0 - 0 0 - L 2 - 2 2 - L L - 0 0 - - -
0% 0% 0% 0% 11% 22% 22% | 20% 100% | 100% 0% 0%
Maintain ) 9 9 ) 8 6 ) 6 6 ) 0 0 ) 0 3 . ) .
100% | 100% 89% 67% 67% | 60% 0% 0% 0% 75%
Improve 1 state - 0 0 - 0 L - L 2 - 0 0 - L 1 - - -
P N/A 0% 0% 0% 11% 11% | 20% 0% 0% 100% | 25%
Improve 2 states - 0 0 - 1 2 - 2 2 - 0 0 - 0 0 - - -
P 0% 0% 11% 22% 22% | 20% 0% 0% 0% 0%
Improve 3 states - 0 0 - 0 0 - 0 0 - L L - 0 0 - - -
P 0% | 0% 0% | 0% 0% | 0% 100% | 100% 0% | 0%
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Table54: Distribution of theMClattribute states of the monitored rivers within each river class, and a breakdown of the improvement required to meet the FWO

a a a a 0 a a bed o) a a ped 0) a ake ed 0 ea
Objective state No change © © B A
A state T
T
B state ] T T E
D state T T T T e
Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019
Sites in A state 3 3 5 0 1 0 4 3 2 8 9 4 1 1 1 0 0 0 0 0 0
50% | 50% 71% 0% 4% 0% 19% 9% 6% 40% | 31% | 15% | 50% | 50% | 50% 0% 0% 0% 0% 0% 0%
Sites in B state 2 2 1 12 9 9 5 4 7 11 19 20 1 1 1 3 3 1 1 1 1
33% | 33% 14% 57% | 35% | 31% 24% 13% | 21% | 55% | 66% | 77% | 50% | 50% | 50% | 60% | 60% | 20% | 20% | 20% | 33%
Sites in C state 1 1 0 2 5 9 5 11 7 1 1 2 0 0 0 2 1 4 1 2 0
17% 17% 0% 10% 19% | 31% 24% | 34% | 21% 5% 3% 8% 0% 0% 0% 40% | 20% | 80% | 20% | 40% 0%
Sites in D state 0 0 1 7 11 11 7 14 18 0 0 0 0 0 0 0 1 0 3 2 2
0% 0% 14% 33% | 42% | 38% 33% | 44% | 53% 0% 0% 0% 0% 0% 0% 0% 20% 0% 60% | 40% | 67%
Maintain 14 15 18 14 18 16 19 28 24 1 1 1 5 4 5 2 3 1
67% | 58% | 62% 67% | 56% | 47% | 95% | 97% | 92% | 50% | 50% | 50% | 100% | 80% | 100% | 40% | 60% | 33%
Improve 1 state 7 11 11 7 14 18 1 1 2 1 1 1 0 1 0 3 2 2
P N/A 33% | 42% | 38% 33% | 44% | 53% 5% 3% 8% 50% | 50% | 50% 0% 20% 0% 60% | 40% | 67%
Improve 2 states 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Improve 3 states 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
P 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
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Table55: Distribution of thelBl attribute states of the monitored rivers within each river class.

d a d O a ped O d a ped O a aKe ed D 0 ed
Objective state N/A N/A N/A N/A N/A N/A N/A
28 B8 &
= = =
D state
Baseline year 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019
Sites in A state 0 0 0 0 4 0 0 2 3 0 2 1 0 1 1 ) 1 1 0 0 )
0% 0% 0% 0% 21% 0% 0% 10% 33% 0% 2% 50% 0% 100% | 100% 100% | 100% ] 0% 0%
Sites in B state 0 1 0 0 10 4 2 11 5 1 3 1 1 0 0 ) 0 0 0 1 )
0% 25% 0% 0% 53% 50% 50% 55% 56% | 100% | 43% 50% | 100% 0% 0% 0% 0% 0% | 100%
Sites in C state 1 1 1 3 5 2 2 5 1 0 1 0 0 0 0 ) 0 0 1 0 )
100% | 25% | 100% | 100% | 26% 25% 50% 25% 11% 0% 14% 0% 0% 0% 0% 0% 0% | 100% | 0%
Sites in D state 0 2 0 0 0 2 0 2 0 0 1 0 0 0 0 ) 0 0 0 0 )
0% 50% 0% 0% 0% 25% 0% 10% 0% 0% 14% 0% 0% 0% 0% 0% 0% 0% 0%
Maintain
Improve 1 state
N/A

Improve 2 states

Improve 3 states
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7 Lakesesults

7.1 Key message®r lakes
7.1.1 Regionalscalepatterns for l&kes

i The two most obvious spatial patternsfor lake condition at the regional scalare
associated with different levels of land developmentg(, natural state versus land
developed for human rural and urban uses) and differences betwegimduiuntry and
lowland parts of the region. Both of these patterns are reflected in differences between
FMUs and lake classes as discussed further below.

7.1.2 FMU scale patterns for lakes

1 The only obvious pattern in lake conditiorentifiable at FMU leveis the distinct
difference between the Fiordlandand Islands FMWwhich is more or less entirely in
natural state) and the other four FMi¢Waiau, Apariman NJarid Mataurathat have all
been substantially developed for human uses over the |BS0 years particularly in
lowland and undulating hill areas but also parts of thghtgountry.

1 The distinction ohigh enviromental quality in thEiordland and IslandsMU is largely an
assumed situation becaus$ew lakes are monitored in that FMU. However thstithction
is observablghroughthe example of higher quality state in th@wlandShallowLakes
Sheila and Calder (both ore@art Island/Rakiura) compared to Lowland Shallow Lakes
the other FMUs (e.gTable56 and Table57).

1 Thedataavailablefrom relatively few monitored lakedo notallow identification of any
other distinct differences in condition between the other four developed FMUsre are
certainlylakes in different conditions in these FMUs but ttega availableindicatethisis
due to the type of lake (shallow, deeq, brackish, and development pressas(upland
and lowland)in particular catchments rather thaany differenceattributable between
those four FMUs.

7.1.3 Class scale patterns for lakes

1 There are clear patterns of different lake conditions between the lake clasgbthis is
not surprising given the classes were deliberately defined to help differentdéeant
lake types Thedifferences between lake classes vary by attribute and thezefore
described under the attribute topic headings below

1 The very small number of lakes monitored in each class (and noting not even dadingle
is monitored in theUpland Shdbw Lakeclas$ means the differencebetween classes
cannot be rigorousliytested statistcdly. Nonethelessin general themonitoring data
differencesobservedn this report, combined with the justification based on physiakat
characteristicfNorton and Wilson 209), supportghe use of theproposedlake classes
for the resourcemanagement planning process going forward at this time.

7.1.4 Phytoplankton and trophic state (TLI)

1 For phytoplankton (chlorophyd) there is a clear pattern of lower concentratioimsthe
Deep (and Natural State) lakest@d+band) comparedo higher (worse) concentrations
in the Lowland Shallow lakes and Brackish Lakes and Lagicade56 and Table65).

Pagel00



1

7.1.5

7.1.6

For the Lowland Shallow lakés the 2019 baseline perig@ sites met the draft FWO (B
band), 2 sitesverein C band and 2 sitdailed national bottom lines (D bandYable65).
Both Lake George (Uruwera) and The Reservoir failed the FWO, being Gitzaiedi and
Dband respectively for the 2019 baswdiperiod Table56). For the three years presented
the Lowland Shallow lakes meeting the dRYO (B band) were Lakes Vincent, Sheila and
Calder (the lattetwo beingNatural State class lakes on Stewart Island/Ralaaraell as
being Lowland Shallow lakes

For the monitored Brackish Lakes and Lagoons for the 2019 baseline [fesibels met

the draft FWQO(B band)or better and 5 sites failed by being in C bamdkle65). The
Brackish Lakes and Lagoons meeting the draft FWO (B band) included Lake Brunton (A
band)while Waituna Lagoon failed the draft FWO by being graded C band in both closed
and open states fosome sites inthe 2019 baseline perio€Table56). It is importantto
consider the objectives for intermittently open and closed Brackish Lakes and Lagoons like
Waituna in the closed state because this is when they are most vulnettisi@oted that
Waituna Lagon has had somewumeric attribute targets recommended asapt of
separatetechnical advice and discussicasd it may be appropriateon that basisto set
different FWOs for Waituna separately and uniquetym the other lakes in the Brackish
Lakes and Lagoons clgesy. through the Whakamana te Waituna Trusiqess)

For the TLI score there was/ery similar patten as for phytoplankton describeabove

with A to A+ bands observed for Deep Lakedand for Lowland Shallow Lakes and a mix
of B and C band for Brackish lakes and Lagddosiraft FWQ@vassuggestedor TLI score

by Norton and Wilson (2019)ut they proposed thatdraft bandsbe setonce current
state analysis had been undertakdine results in this report can now be used to suggest
a minimum draft=~WOfor TLIscoreand this is done later ithis reportin section9.

While some sites meet draft FWOs for phytoplankton and, Thprovement will be
needed to meetFWOsat all lakesites in future. A part ofthis improvementis likely to
require reductions in nutrients and potentially also other mitigat actions(discussed
further below)

Nutrients

For total nitrogen (TN) and total phosphorus (TH&Ye is a clear and very similar pattern
to that described hove for phytoplankton and TLIThe results shovgenerally low
nutrients in the Deep (and Natural Statikes (A to A+ band) compared to higher
nutrients in the Lowland Shallow and Brackish Lakes and Lagwsibinghe latter two
classes showingpproximatdy 90% of sites in thCbandfor TP andapproximately90%

of sites betweerGD grades for TNI'able67 and Table68).

The situation is particularly poor for TN in Waituna Lagoon during times when it is in a
closed state (D bandgimilarly for the 2016 baseline period Lake Vincent washand
althoughthis improved to C band imkeVincent for the 2019 baseline perio@igble57).

Improvement will be needed tboth TN and THn order to meetall draft FWOs in future.
Toxicantsand dissolved oxygen

While the concentratios of nitrate and ammonia are observably higher in Lowland
Shallav lakes and Brackish Lakes and Lagoons compared to very low concentrations in

Deep (and Natural State) lakethey are not high enough to cause significant toxicity
isaues and currently meet the draft FWOs in all ca3edble69 and Table70). The FWO
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7.1.7

7.1.8

7.1.9

7.1.10

for nitrate toxicity in particular is to some extent redundant because the concentrations
needed to achievethe TN, phytoplankton and TLI objectives described above are
considerablyower, as was also the case described for rivesettion6.3.3

Dissolve oxygen (lake bottom) has only been measured in a few Lowland Shallow lakes
and Brackishdkes and Lagows (Table59) and has been in A or B band in all cases to date.
Dissolved oxygen is not currently thought to be an issugther lake types in Southland

and there is currently no draft FWO propoded dissolved oxygen.

E.coliand cyanobacterigplanktonic)

E. colhas generally met FWOs (A band) in Deep (and Natural State) lakes but has failed
some Lowland Shallow le& (D band in Lake George (Uruwera)) and Brackish Lakes and
Lagoors (D band in Waia(fe Waewae).agoon; B band in Waituna Lagoon when in a
closed state){able60and Table76).

Cyanobacteria (planktonic) has been A band in all cases except for Waituna Lagoon which
was graded C bandhen sampledin a closed stateluring a year when darge bloom
occurred(Table60). No draft FWQvasset for cyanobacteriy Norton and Wilson (2019)

but they proposed thatdraft bands be setonce current state analysihad been
undertaken The results in this report can now be used to suggest a minimum draft FWO
for cyanobacteria (planktoni@nd this is done later in this repoih section9.

Macrophytes

Macrophytes (% covestate is highly variable amssdifferent lake types, with A band
recorded in some Lowland Shallow Lakexké¢ Vincent) and C band in others (e.g., Lake
George (Uruweragnd even in Lowland Shallow (Natural State) lakes has recorded C band
(Lake @lder) and B band (Lake Sheildafle63). D band was recorded in Lake Brunton.

LakeSPdcore is also variable across different lake types, witb 8 bands recorded and
no sites in D ban@able61 and Table72).

No draft FWO bands were set feither macrophytes (% cover) or LakeSPI score by Norton
and Wilson (2019)ut they proposed thatraft bandsbe setonce current stateanalysis
had been undertakenThe results in this report can now be used to suggest a minimum
draft FWO for macrophytesnd L&eSPI scorand this is done later igection9.

Fish

Some fish datas available for both native and introduced pest fish in some |lakablé
64) and could be used to help develop a narrative FWO for fistkésldNo draft numeric
FWO for fish is proposed for lakes.

Summary messages

Nutrients, particularlytotal nitrogen (TN)but also total phosphaus (TP) are the key
contaminants contribuhg to many of the failures to meet draft FW@sr lakeslisted
above particularlyin Lowland Shallow Lakesd Brackish Lakes and LagaoNstably
nutrients contribute tofailures to meetphytoplankton (chloropill a) draft FWOs
probably lower band grades for TLI and possibly also rmacrophyte cover and
occasiondy observedcyanobacteria (planktonjcblooms. Otheiknown factorssuch as
lake flow regimesnd levelsthe quality of marginaletlands invasivemacrophytes pest
fish speciesand possibly also climate effectway allalso contributein some places and
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times to lower band gradegor lake ecosystem healthattributes, notwithstanding that
these noncontaminant related factordiave not been quantitatively assessed in this
report.

Faecal microorganism contamination (e Goli) is a key contaminaraffecting the value
of human health for recreatioand caused failure of draft FVEQor this attributein some

Lowland Shalloiakes ad Brackish Lakes and Lagodihile Deep and Uplan8hallow
lakes are generally bett@ndlikelyto meet FWOs in most @testhere are probablgmall

scalelocalised issueim some places

Lake water quality igeneraly@S NE 3I22R Ay { 2Nkl Staty Rkest

Managing any potential for increases to nutriergedimentand/or faecal microorganism
contamination (e.g.E.col) will be akey part of maintaimg that high state.
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7.2 Individual lake results

Table56: Phytoplankton(chlorophyll a)and TLktate for monitored lakes, and a breakdown of theercentageimprovement required to meet the FWO.

Phytoplankton

Upland Shallow Lake NA NA A NA NA NA NA
Lowland Shallow Lake Aparima Lake George B B D 0 0 0 72 C 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 C C
Brackish Lake or Lagoon | Waiau Waiau(Te Waevae) Lagoon B ND | C ND | O ND | 4 NA ND| C
NA
Brackish Lake or Lagoon | Mataura Waituna Lagoorr CLOSED B D C C 0 0 0 79 | 11 | 32 C C C
Brackish Lake or Lagoon | Mataura Waituna Lagoorr OPEN B IND| C CIND| O 0 ND | O 7 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 Shallowake FETelEE Lake Sheila B A 0 0 A
and Islands
Lowland Shallow Lake | T 0rd!and Lake Caldeér B | A ND 0 ND 0 ND A NA NA
and Islands
Brackish Lake or Lagoon | Mataura Lake Brunton B A 0 0 B

Table footnotes1 =Data from Schallenberg and Kelly (2012) Ecological condition of six shallow Southland lakes. This is an indicative statbd&adsedn the report, the minimum statistical
requirement has not been met.
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Table57: Total Phosphorus (TP) and Total Nitrogen (Eite for monitored lakes.

Total Phosphorus

Total Nitrogen

Upland Shallow Lake NA NA NA NA

Lowland Shallow Lake Aparima Lake George C © © C

Lowland Shallow Lake Mataura Lake Vincent C © D C

Lowland Shallow Lake Mataura The Reservoir C © @ C

Brackish Lake or Lagoon | Waiau Waiau(Te Waewae) agoon NA ND| C NA NA ND| C NA

Brackish Lake or Lagoon | Mataura Waituna Lagoorr CLOSED © C © D D D

Brackish Lake or Lagoon | Mataura Waituna Lagoorr OPEN ND | C C ND| C C

Deep Lak (Natural State) | Waiau Lake Te Anau A+ | ND | A+ A+ | ND | A

Deep Lak (Natural State) | Waiau Lake Manapouri A+ | ND | A+ A+ [ ND| A

LowlandShallow Lake PR Lake Sheila A A
and Islands

Lowland Shallow Lake | Fordiand 1) ave caider A| ND NA A| ND NA
and Islands

Brackish Lake or Lagoon | Mataura Lake Brunton © C

Table footnotes: 1 Bata from Schallenberg and Kelly (2012) Ecological condition of six shallow Southland lakes. This is an indicative statbdadsea in the report, the minimum statistical

requirement has not been met.
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Table58: Nitrate toxicity and ammonia toxicitystate for monitored lakes, and a breakdown of theercentageimprovement required to meet the FWO.

Nitrate Ammonia
2@ yS »@ YySSF
(95" %ile) (maximum)
Upland Shallow &ke NA NA NA B NA NA NA
Lowland Shallow Lake Aparima Lake George A A C A A 0 0 0 0
Lowland Shallow Lake Mataura Lake Vincent A A C 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(Te Waewae) agoon NA ND | A NA NA C A B ND| O ND| O
Brackish Lake or Lagoon | Mataura Waituna Lagoorr CLOSED B B B C B A B 0 0 0 0 0 0
Brackish Lake or Lagoon | Mataura Waituna Lagoorr OPEN ND| B © C|IND| B B [ND| O 0 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 0O | ND| O O | ND| O
Lowland Shallow Lake PR Lake Sheila A C A 0 0

and Islands
Lowland Shallow Lake | Fiordiand Lake Caldér A ND NA NA cl|a ND 0 ND 0 ND

and Islands
Brackish Lake or Lagoon | Mataura Lake Bruntoh A C A 0 0

Table footnotes: 1 Bata from Schallenberg and Kelly (2012) Ecological condition of six shallow Southland lakes. This is an indicative statbdadsea in the report, the minimum statistica
requirement has not been met.
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Table59: Dissolveal oxygen (lake bottom and midhypolimnetic) state for monitored lakes.

2@ ySSF
(minimum)
Upland Shallow Lake NA NA NA NA
Lowland Shallow Lake Aparima Lake George A A
Lowland Shallow Lake Mataura Lake Vincent A
Lowland Shallow Lake Mataura The Reservoir A B
NA | NA | NA
Brackish Lake or Lagoon | Waiau Waiau(Te Waewae) agoon NA ND| B NA NA NA
Brackish Lake or Lagoon | Mataura Waituna Lagoorr CLOSED A A A
Brackish Lake or Lagoon | Mataura Waituna Lagoonr OPEN ND | B A
Deep Lake (Natural State)| Waiau Lake Te Anau ND | ND | ND
Deep Lake (Natural State)| Waiau Lake Manapouri ND | ND | ND ND
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Table60: E. coliand cyanobacteria (planktonic3tate for the monitored lakes, and a breakdown of thgercentageimprovement required to meet the
FWO.

Cyanobacteria

@needed : ] & ] 2@ ySSF
(95" %ile) (maximum)

| |20 ae[a0] a0
NA

Upland Shallow Lake NA NA A 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
. . Waiau(Te
Brackish Lake or Lagoon Waiau B D 56 0 0 0 | NA A
Waewae)Lagoon ND | ND NA
. Waituna Lagoon
Brackish Lake or Lagoon Mataura CLOSED B B 0 0 0 0 C
Brackish Lake or Lagoon Mataura Waituna Lagoon 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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Table61; LakeSPI Score fononitored lakes.

LakeSPI Scote
2@ ySSE

(LakeSPI Score]

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(Te Waewae) ND
Lagoon
Brackish Lake or Lagoon | Mataura Waituna Lagoon NA 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
Deep Lake (Natural State) ASTelEe) 6 Lake Hauroko B B
Islands

Table footnotes: 1 Bata sourced from NIWA Lake Submerged Plant Indicators Datditgsse/(lakespi.niwa.co.nzy
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Table62: LakeSP(Native Condition Index) antlakeSP{Invasive Impact Indexfjor monitored lakes.

LakeSPI Native Condition Index Lake SPI Invasive Impact Index

@ y33% 2@ ySSE

(Native Index) (Invasive Index)
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

Waiau(Te Waewae)

Brackish Lake or Lagoon | Waiau ND ND
Lagoon

Brackish Lake or Lagoon | Mataura Waituna Lagoon NA ND | ND NA NA 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 AR Lake Hauroko © C B B

Islands

Table footnotes: 1 Bata sourced from NIWA Lake Submerged Plant Indicators Datditfse/(lakespi.niwa.co.nzy
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Table63: Macrophyte Cove(% cover)state for monitored lakes.

Upland Shallow Lake NA NA ND | ND
Lowland Shallow Lake Aparima Lake George © C
Lowland Shallow Lake Mataura LakeVincent " A A
Lowland Shallow Lake Mataura The Reservoir NA Cc C

Waiau(Te Waewae)

Brackish Lake or Lagoon | Waiau Lagoon C |ND| A NA
Brackish Lake or Lagoon | Mataura Waituna Lagooh B B B

Brackish Lake or Lagoon | Mataura Lake Brunton D D D
LowlandShallow Lake Fiordland Lake Sheia B

(Natural State) and Islands ND

Lowland Shallow Lake Fiordland Lake Calder c

(Natural State) and Islands

Lowland Shallow Lake Oreti Lake Murihiku ND| C | ND

Table footnotes: 1 ¥aituna Lagoon macrophyte staitebased on average % cover rather than weighted % cover. These will need to be updated at a later date, however tHg aosege
provides an indicative state2 = Data from Schallenberg and Kelly (2012) Ecological condition of six shallow Souk@andts is an indicative state based on the data in the report, the
minimum statistical requirement has not been met.
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Table64: Fish presencénative and introduced speciesh monitored lakes.

State2013

Perch Trout

(Introduced) | (Introduced) Longfin Eel | Shortfin Eel Inanga Narrative Staté

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 NA No No Yes Yes Yes No B
Lowland Shallow Lake Mataura Lake Vincent Yes No Yes Yes Yes No C
Lowland Shallow Lake Fiordland .

(Natural State) and Islands Lake Sheila No No Yes No Yes Yes A
Lowland Shallow Lake Oreti Lake Murihiku Yes No Yes Yes No No D

Table footnotes1 =An appropriate narrative state needs be developed for Southland the current assessment was based on the Greater Wellington Fish narrative attribute taking into
consideration invasive species and important species to protect e.g. Giant Kokopu and Inanga

2 =Data fromHicks (2013) Fish surveys in rgadeable systemsral Schallenberg and Kelly (2012) Ecological condition of six shallow Southlandltakesta reported here is indicative of
the fish community at these two time periods.
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7.3 Lake tassresults

Table65: Distribution of Phytoplankton (chlorophyll aytates of the monitored lakes within each lake class, and a breakdown of the improvement required
to meet the FWO

Natural State Lakes Upland Shallow Lakes Lowland Shallow Lakes Brackish Lakes & Lakes Deep Lakes
Objective state No change

B attribute State

C Attribute State

Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites in A+ state 0 4 0 0 0 0 0 0 4
(80%) (80%)
o 7 1 1 1 2 5 1
Sites in A state 0 0
(100%) (20%) (20%) (10%) (18%) | (100%) (20%)
Sites in B state 0 ND 0 ND ND 4 2 1 4 4 0 ND 0
(66%) (33%) (20%) (50%) (36%)
Sites in C state 0 0 0 2 2 3 > 0 0
(33%) (40%) (40%) (45%)
Sites in D state 0 0 2 2 1 0 0 0 0
(33%) (33%) (20%)
Maintain Note: the deep gladial lakes are 4 2 2 5 6 5 5
reported in both natural state
Improve 1state 0 2 2 3 5 0 0
P and deep fakes.. in 2010 NA ND ND
natural state also includes Lake
Improve 2 states ) 2 2 1 0 0 0 0
Sheilo and Calder on Stewart
Improve 3 states Island 0 0 0 0 0 0 0
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Table66: Distribution of theTrophic Level Index (TLI8)ates of the monitored lakes within each lake class.

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

Objective state NA NA NA

A+ attribute State

B attribute State

C Attribute State

Baseline year
Sites in A+ state 4 > 0 0 0 0 0 4 >
(57%) (100%) (80%) (100%)
Sites in A state 3 0 0 0 0 0 0 1 0
(43%) (20%)
Sites in B state 0 ND 0 ND ND 0 0 1 3 4 0 ND 0
(20%) (37%) (37%)
Sites in C state 0 0 6 6 4 > / 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 are
reported in both natural state
Improve 1state
and deep p'akesj, In 2010 NA NA NA NA
Improve 2 states natural state also incdudes Lake
Sheila and Calder on Stewart
Improve 3 states Island
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Table67: Distribution of theTotal Phosphorus (TR}ates of the monitored lakes within each lake class

Class
Objective state

Natural State Lakes

No change

Upland Shallow Lakes

NA

Lowland Shallow Lakes

NA

Brackish Lakes & Lakes

NA

Deep Lakes

NA

B attribute State

C Attribute State

A* attribute State I i ' | | | | i I

Improve 2 states

Improve 3 states

natural state also includes Lake
Sheila and Calder on Stewart
Island

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 4 >
(72%) (100%) (80%) (100%)
Sites in A state 2 0 0 0 0 0 0 . 0
(28%) (20%)
Sites in Bstate 0 ND 0 ND ND 0 ! 0 1 2 0 ND 0
(17%) (12%) | (18%)
Sites in Cstate 0 0 6 > > / ? 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 are
| 1 reported in both natural stote
mprove 1 state
p and deep lakes. In 2010 NA NA NA NA
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Table68: Distribution of the Total Nitrogen (TN¥tates of the monitored lakes within each lake class

Objective state

Natural State Lakes
No change

Upland Shallow Lakes

NA

Lowland Shallow Lakes

NA

Brackish Lakes & Lakes

NA

Deep Lakes
NA

A attribute State

B attribute State

C Attribute State

Improve 2 states

Improve 3 states

natural state also includes Lake
Sheila and Calder on Stewart
Istand

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%)
Sites in A state 2 > 0 0 0 0 0 0 >
(28%) (100%) (100%)
Sites in B state 0 ND 0 ND ND 1 0 0 2 1 0 ND 0
(17%) (25%) | (10%)
Sites in C state 0 0 3 6 2 2 > 0 0
(50%) | (100%) | (40%) (25%) | (45%)
Sites in D state 0 0 2 0 3 4 > 0 0
(33%) (60%) (50%) | (45%)
Maintain Note: the deep glacial lakes are
| 1 reported in both notural state
mprove 1 state
P and deep lakes. In 2010 NA NA NA NA

Table footnotes: 1 Fhe data for brackish lakes and lagoon is spread across the B to D bandings. The higher bandings, in general, ar®\ia@tateal tagoon under conditionshere it is

open to the sea.
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Table69: Distribution of theNitrate toxicity states of the monitored lakes within each lake class

Natural State Lakes

Upland Shallow Lakes

Lowland Shallow Lakes

Brackish Lakes & Lakes

Deep Lakes

Objectivestate | o Nochange o |  wna |  wn o ] o na o | o Na |

B attribute State

C Attribute State

Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
L 7 5 6 6 1 5 10 5 5
Sites in A state
(100%) (100%) (100%) | (100%) | (20%) (63%) (91%) | (100%) (100%)
Sites in B state 0 0 0 0 Sg% 373% 915 0 0
ND ND ND ( ) ( ) (9%) ND
Sites in C state 0 0 0 0 0 0 0 0 0
Sites inD state 0 0 0 0 0 0 0 0 0
Maintain Note: the deep glacial lakes are
reported in both natural state
Improve 1state and deep lakes. In 2010 NA NA NA NA
Improve 2 states natural state also includes Lake
Sheila and Calder on Stewart
Improve 3 states Island
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Table70: Distribution of the Ammonia toxicity states of the monitoredlakes within each lake class, and a breakdown of the improvement required to

meet the FWO.

Class

Natural State Lakes

Upland Shallow Lakes

Deep Lakes

Objective state No change B B
A attribute State ® o P ® . ® °® ®
B attribute State
C Attribute State
Baseline year 2010 2016 2019 2010 | 2016 | 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites in A state / 3 & 6 1 > / > >
(100%) (100%) (100%) | (100%) | (20%) (63%) (64%) | (100%) (100%)
Sites in B state 0 0 0 0 ( 4 ) (3?3%) (3;'%) 0 0
ND ND 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
Maintain Note: the deep glacial lakes are 6 6 5 3 11 5 5
reported in both natural state
Improve 1 state 0 ] 0 ] 0 0 0
and deep p‘ake:'?. In 2010 NA NA NA
Improve 2 states natural state also includes Lake 0 0 0 0 0 0 0
Sheila and Calder on Stewart
Improve 3 states Island 0 0 0 0 0 0 0

Table footnotes: 1 &lote theA band for this attribute is <0.0#nd thereforeisvery smalcompared to the other bandShere is a white gagbove the Aand to allow for theA band attribute
label. This should not be filled iotue because this would represent a negati@ncentrationvalue.
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Table71: Distribution of theDissolved oxygen (lake bottorh¥tates of the monitoredakes within each lake class

Brackish Lakes & Lakes

Objective state No change NA NA NA NA
A attribute State | s '
s ¢
] o o l !
[ ]
[ ]
B attribute State |
C Attribute State
D Attribute State -
Baselineyear | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 | 2016 | 2019 [ 2010 | 2016 [ 2019
Sites in A state 6 > / 4
(100%) | (80%) (87%) | (80%)
Sites in B state 0 201% 131% 201%
ND ND ND ( ) ND ( L1 ( ) ND
Sites in C state 0 0 0 0
Sitesin D state 0 0 0 0
Maintain
Improve 1state
NA NA NA NA NA
Improve 2 states
Improve 3 states

Table footnotes: 1 Note the D band for this attribute is <0.5 and theref@sgery smaltcompared to the other bandsThere is a white gap below the D band to allow for the D band attribute
label. This should not be filled red because this would represent a negative oxygen value
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Table72; Distribution of theLakeSPI| Scogates of the monitored lakes within each lake class

C Attribute State

a e e Upland Shallow Lakes Lowland Shallow Lakes Brackish Lakes & Lakes Deep Lakes

Objective state No change NA NA NA NA

A+ attribute State [
A attribute State

: | °

B Attribute State | e L
o

i ® ®

[ ] L

Improve 2 states

Improve 3 states

natural state also indudes Lake
Sheila and Calder on Stewart
Island

Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
1
itesin AT 0 0 0 0
Sitesin A" state (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%)
Sites in C state 1 2 0 1 2
(33%) (67%) (20%) (67%)
Sitesin D state 0 0 0 0 0
Maintain Note: the deep glacial lakes are
| 1 reported in both natural state
mprove 1state
and deep lakes. In 2010 NA NA NA NA
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Table73: Distribution of theLakeSPI (Native Condition Indestates of the monitored lakes within each lake class

Objective state

Upland Shallow Lakes

No change NA NA NA NA
_ d ®
A attribute State
1 o
B attribute State
7 ®
3 {
s ° s °
7 8 ]
C Attribute State ® ®

Improve 2 states

Improve 3 states

natural state also includes Lake
Sheila and Calder on Stewart
Island

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 0 0 2 2 0
ND ND np RO \p ND (40%) ND
. 3 3 3 3
Sites in C state 0
(100%) | (100%) (60%) | (100%)
Sites in D state 0 0 0 0 0
Maintain Note: the deep glacial lakes are
| 1 reported in both natural state
mprove 1state )
and deep laokes. In 2010 NA NA NA NA
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Table74: Distribution of theLakeSPI (Invasive Impact Indestates of the monitored lakes within each lake class

Improve 2states

Improve 3states

natural state also includes Lake
Sheila and Calder on Stewart
Isiand

3 2 Upland Shallow Lakes Lowland Shallow Lakes Brackish Lakes & Lakes Deep Lakes
Objective state No change NA NA NA NA
A attribute State [
* ® ¢ ®
B attribute State ®
° ° * °
® ®
C Attribute State
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 ZU lu lu 2 lu
(671"’) (33;') ND ND ND (331’6) ND ND (4‘;%) (332"’) ND
Sitesin C stat
iesin L state {33%) {67%) {33%) (60%-) (67%)
Sites in D state 0 0 0 0 0
Maintain Note: the deep glacial lakes are
reported in both natural state
Improve 1state
p and deep lakes. In 2010 NA NA NA NA
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Table75: Distribution of theMacrophyte Cover (% covestates of the monitored lakes within each lake class

Natural State Lakes

Upland Shallow Lakes

Lowland Shallow Lakes

Brackish Lakes & Lakes

Deep Lakes

B attribute State

C Attribute State

Improve 2 states

Improve 3states

natural state also includes lake
Sheila and Calder on Stewart
Island

Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sitesin 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
Sitesin C state 1 1 , 3 2 1 0 0
(50%) (50%) | ('75%) | (67%) | (33%)
Sitesin D state 0 0 0 0 1 1 1
(33%) (33%) (33%)
Maintain Note: the deep glacial lakes are
| 1 reported in both natural state
mprove 1state
and deep lakes. In 2010 NA NA NA NA
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Table76: Distribution of theE. colistates of the monitored lakes within each lake clasand a breakdown ofhe improvement required to meet the FWO

pland Shallc Lowland Shallow Lakes 8 Deep Lakes
Objective state Nochange A B B A
A attribute State . : ! .
B attribute State
CAttribute State ]|
| ® [ ]
D Attribute State
[ ]
E Attribute State
Baseline year 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Sites in A state 2 2 2 > / 2 2 2
(100%) | (100%) | (100%) (80%) (64%) | (100%) | (100%) | (100%)
Sites in B state 0 0 0 0 1 0 0 0
(9%)
Sites in Cstate 0 0 0 ND ND ND 0 ND ND 0 0 0 0
o 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 are 5 q 2 2 2
reported in both natural state
Improve 1 state and deep lakes. In 2010 NA ND ND 0 ND ND 0 0 0 0
Improve 2 states natural state also includes Lake 1 3 0 0 0
Sheila and Calder on Stewart
Improve 3 states Island 0 0 0 0 0

Table footnotes: ENote: theE. colstate is determined by 4 statistics the graphs represents the relative position in the banding and has been scaled ta piswadeepresentation of state,
the state was determingon the poorest statistic.
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8 Estuaresand goen coastresults

8.1 Key messages for estuaries

8.1.1
1

8.1.2

8.1.3

Regionaland FMUscalepatterns for estuaries

The only dvious pattern at regional and FMU spatial scales is that related to natural state
versus developed catchment land udgeing at the bottom of catchmentaeans that
estuaries reflect thesum offlow and contaminarg from their catchmens. In this respect
there is a clear difference between thargely pristing=iordland and Islands FMU and the
other four developed FMUd®Differences between estuaries in theur developed FMUs

are relatedargelyto the type of estuary(i.e., its classthe extent ofdevelopmentin and
around estuary marginsand the level of contaminantgparticularly nutrients and
sediment)from the catchment.

Class scale patterns fastuaries

The three estuary classes differ in sensitititgontaminants frontheir catchments

) Tidal Lgoon Estuaried(f a2 OFff SR aaKlIff2g AYydSNIARIf
have a moderate to high susceptibility to nutrienExamples include dabs River,
New RiverHaldane, Waikawa and Freshwater Estuaries.

i) Tidal River Estuaries (alsocalted K f f 29 aK2 NI NBaARSyOS i
or SSRTRE) hawelow susceptibility to nutrients due to tirehigh river flushing
potential. Examplesnclude Toetoes (Fortrose) and Waimatuku Estuaries

iii) Fiords and Bays (also calldkeeperd dzo G A RF f R2 YA Yl (i )hRve $ & (i dzI NR
moderate to lowsusceptibility to nutrientsExamples includilford Sound and
Doubtful SoundIn Southland, estuarida the DSDElas are al alsoin the Natural
State class.

The different sensitivitiesan be seen to some extent in the monitoring results described
for each attribute béow. However it is noteworthyhat most of the estuary monitoring
effort is on TidalLagon (SIDE) and Tidal RiverRERBE) types that are either already
impacted or at risk of being impacted by land development,smthe monitoring results
reflect various degrees of development pressure as well as sensifiliy one notable
exceptionis the monitoring of Freshwater Estuary which is a near pristine Tidal Lagoon
(SIDEgstuary on Stewart Island/Rakiuaadis also in the Natural State clags might be
expected this estuary showsrery good condition (generally A band) across all the
attributes considered below.

Macroalgae and trophic (nutrientelated) state

For macroalgae, as measurbg the Ecological Quality RatinEQR index the results
clearlyshow a poor state for Jacobs River Estuary (D band), New River Estuary (D band)
and Toetoes (Fortrose) Estuary (C banahile Waikawa and Haldane Estuaries sheow
moderate to good statéTable77). Frehwater Estuary is naturrentlymonitored for EQ

but isassumed to be in @erygood (A band) state

Although only tweestuarieshave sufficient data fomacroalgaestate to be assessed for
each of the 3 baseline years, both estuaries show a dmtion in current (2019)
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8.1.4

macrogalae state since 201Rdw River Estry shifting from C to and and Toetoes
(Fortrose) Estuary from A to C band).

For Goss Eutrophic Zone (GE®hich is an index ad combination ohigh macroalgae
cover (>50%gand gross eutrophic sediment conditions with mud contgngéater than
25% and zero sediment oxygehe pattern of results is similar to macroalgae abowih
poor state for Jacobs River Estuary (D bamt)New River Estuary (D bandnd better
state forToetoes (FortroseB(band), Waikawa (A band) and Halda Estuaries (A band)
(Table 78). A reduction (deteioration) in GEZ state is evident in all of the estuaries
monitored except for Waikawa Estuary which remained inaAdobetween 2010 and
2016.

A reduction in nutrient inputs to Jacobs River and New River Estuaries would be needed
to avoid further deterioraibn and achieve C band or better consistenfiyreduction in
nutrient inputs to Fortrose Estuary would aldixely be neededto avoid further
deterioration despite showing a B banding dasdal River(SSRTREestuaries do not
generally express GEZ symptoms due to high flushing. The GEZ present in Fortrose
indicates nutrient concentrations are beyond the procegsiapacity of that system

Phytoplankton data is only available for New River estuary currethily showsor the
2019 state 4 sites in A band, 3 sites in B band and 1 site in O(Taini@89).

Muddiness sedimentationand sediment oxygen levels

For mud conten{% mud content in the sediment at a site) the results are spatially variable
across multiplesites withinan estuar as shown by both Jacobs River and New River
Estuaries having sites gradiedboth A+ band (<5% mud) and D band (>25% rfitab)le

79).

While some areas of mud may ocawaturallyin estuariesat times it is suggestedhat

omud extent (i.e. the areal extent of muddinegghat is thearea with greater than 25%

mud content)would beat least maintaied and preferably reducgthrough timewhere

it has increasedince the earliest available monitoring assessmé&ht attribute table for

a4 YdzR Sdhawsiy Appendix suggesta pass/failguidelinetest where maintaining

or improvingmud extent compared to earliest monitoring data constitute®#aJ- a a Q 6 KA f
increasing mud extent constit®ta I . Ra&sditsfok €sfarieswith data available are

shown inTable91. Both New River Estuary and Fortrose Estuary failed for all three time
periods2010, 2016 and 2019acobs River Estuary failed in 2010 but has passed in 2016

ad 2019.Haldane Estaury failefi Hnmc o0dzi O2dzZ RyQiu o©6S RSGSNY
Waikawa EstaryLJr 88 SR AY Hamn YR Hnanmc odzi O2dzZ Ry Qi

For sedimentation rate the limited monitoring resuisggest that sedimentation rate is
problematic for New River estuary. This attribute has no proposed bottom line so further
thought may beneeded for its application asmaattribute. Literature guidelines suggest
that sedimentation rates shouldvhere possiblebe less than 2mm/yeagreater than the
natural state rateto ensureadverse effects are avoided estuary bed communitiesud

as shellfish.

For sedimentation ratehte proposedFWOis based onconductinga long termtrend

analysidor high mud content sitegyfeater than 25% mud contentjith at least 5 years
of sedimentation ratedata, to determineif the slopeis statisticallysignificantly greater
than 2mmiear (above natural state rate)at a 90% confidence leyelhich would
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constitute failure of the FW@see sedimentation ratattribute table in Appendix 4)Of

six muddy sites with sufficient data toundertake such an analigs two sites failed,

showing sedimentation rates considerably greater than 2 mm/y@able90). Thosesites

wereon the New River Estua(Waihopai Central 295% confidenceedimentation rate

24-38 mm/year; and Waihopai Upper sitel3-23 mm/yea). One site in Jacobs River

Estary (Sie C) showed indeterminate trendSheremaining sitesshowed WLJ 84 Q 6 A (i
sadimentationrates below the threshold.

1 For sediment oxygen levels (as measured by aRD@sults are spatially variabkéthin
estuaries, in a similar way (and related) to mud content as described abhigis seen
by both Jacobs River and New River Estudnésséng sites gradeh both A band and D
band [Table80). Some sites in C and D band have also been recorded in other estuaries
(e.g., Toetoes (Fortroseilaldane, Waikawa and Waimatukstuarie¥(Table80).

9 dHgnificant reductiols in catchment sediment loads is likely to be necesstoy Jacobs
River and New River Estuaries in pafacuto consistently achieve muddiness,
sedimentation and sathent oxygen levels above D baie. C band or better).

8.1.5 Toxicantmetals

1 For mosttoxicant metals irestuarine and coastaledimensthe results show a generally
good state (A or B band) all estuaries monitored (ArsenfCable81); Cadmium Table
82); Chromium Table83); Copper Table84); Lead Table85) and Mercury Table86)).

1 Results for ZincT@ble88) showed one siten C band for New River Estuary only.

1 Results for NickdlTable87) showed one site in C bamehd onein D bandfor New River
Estuary only.

1 These results suggest toxicant metadsestuary and coastal sediments are likelybm®
from particular localised sourdsg.g., industrial activities, wastewater discharges, landfill
leachateetc) and could potentially be narrowly targetémremediate those sources.

8.1.6 Habitat

I Assessingeagrass coverage in estuaries is based on chamdbe area of coverage
compared to a baselineso a baselindirst needs to bedetermined There are historical
monitoring assessments in Southland that could be considered but currently this attribute
is proposed to be included as part of a narrative rathnamnt as a numeric FWO.

I Assessingatmarsh coverage in estuariesailsobased on changim the area of coverage
compared to abaseline,so a baseline needs to be established. There are historical
monitoring assessments Suthlandthat could beconsidered(see Ward and Roberts
2020)but aurrently thisattribute is proposedo be included as part ad nariative rather
thanasa numeric FWO

8.1.7 E.coliandenterococci

1 Monitoring to indicate faecal contamination has includedcolithe nationally peferred
indicator for freshwaterTable92 and Table93) and Enterococdthe nationally preferred
indicator for marine watersyable94 and Table95). It is notable that the results for the
two indicators do notalwaysgive the same grade for common sitésr reasons that are
not entirely explainableA plausible reasomay bedue to faster dieoff ratesof E. coli
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known to occur in saline waters, which is one of the reasons Enterococci is the nationally
preferred indicator for marine waters.

1 Notwithstanding the uncertainty described above the results show that severalasites
graded D bangdparticularly at sites in Jacobs Ristuaryand New River Estugrbut also
at several sitesn the open coast (e.gBluff Harbour at Ocean Beaahd Monkey Island
at Frentz Rd).

8.1.8 Summary messages

1 New River Estuary, Jacobs River bBgtaad ToetoegFortrose) Estuary are all currently
receiving nutrient and sediment inputs beyond their assimilative capadihey are
showing signs of eutrophication and expansive degraded areaimndasted by areas
currentlyin D band state for macrégae (EQR)Gross Eutrophic Zone (GEZ), mud content
and extent,and sediment oxygerevels (aRPD). A reduction ritrient and sediment
inputs would be needed to improve all these attributes above D band at allisitbese
estuaries.

1 WaikawaEstuaryand Haldahe Estuaryare in moderate to good ecosystem health state
but would likely be sensitiveotany increase in nutrientand/or sediment input.

I Faecal microorganism contaminaticas(indicated by botk .colandenterococcjis a key
contaminantaffecting the value of human health for recreationestuaries and the open
coast and caused band grades at some sitdgeducedaecal contaminéon would be
needed to achieve at least C band or better at all estaay open coast sites.

i Estuaries inthe Natural State class, including all those in the Fiordland and Islands FMU
(which includes all the Fiords and Bays (DSDE) class of estuaries), are assumed to be in
excellent condition despite them not being monitored.

1 Thedraft FWG suggested byorton and Wilson (2019ncludedall the above attributes
for estuariesexcept that sediment oxygen(measuredas aRPD is a new addition
suggested hereNorton and Wilson (2019jid not suggest which state band should be
chosenas the FWJor each attribute becaus@one could be inferred from previous
regional plan decisionghe results in this report canow be used to suggest minimum
draft FWOband statesbased on current statéor all the above attributesthese are
provided insection9.
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8.2 Estuary results tables

Table77: Macroalgaestate (asmeasured by the EQR indefdr monitored estuarieswithin eachestuaryclass.

FMU

Fiordland and Islands

Aparima

Oreti

Mataura

Class

Objective state

SIDE

Freshwater Estuary

SIDE

Jacobs River Estuary

SIDE

New River Estuary

SIDE
Waikawa Estuary I

SIDE

Haldane Estuary

SSRTRE

I Fortrose Estuary

1
09
cs
o7
06
13
04
03
02
01

0

EQR Band

Baseline year

2010 2016 2019

2010 2016 2019

2010 2016 2019

2010 2016 2019

2010

2016

2019

2010 2016 2019

ND | ND | ND

ND|D|D

C|D|D

A|B|ND

A

A

ND

Al c|c
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Table78: Gross Eutrophic Zone (GEZate for monitored estuaries within each estuary class

Awarua Bay
Estuary

Bluff Harbour

Fortrose Estuary

Freshwater

Jacobs River

B attribute
state

Estuary Haldane Estuary Estuary New River Estuary Waikawa Estuary
Tidal L Tidal L Tidal L
Class : ?SlDagoon : ?SlDagoon Tidal River§SRTRH  Natural state | Tidal LagoonSIDE : ?Slsgoon Tidal LagoonSIDE Tidal LagoonSIDE
Objective NA NA NA NA NA NA NA NA
state
Baseli
?Z:”e 2010 2016 2019|2010 2016 2019| 2010 2016 2019| 2010 2016 2019| 2010 2016 2019|2010 2016 2019| 2010 | 2016 | 2019 | 2010 | 2016 | 2019

C attribute
state
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Table79: Mud content (% mucdht each site)state for monitored estuaries within each estuary class
Note that numbers indicate the number of sites within an estuary

Awarua Bay

Freshwater

Jacobs River

Estuary

Bluff Harbour

Fortrose Estuary

B attribute
state

Estuary Haldane Estuary Estuary New River Estuary Waikawa Estuary
Tidal L Tidal L Tidal L
Class : ?SlDagoon : ?SlDagoon TidalRiver 6SRTRH  Natural state | Tidal LagoonSIDE : ?SIDagoon Tidal LagoonSIDE Tidal LagoonSIDE
Objective NA NA NA NA NA NA NA NA
state
Baseli
?Z:”e 2010 2016 2019|2010 2016 2019| 2010 2016 2019 2010 2016 2019| 2010 2016 2019|2010 2016 2019| 2010 | 2016 | 2019 | 2010 | 2016 | 2019

C attribute
state
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Table80: Sedimentoxygen levelas measured byaRPDX¥tate for monitored estuaries within each estuary class.

Note that numbers indicate the number of sites within an estuary

Awarua Bay

Estuary

Bluff Harbour

Fortrose Estuary

Freshwater
Estuary

Jacobs River
Estuary

New River Estuary

Waikawa Estuary

Tidal Lagoon Tidal Lagoon . . Tidal Lagoon Tidal Lagoon . .
Tidal R RTH N | t Tidal L ID Tidal L 1D
(SIDE (SIDE idal River (SS atural State (SIDE (SIDE idal LagoonSIDE idal LagoonSIDE
Objective NA NA NA NA NA NA NA NA
state
Baseli
r;z:ne 2010 2016 2019] 2010 2016 2019 2010 2016 2019|2010 2016 2019|2010 2016 2019|2010 2016 2019| 2010 | 2016 | 2019 | 2010 | 2016 | 2019

B attribute 1 1 1 1 1 1 1
state

C attribut
attribute 1 1

state




Table81: Arsenic(As) netal in sedimentstate for monitored estuaries within each estuary class.

Freshwater Waimatuku
Awarua Bay Estuar Bluff Harbour Fortrose Estuary Estuary Haldane Estuary Jacobs River Estuar New River Estuary Waikawa Estuary Estuary
Objective NA NA NA NA NA NA NA NA NA
state
5:;:3“% 2010 2016 2019|2010 2016 2019|2010 2016 2019|2010 2016 2019|2010 2016 2019|2010 2016 2019 2010/ 2016 | 2019 | 2010 | 2016 | 2019 2010 2016 2019

Sitesin B 5 3 2 1
state (100%) (60%) (100%) (33%)
Sites in g

state

Table82: Cadmium(Cd metal in sediment statefor monitored estuaries within each estuary class.

Awarua Ba . . ) Waimatuku
4 Bluff Harbour Fortrose Estuary | Freshwater Estuar Haldane Estuary | Jacobs River Estual New River Estuary Waikawa Estuary
Estuary Estuary
Objectivel
) NA NA NA NA NA NA NA NA NA
state
Baseline

year 2010 2016 2019] 2010 2016 2019] 2010 2016 2019] 2010 2016 2019| 2010 2016 2019| 2010 2016 2019| 2010 2016 2019 2010 2016 2019 |2010 2016 2019

Sites in B
state

Sites in
state
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Table83: Chromium(Cn metal in sedimentstate for monitored estuaries within each estuary class.

year

Sites in H
state

Awarua Bay . . . Waimatuku
Bluff Harbour Fortrose Estuary | Freshwater Estuar Haldane Estuary | Jacobs River Estuar New River Estuary Waikawa Estuary
Estuary Estuary
Objectiv NA NA NA NA NA NA NA NA NA
state
Baseline 2010 2016 2019] 2010 2016 2019] 2010 2016 2019| 2010 2016 2019] 2010 2016 2019] 2010 2016 2019] 2010 2016 2019 2010 2016 2019 12010 2016 2019

Sites in g
state

Table84: Copper(Cu metal in sedimentstate for monitored estuaries within each estuary class.

Sites in B
state

Awarua Ba . . . Waimatuku
y Bluff Harbour Fortrose Estuary | Freshwater Estuar Haldane Estuary | Jacobs River Estual New River Estuary Waikawa Estuary
Estuary Estuary
Objective NA NA NA NA NA NA NA NA NA
state
Baseli
?/ZZ:ne 2010 2016 2019]| 2010 2016 2019] 2010 2016 2019] 2010 2016 2019| 2010 2016 2019| 2010 2016 2019| 2010 2016 2019 2010 2016 2019 |2010 2016 2019

Sites in ¢
state
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Table85: Lead(Pb) metal in sedimentstate for monitored estuaries within each estuary class.

Awarua Bay

. . . Waimatuku
Bluff Harbour Fortrose Estuary | Freshwater Estuar Haldane Estuary | Jacobs River Estuar New River Estuary Waikawa Estuary
Estuary Estuary
Objectivel
NA NA NA NA NA NA NA NA NA
state
Baseline

2010 2016 2019| 2010 2016 2019] 2010 2016 2019 2010 2016 2019 2010 2016 2019| 2010 2016 2019] 2010 | 2016 | 2019 | 2010 2016 2019 | 2010 2016 2019

year

Sites in H 1 1
state (50%) | (20%)
Sites in ¢
state

Table86: Mercury (Hg metal in sedimentstate for monitored estuaries within each estuary class.

Awarua Bay Freshwater Waimatuku
Estuary Bluff Harbour Fortrose Estuary Estuary Haldane Estuary | Jacobs River Estua] New River Estuary Waikawa Estuary Estuary
Objective NA NA NA NA NA NA NA NA NA
state
Baseline

2010 2016 201912010 2016 2019|2010 2016 2019|2010 2016 2019|2010 2016 2019|2010 2016 2019 2010 | 2016 | 2019 | 2010 | 2016 2019 |2010 2016 2019

year

Sites in B 1 1
state (50%) | (20%)
Sites in G
state
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Table87: Nickel (Ni) metal in sedimentstate for monitored estuaries within each estuary class.

Awarua Bay Jacobs River Waimatuku
Estuary Bluff Harbour Fortrose Estuary | Freshwater Estuary Haldane Estuary Estuary New River Estuary WaikawaEstuary Estuary
Objective NA NA NA NA NA NA NA NA NA
state
Baseli
aseline 2010 2016 20192010 2016 2019] 2010 2016 2019] 2010 2016 2019| 2010 2016 2019|2010 2016 2019] 2010 | 2016 | 2019 | 2010 | 2016 | 2019 |2010 2016 2019

year

Sites in B 1 2 1 1 1 2 1 3 1 1 3
state (50% (100% (50%) (50%] (33%) (100%)| (20%] (100%) (20%) (50%) (100%)
Sites in 1 3 1
state (33% (60% (20%)

Table88: Zinc(Zn) metal in sedimentstate for monitored estuaries within each estuary class.

Awarua Bay Jacobs River Waimatuku
Estuary Bluff Harbour Fortrose Estuary | Freshwater Estuar Haldane Estuary Estuary New River Estuary Waikawa Estuary Estuary
Objective NA NA NA NA NA NA NA NA NA
state
Baseline 2010 2016 20192010 2016 2019| 2010 2016 2019| 2010 2016 2019| 2010 2016 2019]2010 2016 2019 2010 | 2016 | 2019 | 2010 2016 2019 | 2010 2016 2019

year

Sites in 2
state (40%

Sites in 1 1
state

(50%)

(20%)
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Table89: Phytoplanktonstate for monitored estuaries within each estuary class.

Bluff & Awarua Freshwater Jacobs River Waimatuku
Open Coast Harbour Fortrose Estuary Estuary Haldane Estuary Estuary New River Estuary Waikawa Estuary Estuary
Objecti NA NA
jective NA NA NA NA NA NA NA
state
Baseline yeal 2010 2016 2019|2010 2016 2019} 2010 2016 2019] 2010 2016 2019] 2010 2016 2019] 2010 2016 2019 2010 | 2016 | 2019 | 2010 | 2016 | 2019 | 2010 2016 2019

Sites in B 3
state (38%)
Sites inC

state
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Table90: Sedimentation ratestate for monitored estuaries within each estuary class.

Jacobs River

Fortrose Estuary] Haldane Estuary Estuary New River Estuary Waikawa Estuary
Objective NA NA
state
Baselingyear | 2010 2016 2019|2010 2016 2019|2010 2016 2019| 2010 | 2016 | 2019 | 2010 | 2016 | 2019
Sites inPass 1 2
State (100%)| (10079

NA NA NA

1

Indeterminate|
(100%)

Note that no bottom line has been proposed as idiificult to establish the appropriate baings for this attriubute. The pass/fail threshold is the point at
which an adverse effeds estimated tooccur for the invertebrate community on the estuary bédis would suggest that that the threshold (paad)f
proposed may be towards the top of any bandimbis attribute may be more salhle as a narrative.
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Table91: Mud extent (area with muddiness> 25% mud contentdf estuarystate for monitored estuaries within each estuaryass.

Awarua Bay Jacobs River

Estuary Bluff Harbour Fortrose Estuary | Freshwater Estuary Haldane Estuary Estuary New River Estuary Waikawa Estuary
Objective NA NA

NA NA NA NA NA NA
state

Baseline yea] 2010 2016 2019] 2010 2016 2019|2010 2016 2019|2010 2016 2019|2010 2016 2019] 2010 2016 2019 2010 | 2016 | 2019 | 2010 | 2016 | 2019

Sites inPass
State

Unable to

. ND | ND ND | ND | ND | ND ND | ND | ND | ND ND ND
determine

b2GS GKIG y2 o02G02Y tAyS KIFa o6SSy LINRBLRASR & Al A abaRijaorgiwdidreférende 2
conditions. Therefore, this attribute may be more suited as a narrative or for the formation of & {argeart of). As this matter then becomes a value
judgement it should be further deliberated.

Pagel39



Table92: E. colistate for monitored estuaries within each estuary class.

Bluff & Awarua Freshwater Jacobs River Waimatuku
Open Coast Harbour Fortrose Estuary Estuary Haldane Estuary Estuary New River Estuary Waikawa Estuary Estuary

Baseline yea) 2010 2016 2019| 2010 2016 2019|2010 2016 2019|2010 2016 2019|2010 2016 2019|2010 2016 2019| 2010 | 2016

Sites in B 1
state (50%)
Sites in C 2 1 1 1
state (66%) (100% (100% (50%)
Sitesin D

state
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Table93: E. coliat popular bathing sitestate for monitored estuaries within each estuary class.

Bluff & Awarua Freshwater Jacobs River Waimatuku
Open Coast Harbour Fortrose Estuary Estuary Haldane Estuary Estuary New River Estuary WaikawaEstuary Estuary

Baseline yeg 2010 2016 2019|2010 2016 2019|2010 2016 2019|2010 2016 2019|2010 2016 2019] 2010 2016 2019| 2010 | 2016

Stesin B
state

Sites in C
state
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Table94: Enterococcitate for monitored estuaries within each estuary class.

Bluff & Awarua Freshwater Jacobs River Waimatuku
Open Coast Haldane Estuary Estuary Waikawa Estuary Estuary
Objecti NA NA
jective NA NA NA NA NA NA NA
state
Seaasrelme 2010 2016 2019|2010 2016 20192010 2016 2019|2010 2016 2019]2010 2016 2019] 2010 2016 2019 2010 | 2016 | 2019 | 2010 | 2016 | 2019 2010 2016 2019

Sites in B 1

state (33%

Sites in C 1 1 2
state (33% (100%, (100%)
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Table95: Enterococci at popular bathing sitegate for monitored estuaries within each estuary class.

Open Coast

Bluff & Awarua
Harbour

Fortrose Estuary

Freshwater
Estuary

Haldane Estuary

Jacobs River
Estuary

New River Estuary

Waikawa Estuary

Waimatuku
Estuary

Objective
state

NA

NA

NA

NA

NA

NA

NA

NA

NA

Baseline yea

Sites inB
state

2010 2016 2019

2010 2016 2019

2010 2016 2019

2010 2016 2019

2010 2016 2019

2010 2016 2019

2010 | 2016 | 2019

2010 | 2016 | 2019

2010 2016 2019

Sitesin C
state

1
(50%)
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9 ConclusionslwS @A aAz2ya (2 RNIZFN EYhER PSS HNI ¢

The NPSFM (2017)sétsy 206 2SOGA DS (G2 a Yl Ay @ahdsyppodshidatby LINE O S
requiring® that councils may not sdteshwater objectivestaa lower (more degraded) state than

existing at the time the freshwater objectives are sEhe need to check the draft freshwater

objectives againsh baselinestate was part of the method described and planned for antdh

and Wison (2019)that step can now be completed. The results in this report have now been used

to examine whether each draft freshwater objective is set at a level consistent with at least
maintaining the 2010 or 2016 state band for the majoritysdés repreenting that class. Eh

findings from thisare as follows.

9.1 Existing draft FWOs that require adjusting upwards

We suggesttte existing draft freshwater objectivésr nitrate toxicity in riversNorton and Wilson
2019)should be revised upwards as follows:

1 Lowland Soft Bed rivers: shift from C to B béio of sites are already B or betfgr
9 Hill rivers: shift from C to A bar{@l4% of sites are alreadyband

1 Mountainrivers:shift fromBto Aband(100% of sites are already band

1 Lake Fed rivershift from B to A ban@L00% of sites are already A band

We suggesthe existing draft freshwater objectivdsr ammonia toxicity in riversNorton and
Wilson 2019%hould be revised upwards as follows:

1 Lowland Soft Bed rivers: shift from C to B bal@D¥o of sites are already B or better)
1 Lowland Hard Bed rivers: shift from C to B band (81% of sites are already B or better)
T Hill rivers: shift from C to A band (94% of sites are already A band)

1 Mountain rivers: shift from B to A band (100% of sites dreaaly A band)

1 Lake Fed rivers: shift from B to A band (100% of sites are already A band)

We suggesthe existing draft freshwater objectivder ammonia toxicity in lakedNprton and
Wilson 2019)should be revised upwards as follows:

1 LowlandShallow &kes shift from C toAband (00% of sites are already A band
1 Brackish Lakes and Lagaepshift from C tdBband (L00% of sites are already B or bejter
1 Deep lakesshift from B to A band (100% of sites are already A band)

9.2 Attributes for which a minimumdraft FWO can now be identified

Some of heattributes previoushsuggestedor use as freshwater objectives by Norton and Wilson
(2019) could not have their band inferred from previous plan decisions anthesachoice of
whether to set the objective af\, B or C band remained opehis was indicated by expressing
GK2aS RNI Fi FTNBaKEIl &BwdairEeot 8t&edasaltdis this repbrt oambw

be used to suggesminimume draft freshwater objectivéband stateshased on assessed current
state, notwithstanding that decisions could still yet be mddeer in the procesgo set draft

10 Specifically through Poli€yA2e)iiaA)

1 There is no direction in the NPSFM or in Ministry for the Environment guidance on the NPSFM
to direct what might be an approgie threshold to determine whether a freshwater objective
should be adjusted upwards based on a significant proportion of sites already achieving a better
state. In our analysis here we have nominally suggested that if greater than 80% of sites already
meet a higher objective then it could be revised upwards. If a threshold of 90% was chosen then
one of our suggested revisions (the shift from C to B band for Lowland Hard Bed rivers) would not
be made.
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freshwater objectives at a better state than thiBhe key point here is thahe NPSFM2017)

requiresthaf NBaKgl G SNJ 202S00A S a dvidzielset owerthay durehty 2 NJ A
4 dz3 3 § wbj@tivesarondlaidiont daxhe R NI ¥ {

state.hy G KA & 0dKS

following subsections.

0l aAhAa

9.3 Revisions to gpundwater FWOs

We suggesthe draft freshwater objectivedor nitrate concentrationg with respect to potential
effects on groundwater ecosystem healttshould be set ai minimum ofC bandon the basis
that C band is the national bottom line for toxicity effects in surface watadslarge areasof

groundwaterare currently in C banfe.g, Table 12. The draftnumericfreshwater objectivesre

unchanged from those iNorton and Wilson (2019) and are reproduced able96.

Table96: Minimum suggested draft freshwater objectives fgroundwater.

Draft minimum freshwater objectives for

Groundwater:
Naturall Groundwater
Potable y Drinking Supply
Non-potable .
Groundwater G d Protection Zones
Attributes e
E. col(MPN 100mL)- human health for drinkingy Pass Pas3 Pass
Nitrate (mg/L)g human health for drinking Pass n/at Pass
All other DWSN&Zontaminantsg human health for drinking Pass n/a Pass

The draft freshwater objectives beloapply to all

Groundwaterrelated ecosystem health
groundwater

Nitrate-Nitrite nitrogen(mg/L)¢ ecological toxicity

Table footnotes:

Note that this table onlyncludes draft numeric FWOs; Draft narrative FWOs are shown in Norton and Wilson (2019).

Coloured cells represent draft freshwater objectives inferred from regiate Objective 8 in the existing pSWLP.

Uncoloured (white) cells representthe range2of Ji A 2 ya F2NJ C2ha GKI G OFyQd o8

MY C2NJ ydzYoSNE | yR 20 KSRNRS G Atdtes ked Appelidixkli SR A G K a!

2: Based on DWSNZ = Drinking Water Standards New Zealand (Ministry of HealthTh@®&g pass/fail freshwater
objective.

AtoC

AYTSNN
.1 5¢

NEFE SOGAQGS 2F GKS NBFtAdGe GKIG
various states of treatment; and that this objective should be able to be achieved everywheite dve primarily
anthropogenic source and control

4: n/a indicates that this attribute is not assessed within this class.

5: Attribute band options are based on the attribute option table for nitrate toxicity for surface ecosystem health (NOF

2017 andHickey 2013Jit is notedthe NPSFM (2020)as revised the national bottom lirfer surface ecosystem health

upwards tothe B/C thresholdl
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9.4 Revisions to iver FWGs

For riverghere were alreadymanydraft freshwater objective state bandisferred fromprevious

plan decisions (Norton and Wilson 201%)e have suggestedme of those require upwards

revisionas laid out in sectiof.1 above.We can ao now revise the draft freshwater objectives

for deposited fine sediment (% cover) and suspended sediment (measured as tuttédiéyg) on

suggesting a minimum of the current state results presented in this refloigmeans A band for

all classedor deposited fine sediment (% coveandd! &2 6F YR TF2NJ adza LISYRSF
(turbidity); these two are shown as uncoloured rowEhe revisedsuggesteddraft numeric

freshwater objectives arshownin Table97.

Table97: Minimum suggested draft freshwater objectives for rivers.

Draft minimum freshwater objectives for rivers

Natural Lowland Lowland _ _ Spring

State Hard Hill Mountain | Lake Fed

rivers Soft Bed Bed Fed
National Compulsory Attributes
Periphyton (Ché; mg/mg?) C C B A A A
Nitrate Toxicity (mg/L) B B A A A B
Ammonia Toxicity (mg/L) chanlggé B B A A A B
Dissolved Oxygen (mg/L) A A A A A A
E.coli (E. coli 100mL) B B B A A B
Cyanobacteria(biovolume mnd/L) n/a n/a n/a n/a A n/a
Southland Attributes
Ecolio b G &t 2Lzt | RJ A A A A A A
Macroinvertebrate Comr_nunity - . . A . e
Index (MCI) (wadeable rivers orfly
Temperature (°C,-8ay CRI during
Summer Period, 1 De@0 Mar}p € € © e e =
Temperature (°C max, Ma8eptp8 no n/a A A A A A
Clarity (visible distance; ) changé C B B A A A
Benthic Cyanobacteria (% cover) A B B A A B
Deposited finesediment (%cover) A A A A A A
Suspended sedimenturbidity AtoC AtoC | AtoC A AtoC AtoC
Filamentous algaé n/a Pass Pass Pass n/a n/a
Diatoms and cyanobactefé n/a Pass Pass Pass n/a n/a

Table footnotes:

Note that this table onlyncludes draft numeric FWOs; Draft narrative FWOs are shown in Norton and Wilson (2019).

Coloured cells represent draft freshwater objectives inferred from Appendix E of the existing pSWLP.

Uncoloured (white) cells represent the range of optionsFWOsK | & OF y Qi 6S AYFSNNBR FdzNIi KSN.
MY C2NJ ydzYoSNB yR 20KSRNRBSEI I Hthteslsak Bdpddi¥20 SR gAGK a! ./ 5%
HY ¢KS 62NRAY I dza SR OdzNNIhe datutal ghality ofitheSvatedhal[not bel altdtd y RAE 9 A &
3Y at 2 Lddzf I NJ . listédihihg (BWLPAApEeRdik G.I NB

4: Qyanobactera ¢ Planktonic

5: Based on current pSWLP Appendix E receiving water quality standards.

6: ReferenceDaviesColley et al., (2013)

7: Reference: Ryder (2004)

8: This is gass or fail freshwater objective
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9.5 Revisions tdake FWGs

For lakesthe minimum freshwater objective state bandsow suggested are as shownTiable
98. The new sugested mitmum state bandsre shown asincolouredrows. Thepreviousdraft
freshwater oljectiveshave been revised daid out in sectior®.1and are shown as coloured rows
Notethat there wadlittle data basis to suggest mimum state bands for Upland Shall¢éakes and

so theseremainmostlyasa !

g2

/€

%

iKS

GFof So

Table98: Minimum suggestediraft freshwater objectives for lakes based on current state

Draft minimum freshwater objectives for lakés
Ngtt:t? shl":\lcl)gv\/lvalr;cl}l(es sha&ljlglzr::kes DEEIELES Lirg:skl;:d

lakes Lagoons
National Compulsory Attributes
Phytoplankton (Ck&; mg/ms) B AtoB A B
Total Phosphorug(mg/ms) A+to C A+to C A+ A+to C
Total Nitrogen (mg/ms3) Chgggé A+to C A+to C A+to A A+to C
Ammonia Toxicity (mg/L) A BtoC A B
Cyanobacteria(biovolume mnd/L) A AtoC A AtoC
E.coli (E. coli 100mL) B A A B
SouthlandAttributes
E.coli ( (iPopularBathing Stest 30 A A A A
TrophicLevellndex (TLP A+to C A+to C A+ A+to C
Macrophytes (percentagecover)® o AtoC AtoC N/A AtoC
LakeSP(overall indexy changé AtoB AtoB Ato C N/A
LakeSHinative condition index) AtoB AtoB AtoC N/A
LakeSH(invasive impact index) Ato C Ato C Ato C N/A
Nitrate Toxicity (md)8 A AtoC A AtoB

Table footnotes:

Note that this table only includedraft numericFWOs; Draft narrative FWOs are shown in Nogod Wilson (2019).
Coloured cells represent draft freshwater objectives inferred from Appendix E of the existing pSWLP.

LyO2ft2dz2NBR 06KAGSO OStfta NBLINBaASyid (GKS NIy3aS 2F 2LJiAaz2ya
MY C2NJ ydZYoSNE YR 20KSN) RSGIAf 3 4a20AF3GSR 6AGK a! . /5¢
HY ¢KS g2NRAY3 dza SR OdzNNEhénntural qualify ofithie Satec ¥hall hat be altel®d® Yy RAE 9 A

3y 4t 2 Lddzt | NJ . listédihihg mBWLPAAprREdi G, lbiNBone are identified in any lakes at this time.

4: Qyanobactera ¢ Planktonic

5: Reference: Burns and Bryers (2000)

6: Reference: Hamidit al., (2014); Kelly et al., (2016)

7: Reference: Burton et al (2018nd using the LakeSPI native condition and invasive impact indices as provided in the
Draft NPSFM released for public consultation as part of the Essential FresRaakerge (Septemb&019).

8: Reference: Hickey et al., (2013)

9: Note NPSFM (2020) revised the national bottom line for nitte ammoniaoxicity upwards to the B/C threshald
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9.6 Revisions to stuary FWG

Forestuariesthe minimum freshwater objective state bands now suggested are showabie
99. Note that the minimum statdor the coloured rows is to some extent inferred for seaient
metals andaecal indicatorsE. colandenterococciffrom the Regional Coastal Plan foo8hland
as described previously in Nortamd Wilson (201P Note also thata mhimum statehas not yet
been assessed for phytoplankton.

Table 99: Minimum suggested draftnumeric freshwater objectives for estuaries based on
current state

Draft minimum freshwater objectives for Estuariés
Ngtt:t? Tidal _Lagoon Té‘i?lljzii\ézr Fiords and
estuaries Estuaries (SIDE) (SSRTRE) Bays (DSDE
National Compulsory Attributes
There areno nationally compulsory attributes for estuaries
SouthlandAttributes
Phytoplankton (Ch&; mg/m?)4 AtoC AtoC AtoC
Toxicant netalsin sadiment (mg/kgdry weigh)® AtoB AtoB A
GrossEutrophic Zone (GEZ% intertidal area) AtoC AtoB n/a
Mud content- site specific (% mud) no AtoC AtoB n/a
Sediment oxygen level (aRPD in mm) AtoC AtoB n/a
Macroalgae (Ecological Quality Rating; EQR) AtoC AtoB n/a
E.coli (E. coli 100mL}° AtoC AtoC A
Ecolio b G &t 2Lddz b RI . | (KA AtoC AtoC A
Enterococci€nterococci 100mLJt AaiC AaiC A
IYGSNRO200OA 61 G at 2Ly e AtoC A

Table footnotes:

Note that this table only includes draft numeric FWOs; Draft narrative FWOs are shown in Norton and Wilson (2019).

Coloured cells represent range of options for FWOs inferred from objectives and AppeRiCPBditeria.

' yaKI RSR 0¢gKAGSO OSftfa NBLNBaSyid (GKS NIry3aS 2F 2LJiAzya T2
n/a means it is recommended the atiute not apply for that class primarily due to practical measurement difficulties.
MY C2NJ ydzYoSNB | yR 20KSNJ RSGIAf aa20A1 4GSR gA0GK al ./
HY ¢KS 62NRAY3I dzaSR Ay LY 2 [The nhtlchlifglify af B water dhall Mot eJal@SINE |
3Y at 2 Lddzf  NJ . listédihihg @BW{ PAApeRdix G,lbiNBone are identified in any estuaries at this time.

4: Reference: Revilla (2010)

5: Reference: ANZECC (2018) sediment guidelines

6: Reference: Ecological Cotioin Gradient work; e.g., Robertson et al., (2015)

7: ReferenceRobertson et al., (2015)

8: ReferenceANZECC (2018)

9: ReferenceEstuary Trophic Index work; e.g., Robertson et al., (2016)

10: Reference: NPSFM for freshwater applied here to estuaries

11: Reference: MoH/MfE (2003) Recreational guidelines

12:Sedimentatiort G 6 NA 6 dzi S R2Sa y20 KI @S | mRBumisy SRt S &G IANY RA B F I By ¢ @ dzZRNS

PVl

5
y

Pagel48



9.7 Revisions to pen coastFWOs

For the open coasthe minimum freshwater objective state bands now suggedbesed on

current stateare as shown imable100.

Table 100: Minimum suggested draffreshwater objectives for open coast based on current

state.
Draft freshwater objectives for Open Codst
SecondanAttributes
Enterococci (Ent/ 200mkd human health for recreation A
Toxicant netalsin ssdiment(mg/kgdry weigh)3 A

Tablefootnotes:

Note that this table only includes draft numeric FWOSs; Draft narrative FWOs are shown in Norton and Wilson (2019).
Coloured cells represent range of options for didf¥Osnferred from objectives and Appendix 10 criteria in the RCPS.

1: Reference: MoH/MfE (2003) Recreational guidelines

HY C2NJ ydzYoSNB | yR 20KSNJ RSGIFAf | 3aa2041 0SSR sA0GK (KS

3: Reference: ANZECC (2018) sediment guidelines
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10/ 2y Of dzaA2ya HY ¢KS aAl S 2F (KS a3l

Theresults presented in this reponiaveshown that the sizeof the gapto achieve draft freshwater
objectivesvariesfor different attributesacross differenEMUs, classes amdaterbodies Thesize
of the gays for different attributesare summarisedfor groundwater {n section5.4), rivers (n
sections6.1 to 6.3), lakes i section7.1) and estuaries(in section 8.1). Sveral overarching
conclsionscan be drawn

1 Itis assumedhereis no gap to clostor the majority of watebodies in the Fiordland and
Islands FMU, most of which are in thatral State Waters classmdare currently in near
pristine condition. It imecessaryo maintainthat situation anahusthe draft freshwater

L

objectives for the Natural State | G SNE Of a4 [ NS Fff ay2 OKIy3

1 Inthe other four developed FMUsany siteslo meet freshwater objectivesee sections
noted above for detail)put a substantial numbedo not, as described further below.

9 There is a substantial gap to close to mieshwater objectives for faecal indicatois.
coliand/or enterococci)or both groundwater drinkingupplyandfor the value ohuman
health for recreationfor many sitesn groundwater andparticularly lowland river and
lake classedraining both rural and urban lanénd in estuaries Sme sites irill rivers
also did not meet. coliobjectives. Most sites in mountain rivers, deep lakes and many
open coast sites meet objectives for faecal indicat&rscoliand/or enterococci)

9 There is a substantial gap to cldeseneet freshwater objectiveat some sitesparticularly
in lowland rivers and lakes and in estuaries, fiutrients (nitrogen and phosphorus) and
a related string obther freshwater objectivethat are influenced by elevated nutrients
such as objectives for periphytand macroinvertebratesn rivers,phytoplanktonand
macrophytes in lakes, and macroalgaed gross eutrophic zonfGEZ)conditions in
estuaries.

1 There is a substantial gap to close to meet freshwater objectiesome sitesagain
particularly in lowland rivers and lakes and in estugrielated to sedimentsuch as
objectives fordeposited fine sediment, suspended sediment and visual claritjvers,
trophic condition (TLIn lakes, andnuddiness, seithentation rate,sediment oxygen level
andgross eutrophic zone (GEZ) conditionsstuaries.

1 The gaps described above will notdmved only by addressing the four big contaminants
(nitrogen phosphorus, sediment arfdecalmicro-orgarisms).While notassessed in this
report it is well known thamanyother factors also contributéo the problems and will
need tobe part of the solutionsThis includes provision of sufficient water quantitg.,
setting environmental flows and levels to supp@tosystem health imivers, lakes,
groundwater and wetlands It is likely to include riparian and instream habitat
improvements for riversand marginal wetland improvements for some lak#ss also
likelyto include biodiversity enhancements, invasive weed and pest control, and practical
restoration projects. tlmay even involveannovative technologicahnd/or engineering
projects for some situation€limate change may also affect the freshwater objectives in
future.
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11 Conclusions 3: Topics for management and planning

11.1 Awareness of environmental variabilitg in space and through time

The state of natural and altered environments is inherently very variable in both space (i.e., across
different areas) and through time (e.g., through daily, seasonal, annual and decadal weather and
climate cycles, and through lortgrm climate change). When we sample attributes at particular
sites we get snapshots of information for that place and time, and we use that information to
estimate the state of the broader environment. The more attributes, sites and times we sample,
the better we cover for environmental variability, and the better our estimate of the state of the
environment will be. However, there are practical and cost constraints to sampling effort. In the
end we must use the data we have, knowing the limitations arsb@ated uncertainty about

state and its variability, to make resource management decisions.

The uncertainty associated with estimating the current state of attributes in this report is
considerable and would be difficult to quantify. In general we arestnoertain about state for
attributes and sites that are sampled frequently, and we are least certain about attributes we
sample infrequently and at few sites. An indication of the relative level of uncertainty with
different attributes can be seen by olrsing the number of sites shown in the results tables cross
referenced in the key messages sections of this report (secttofs6.1, 7.1 and 8.1 for
groundwater, rivers, lakes and estuaries respectively).

In general we have more data for groundwater sites and river sites than for lakes and estuaries
and are thus more uncertain about the latter. In particular we sample only a handful of lakes and
eduaries; there are hundreds that we do not monitor and therefore must infer their condition

from sampling others of the same class. We do not monitor a single lake in the Upland Shallow
lakes class; we assume these are in generally good condition dueitolahations but this is
uncertain. We are also generally more certain about water quality contaminant concentrations

for nutrients (nitrogen and phosphorus) than we are about sedimé&ntoliand ecological
attributes like periphyton, MCI and the natifish IBI. We are very uncertain about the attributes

S R2y QG Y2yAl2N) 4 it &dzOK a aS@SNrt 27
(September 209) NPSFM (see tables in secti®R).

Ultimately we must acknowledge that uncertainty is inevitable and proceed with making resource
management decisions based on what we know today. We can also continue to monitor through
time to check whether our decisiomemain the right ones and to revise accordingly. The results
presented in this report suggest that once freshwater objectives, limits and other methods are
finalised later in the process, it would be timely and prudent to review the design of existing
monitoring programmes to ensure that progress towards meeting freshwater objectives is
effectively monitored going forward. This is particularly true for estuaries, where numeric
freshwater objectives will be set for the first time in this process. In addilch S N} YSy (. Qa
Essential Freshwater Package includes proposed changes to the NB&#kbmber 2019hat
include the new compulsory attributes mentioned above; these could also influence monitoring
programme review.

11.2 Considerations of different spatial scatesite vs class vs FMU vs region

Related to environmental variability is the question of what spatial scale to investigate and report
at. Inevitably every small part of every waterbody is unique at some level, but it is obviously
impractical to monitor ad report everywhere. It is also impractical to set unique freshwater
objectives for every small part, or even every whole, waterbody.
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The draft freshwater objectives provided in Norton and Wilson (2019) were identified for each
class of rivers, lakes, estries and groundwater, and they sit within the context of the Southland
region and the five identified FMUs for the region. For the purpose of this report the assessment
of state has been made at site level initially, but the results have then been gi@unukpresented

at the level of classes, FMUs and the whole region where practical. We have learned different
things at each level of analysis:

11.2.1 Region scale

Results analysed at this scale (see secti®ris 6.1, 7.1.1and 8.1.1) illustrate what the key

problems are; such as the key contaminants nitrogen, phosphorus, sediment and faecal
microorganisms (as indicated & colj, which directly and indirgly contribute to numerous
FTILAfdNBa G2 YSSGO RN} Fd FNBaKgl GSNI 202S0GA0Saod
us clearly where the problems are occurring.

11.2.2 FMU scale

Results analysed at this scale (see sectio$.2, 7.1.2and8.1.]) reinforced the clear distinction

between the largely pristine state of the Fiordland and Islands FMU compared to the other four

FMUs withmoredevelope f F YR dzAS& 621 Al dzZ ! LI NAYFX nNBGA |
any particular distinction in state between these four developed FMUs. While there are certainly

rivers, lakes and estuaries in different environmental states across these four FMUsitthe

suggest differences are related to the type (and therefore sensitivity) of each waterbody and the

extent of development in each catchment, rather than significant differences between the four

FMUs.

11.2.3 Class scale

Results analysed at this scale (see isest5.3, 6.3, 7.1.3and 8.1.2 showed clear patterns of
difference between the classes, particularly for rivers and lakes. In general, the monitoring results
combined with justification for the proposed classes based on physical characteristics (Norton and
Wilson 2019), supportshe use of the proposed river, lake and estuary classes for resource
management planning processes going forward at this time.

11.2.4 Individual waterbody scale

Results at this scale illustrate how variable the environment can be, even for waterbodies within
the same class and sites within the same waterbody. While draft freshwater objectives have
currently only been proposed at the level of classes and not for individual waterbodies, it remains
a possibility to assign one or more particularly important waterbedidgth their own unique
freshwater objectives as discussed in more detail in Norton and Wilson (2019). This could be done
either within the current process or in subsequent future plan changes after first establishing
freshwater objectives regicwide.

Assigning unique freshwater objectives for individual waterbodies might be justified on the basis
of waterbodies with particularly important values or pressures, or both. Possible candidates
include Waituna Lagogrwhich already has some work done to suppodtchment specific
numeric attribute targetsand major estuaries in developed catchments such as Jacobs River
Estuary and New River Estuary. Whether or not to do this will be a subject of discussion during the
next phase of the Regional Forum process.

113 DeOARAY3I 2y gKSYy GKS daolaStAyS &SENE F2NJ
This report presents results for three potential baseline years (2010, 2016 and current 2019),
although there was not data available for all attributes and sites for all time periodscylarly

the earlier periods. The reason for presenting all three periods is that there is uncertainty on
GKSUKSNI GKS GIFNBSG 2F aYFAYyGlFrAy 2N AYLINR@SE

(SN
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of 2010 (the year the Regional Water Plan for Stautti, 2010 became operative) or 2016 (where

the proposed Southland Water and Land Plan (pSWLP) specifies a baseline date of 1 June 2016,

the date the plan was notified). At the time of writing this is a topic of contention in the
Environment Court appealsrocess on the pSWLP and will ultimately require a decision. This

report presents estimates of environmental state for both those baseline years to cover both
LI2aadaAoAfAdASa F2N GKIFd RSOAaAA2Yyd ¢KS HnHnmdg NBa
writing for comparison.

114hLISNF GAY3T 6AGK aYFAYGEFEAY 2N AYLINR @S¢

From what we know about environmental variability and the uncertainty inherent in monitoring
SYGANRYYSyidlt adqrisSz AG Aa OfSIFEN dKFEd WKS AYL
presentsa conundrum in terms of exactly what state should be maintained or improved, at what

scale it should be applied, and with what allowance for variability caused by natural processes
and/or factors outside the control of resource managers (e.g., climategg)an

One pragmatic approach that has been employed in some regions, and is alluded to in the NPSFM
(2017), is to strive to ensure that all sites remain within the state band (A, B or C) of their given
freshwater objective, thus allowing for soraariability within the band. However this presents an
issue that in some cases deterioration from near the top of a band to near the bottom of a band
represents significant and unintended degradation. For example, movement from the top to the
bottomof Al YR ¢2dzZ R NBLINBaSyd aA3ayAFAOFYyG RSGSNR2N
Lakes Manapuri and Te Anau). This approach also does not solve the issue that the exact
breakpoints between ABCD bands are somewhat arbitrary and a very small shifirfeoside of

a threshold to the other is meaningless in terms of effects in the environment. To solve that
particular issue though, it would become necessary to do away with the pragmatic ABCD system
and set unique numeric freshwater objectives for evety.sihat would bring us right back to the
problem of practical constraints and the inevitable uncertainty in monitoring exactly what that
state is, and whether it changes in future (i.e., detecting trends typically takes considerable
sampling effort for may years).

There does not seem to be a perfect solution to this conundrum. A pragmatic approach that we
suggest could be considered by planners for plaiting purposes, would be to proceed with

using the ABCD banding system for setting and then mongand reporting against freshwater
202S0GABS4as odzi G2 Ffaz2z SELXAOAGEE NBO23ayAaS |
should apply at site scales unless transgressed due to natural causes. The ABCD system would then

be monitored andeportedpragmatically as the first level indication of state and progress towards
achieving freshwater objectives (e.g., freshwater accounting as required by the NPSFM and plan
effectiveness monitoring)Meanwhilestate of environment monitoring would continu® be

used to track what is happening at individual sites as well as regionally representative changes
through time.

There will ultimately need to be decisions made about how to haad¥l A y i I NF @8 83 A Y LJ
plan writing that takes account of the diffitties describedhere.

12j.e., under Objective A2 of the NPSFM (2017)
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Appendix 1:Groundwater Attribute State Option Tables

Value ‘ Water supply

Freshwaterbody type Groundwater
Attribute group Southlandattribute
Attribute name E.coli
Attribute unit MPN/100mL (Most probable number per 100 millilitres)
Attribute band anddescription Numeric Attribute State
Annual maximum*
Pass
Will rarely result in waterborne illness to humans throu Km
consumption of water.
Proposed minimum acceptable state 1

>1

* Assessed annually (no minimum number of samples per bore). The annual maximum is proposed as this provided thg
certainty that the bore or well complies with the New Zealand Drinking Water Stanianistry of Health (2018)Drinking
water stardards for New Zealand 2005 (revised 20Mellington: Ministry of Health.

Value ‘ Water supply

Freshwaterbody type Groundwater
Attribute group Southlandattribute
Attribute name Nitrate
Attribute unit mg NQGs-N/L (milligramsnitrate-nitrogen perlitre)
Attribute band and description Numeric Attribute State
5-year median* Maximum
Pass

Suitable for human consumption with respect to low risk Ky ®p KmmPo
methaemoglobinaemia in bottle fed infants.

Proposed minimum acceptable state 8.5 11.3

>8.5 >11.3

* 5 year mean with a minimum of 10 samples and data from at least 4 of the 5 years. This is used as it has particulartrel
the frequency which groundwater samples are usually collected in Southland and the general temporal variability in grau
chemistry
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Value ‘ Water supply

Freshwaterbody type Groundwater
Attribute group Southlandattribute
Attribute name Other parameters* in DWSNZ with assigned MAV
Attribute unit Dependant on attribute
Attribute band and description Numeric Attribute State
Annual mean Annual maximum
Pass
Suitable for human consumption with low risk of health effe
from contaminantconcentrations. On the basis of prese KT ps 2F al XmMnmg: 2F a
knowledge, it is considered not to cause any significant ris
the health of the consumer over 70 years of consumption ¢
litres per day of that water (MOH, 2018).
Proposed minimumacceptable state 75% of MAV MAV
>75% of MAV >100% of MAV

* These include microbiological measures, pesticides, organics, inorganics, heavy metals, and measures of radiationiger
elements.

Ministry of Health (2018)Drinking water standards for New Zealand 2005 (revised 2048)lington: Ministry of Health.

Value Ecosystem health

Freshwaterbody type Groundwater
Attribute group Southlandattribute
Attribute name Nitrate
Attribute unit mgNGs-N/L (milligramsnitrate-nitrogen per litrg
Attribute band and description Numeric Attribute State
5-year mean
Xm P n

B

Likely growth effect on some stygofauna species.

Bmedn | yR Xudn

C

Growth effects on a proportion of stygofauna species. Poter >2.4 and <6.9
effects on groundwater ecosystem function.
Proposed minimum acceptable state 6.9"
>6.9

1NPSFM (2020) revised the national bottom line for nitrate toxicity in rivers and lakes upwards to the B/C threshold
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Appendix2: River Attribute State Option Tables

Value ‘ Ecosystem health

Riversand streams

Freshwaterbody type

Attribute group

National compulsory attribute

Attribute name

Nitrate (toxicity)

Attribute unit

mgNGs-N/L (milligramsnitrate-nitrogen per litrg

Attribute band and description

Numeric Attribute State

Annual median

Annual 9% percentile

KM@ n KM Pp
B . o
bvmon | yR ) bvmop | YR )
Some growth effect on up to 5% of species
C V V
Growth effects on up to 20% of species (mainly sensitive spg¢ bron FyR 3 boop FyR
such as fish). Nacute effects
National bottom line* 6.9 9.8
>6.9 >0.8

Note: This attribute measures the toxic effects of nitrate, not the trophic state. Where other attributes
measure trophic state, for example periphyton, freshwater objectives, limits and/or methods for those

attributes maybe more stringent.

1 Note the NPSFNR020) revised the national bottom line for nitrate toxicity in rivers and lakes upwards to

the B/C threshold
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Value ‘ Ecosystem health

Freshwaterbody type Rivers and streams
Attribute group National compulsory attribute
Attribute name Periphyton
Attribute unit mg chta/m? (milligrams chlorophy per squaremetre)
Attribute band and description Numeric Attribute State Numeric At'Frlbute State
(default class) (productive class)
Exceeded no more than 8% { Exceeded no morthan 17%
samples of samples

A
Rare blooms reflecting negligible nutrient enrichment and Kp n Kp N
alteration of the natural flow regime or habitat.

B ~ ~
Occasional blooms reflecting low nutrient enrichment and, Bpn YR K Bpn YR K
alteration of the natural flow regime or habitat

C
Periodic blooms reflecting moderate nutrient enrichme BMHA | YR b BMHA | YR b
and/or moderate alteration of the natural flow regime (
habitat

National bottom line 200 200
>200 >200

1. Classes are streams and rivers defined according to types in the River Environment Classification (REC). The
periphytonOf a8 A& RSFAYSR o0& G(G(KS O02Y0AYyl G ADyWE and @@y (GD}) Bd
REC Geology categories that have naturally high levels of nutrient enrichment due to their catchment geology (i
Sedimentary (SS), Voléaricidic (VA) and Volcanic Basic (VB)). Therefore the productive category is defined by the fq
REC defined types: WD/SS, WD/VB, WD/VA, CD/SS, CD/VB, CD/VA. The Default class includes all REC types not in 1
class.

2. Based on a monthlgnonitoring regime. The minimum record length for grading a site based on periphytea)(ishB years

Note: To achieve a freshwater objective for periphyton within a freshwater management unit, regional
councils must at least set appropriatastream oncentrations and exceedance criteria for dissolved
inorganic nitrogen (DIN) and dissolved reactive phosphorus (DRP). Where there are nutrient sensitive
downstream receiving environments, criteria for nitrogen and phosphorus will also need to be seigweeach

the outcomes sought for those environments.

Regional councils must use the following process, in the following order, to determine instream nitrogen
and phosphorus criteria in a freshwater management unit:
a) either¢
i) if the freshwater managemenunit supports, or could support, conspicuous periphyton,
derive instream concentrations and exceedance criteria for DIN and DRP to achieve a
periphyton objective for the freshwater management unit; or
ii) if the freshwater management unit does netipport, and could not support, conspicuous
periphyton, consider the nitrogen and phosphorus criteria (instream concentrations or
instream loads) needed to achieve any other freshwater objectives
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b) if there are nutrient sensitive downstream environmenfer example, a lake and/or estuary,
derive relevant nitrogen and phosphorus criteria (instream concentrations or instream loads)
needed to achieve the outcomes sought for those sensitive downstream environments:

c) compare all nitrogen and phosphorusteria derived in steps (&)(b) and adopt those necessary
to achieve the freshwater objectives for the freshwater management unit and outcomes sought
for the nutrient sensitive downstream environmemnt

Value ‘ Ecosystem health

Freshwaterbody type

Rivers and streams

Attribute group

National compulsory attribute

Attribute name

Ammonia (toxicity)

Attribute unit

mg NH-N/L (milligramsammoniacainitrogen per litrg

Attribute band and description

Numeric Attribute State

Annual median* Annualmaximum?*
Xnono Xnonp
B ) )
95% species protection level: Starts impacting occasionall bneno yR bnenp FyR
the 5% most sensitive species
C
80% species protectiolevel: Starts impacting regularly on th pndun I yR pndnn I yR
20% most sensitive species (reduced survival of most seng
species)
National bottom line* 1.3¢ 2.20
>1.30 >2.20

*Based on pH 8 and temperature of 20°C

Compliance with the numerical attribute states should be undertaken after pH adjustment

! Note the NPSFNR020) revised the national bottom line fammoniatoxicity in rivers and lakes upwards

to the B/C threshold
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Value ‘ Ecosystem health

Freshwaterbody type Rivers and streams (below point sources)
Attribute group National compulsory attribute
Attribute name Dissolved oxygen
Attribute unit mg/L (milligramsper litre)

Attribute band and description Numeric Attribute State

7-day mean minimurh 1-day minimuni
(summer period: 1 Novembe| (summer period: 1 Novembe
to 30 April) to 30 April)

Xy ®n XT ®p

B

Occasional minor stress on sensitive organisms caused by
periods (a few hours each day) of lower dissolved oxygen.
of reduced abundance of sensitive fish amécroinvertebrate
species.

XT®n YR ¥ Xpon FyR f

C

Moderate stress on a number of aquatic organisms cause|

dissolved oxygen levels exceeding preference levels for pel Xpe®n YR Xxnen FyR
of several hours each day. Risk of sensitive fish
macroinvertebratespecies being lost.
National bottom line 5.0 4.0
<5.0 <4.0

1The mean value of 7 consecutive daily minimum values
2The lowest daily minimum across the whole summer period
1 Notethat for Southland this attribute is being proposed to apply to all rivers
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Value Humanhealth for recreation

Freshwaterbody type Lakes and rivers
Attribute group National compulsory attribute
Attribute name Escherichia cofE.coli)
Attribute unit E.coli100 mL (number oE.coliper hundred millimetres)
Attribute band anddescription Numeric Attribute State
% % Median
exceedances| exceedances concentration 95" percentile of
over 540 over 260 (cfu/100 mL) E.colV100 mL
cfu/100 mL | cfu/100 mL

A
For at least half the time, the estimated risk is <1 in 1,000 (<( <5% <20% Kmon Kpnon
risk). The predicted average infection risk is 1%*.

B
For at least half the time, the estimated risk is <1 in 1,000 (<( > © 10% 2010 30% KMo N Kmz nnn
risk). The predicted average infection risk is 2%*.

C
For at least half the time, thestimated risk is <1 in 1,000 (<0.] 101020% | 2010 34% Kmo n KMZHAN
risk). The predicted average infection risk is 3%*.

D
Hn G2 om: 2F GKS GAYS (KS 20 to 30% >34% >130 >1,200
risk). The predicted average infection risk is >3%*.

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

* The predicted average infection rigthe overall average infection to swimmers based on a random exposure on a randof
ignoring any possibility of not swimming during high flows or when a surveillance advisory is in place (assuming Ehatoth
concentration follows a lognormal distribution). Actual risk will generally be less if a person does not swim duringusigh flo

1 Attribute state should be determined by using a minimum of 60 samples over a maximum of 5 years, collected on a regl
regardless of weather and flow conditions. However, where a sample has been missed due to adverse weather or error stdtsh
may be determined using samples over a longer timeframe.

2 Attribute state must be determined by satisfying all numeticibute states.
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Value ‘ Ecosystem health

Freshwaterbody type

Lakes and lakéed 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*

Xn @ pd/L Wiavolume equivalent for the combined total of §
cyanobacteria

B

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

Bbndp |y RL bimotume efuivalent for the combineq
total of all cyanobacteria

C

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

Bmdn |y R/L Biomoligne efiivalent of potentially toxi
cyanobacteria OR

Bmdn |y BL tokmbiovolaie of all cyanobacteria

National bottom line

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

10 mn¥/L total biovolume of all cyanobacteria

>1.8 mn3/L biovolume equivalent gbotentially toxic
cyanobacteria OR

>10 mn¥/L total biovolume of all cyanobacteria

*The 80" percentile must be calculated using a minimum of 12 samples collected over 3 years. 30 samples collected ovg

is recommended.
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Value ‘ Ecosystem health

Freshwaterbody type

Rivers and streams

Attribute group

Southland attribute

Attribute name

Macroinvertebrates (wadeable rivers only)

Attribute unit

Macroinvertebrate Community Index (MCI)

Attribute band and description

Numeric Attribute State

3-year rolling mean

High quality environment where species composition is clos >120
natural state most of the time.

B
Good quality environment where human activities and 100 to 120
natural disturbances cause some loss of sensitive species.
Fair quality environment where moderatehighly tolerant 90 to 100
species dominate.

Proposed minimum acceptable state 90
<90

Notes:

1. This attribute table has beetleveloped using a combination of the receiving water quality standards
in the pSWLRwhich were based on supporting documentation in Ryder 2004 which was in turn based
on Stark 1998and a proposed NOF attribute table for MCI prepared for the Ministrytfer
Environment by Collier et al., (2014) (which was also based partly on Stark 1998). In addition, while the
A/B and B/C thresholds are based on the above references, the C/D threshold (i.e., the proposed
minimum acceptable state threshold) of an MCI scof 90 is reproduced from the draft NPSFM
NBft SFaSR F2NJ Lzt AO O2yadzZ il GA2y 6AGK D2BSNYYSylQ:

the reasons given below.

2. The proposed minimum acceptable state is 90, whereas the pSWLP has a minimum M &2doe o
GKS a[2¢6flyR {2FG .SR¢ OflaaArAFTAOIGAZ2Yd® ¢KS YAYAYds
bt {Ca oO0{SLISYOSNI uAMpO +FYR KIFIa 06SSy dzaSR KSNB 6S0I
protocol and actual stream bed substrate at the miajoof monitored locations defined as Lowland
Soft Bed class has been a hard bed sampling (and assessment protocol) in gravel habitats. Retaining
the minimum acceptable state of 90 is therefore considered most appropriate for the majority of
Environment 8 dzi Kf | Y RQ&a OdzZNNByife Y2yAG2NBR [26fl YR {27Fi
situations where due to naturally occurring characteristics the natural condition of some waterways
may be below an MCI of 90, for example in highly dystrophic (low pHybronganic content tannin

stained waters
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Value ‘ Human health for recreation

Freshwaterbody type

Primary contact in lakes and rivers

Attribute group

Southland attribute

Attribute name

Escherichia cofE.coli) at popular bathing sites

Attribute unit

E.col¥100 mL (number oE.coliper h

undred millimetres)

Attribute band and description

Numeric Attribute

State

95" percentile during the

bathing season

¢CKS YFENNIGAGBS FGdNROGdzdS &l

X Mon
B ]
Estimated risk of Campylobacter infection has a €.1.0% b mon yR X Hen
occurrence, 95% of the time.
C ]
Estimated risk of Campylobacter infection has a- 5% b wen FYR XK pnn
occurrence, 95% of the time.
National guideline for primary contact 540
> 540

-GS RS&AONRLIGAZ2Y |

dadzySa &3

*National bottom line proposed in the Essential Freshwater Packagptember 2019 mendments to the NSPFM

Notes:

This attribute table is derived from tHe. colitable for primary contact sites in the draft NPSFM released
F2N) Lzt A0 O2yadzZ GF A2y gAGK D2@SNYYSylishded®ia & Sy G Al f
attribute table has subsequently been included in the new NPSFM (2020) and the C/D threshold shown

KFra 06S02YS I aylidArzyl ¢t

p2GG2Y tAYSE 6A

®SP:I pnn

Pagel65

90 O



Value ‘ Ecosystem health

Freshwaterbody type

Rivers and streams

Attribute group

Southland attribute

Attribute name

Water temperature- summer

Attribute unit

°C (degrees Celsius)

Attribute band and description

Numeric Attribute State

Summer period measurement of the CButherford Index
(CRI), averaged over the five hottest déygsn inspection of
continuous record

XKXKmy c/

B

Minor thermal stress on occasion (clear days in summer)
particularly sensitive organisms suchcastain insects and fish

Bmyc/ YR Xunc/

C

Some thermal stress on occasion, with elimination of ceri
sensitive insects and absence of certain sensitive fish.

BHnc/ YR XHunc/

Proposed minimum acceptable state

24°C

>24°C

Notes:This attribute table is derived from Davi€slley et al., (2013).

Value

‘ Ecosystem health

Freshwaterbody type

Rivers and streams

Attribute group

Southland attribute

Attribute name

Water temperature- winter

Attribute unit

°C (degrees Celsius)

Attribute band and description

Numeric Attribute State

May to September (inclusive) maximum

Pass

KXKmmece /
Suitable for troutspawning areas
Proposed minimum acceptable state 11°C
>11°C

Notes:This attribute table is derived from the Appendix E standards in the pSWLP, which in turn came

from the Water Plan for Southland 2010.
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Value
Freshwaterbody type

‘ Human health for recreation

Rivers and streams

Attribute group

Southland attribute

Attribute name

Clarity (visual distance)

Attribute unit

Horizontal black disk viewing distance in m (metres)

Attribute band anddescription

Numeric Attribute State

lyydz f YSRAFY 2F al YL
B XxMmdc YR fodn
Suitable for recreational use.
C XxM®o YR fFmdc
Marginally suitable for recreational use.
Proposed minimumacceptable state 1.3
<13

Notes:This attribute table is derived from the clarity standards in Appendix E in the pSWLP, which in turn
came from the Water Plan for Southland 2010 and supporting documentation from 2@ai:f).

Value

Freshwaterbody type

Human health for recreation
Rivers and streams

Attribute group

Southland attribute

Attribute name

Cyanobacteria (benthic)

Attribute unit

% cover (percentage cover of river/stream bed)

Attribute band anddescription

Numeric Attribute State

Rolling 3 yeaMaximum

B ]
Low to moderate risk of health exposure or dog deaths fr XHA YR fon
benthic cyanobacteria.

C ]
Moderate to high risk ohealth exposure or dog deaths froi Xxon FyR fpn
benthic cyanobacteria.

Proposed minimum acceptable state 50
>50 OR

Dislodging anéccumulating mats

Notes:This attribute table is derived from the alert framework provided in section 3.5 oNihe Zealand
Guidelines for Cyanobacteria in Recreational Waténtéerim Guideline$MfE 2009).
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Value ‘ Ecosystem health

Freshwaterbody type

Rivers and streams*

Attribute group

Southland attribute

Attribute name

Filamentous algae

Attribute unit

% cover (percentage cover of river/stream bed)

Attribute band and description

Numeric Attribute State

Maximum

Pass

Filamentous algae >2c@2 @3S N&E o m: 2 7F

Proposed minimum acceptable state

30

Filamentous algae >2cm covers >30% of visible stream K

*Applies to lowland hard bed, hill and mountain classes only.

Note: this threshold is as appears in water quatitgndards in Appendix E to the proposed Southland Land
and Water Plan and was originally derived from the New Zealand Periphyton Guidelines (Biggs 2000).

Value Ecosystem health

Freshwaterbody type

Rivers and streams*

Attribute group

Southlandattribute

Attribute name

Diatoms and cyanobacteria

Attribute unit

% cover (percentage cover of river/stream bed)

Attribute band and description

Numeric Attribute State

Maximum

Pass

5ALG2Ya FyR Oely20l OGSNRAI
visiblestream bed

Proposed minimum acceptable state

60

Diatoms and cyanobacteria >0.3 cm thick covers >60%
visible stream bed

*Applies to lowland hard bed, hill and mountain classes only.

Note: this threshold is as appears in water quality standandsppendix E to the proposed Southland Land
and Water Plan and was originally derived from the New Zealand Periphyton Guidelines (Biggs 2000).
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Value

Freshwaterbody type

‘ Ecosystem health
Wadeable rivers and streams

Attribute group

Additionalindicator used in this report

Attribute name

Deposited finesediment (Quorer)

Attribute unit

g/m? (grams per square metre)

Attribute band and description

Numeric Attribute State

Maximum
Pass Xnpn
Proposed minimum acceptable state 450

Note: this threshold is derived frolBediment Assessment Methods: protocols and guidelines for assessing
the effects of deposited fine sediment orsiream valuegClapcott et al., 2011). This threshold has not yet
been proposed as a draft freshwater objve for Southland but is included here to allow a basis to compare
the current state of Southland Rivers against an established national guideline. At torigin&l drafting

some different draft national bottom lines for deposited fine sedimentl heen released with the Draft

bt{Ca & LINIHI 27

D2 BSNY Y Sy {Septemiser 208)Sifice Ithen the M@ K 6 | ( S N

NPSFM (2020) has been released with a further changed attribute table and bottom line for deposited fine
sediment; however that new attribute has not yet been assessed for Southland at time of writing. It is
anticipated the new NPSFM (20) deposited fine sediment attribute table will replace the table above in

due course.

Value

Freshwaterbody type

‘ Ecosystem health
Wadeable rivers and streams

Attribute group

Additionalindicatorused in this report

Attribute name

Deposited finesediment

Attribute unit

% cover

Attribute band and description

Numeric Attribute State

Maximum
Pass XKH 7
Proposed minimum acceptable state 20

Note: this threshold is derived frofBediment Assessment Methods: protocols and guidelines for assessing
the effects of deposited fine sediment orsineam valuegClapcott et al., 2011). This threshold has not yet
been proposed as a draft freshwater objective for Southland but is includesith allow a basis to compare

the current state of Southland Rivers against an established national guideline. At toriginél drafting

some different draft national bottom lines for deposited fine sediment lh@en released with the Draft

NPSFM aslpNIi 2 ¥

D2OBSNYYSyildQa

9 4SeBe/hbiek 20LY). SINEB théndte MEWNI t | O

NPSFM (2020) has been released with a further changed attribute table and bottom line for deposited fine
sediment; however that new attribute has not yet been assessedStmuthland at time of writing. It is
anticipated the new NPSFM (2020) deposited fine sediment attribute table will replace the table above in

due course.
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Value ‘ Ecosystem health

Freshwaterbody type Rivers and streams

Attribute group i?:]?tltlonalproposed national compulsory attribute requiring

Attribute name Dissolvednorganic nitrogen

Attribute unit DIN mg/L (milligrams per litre)

Attribute band and description Numeric Attribute State
Median 95" percentile
Kndun Xndpc
B
Ecological communities are slightly impacted by minor |
elevation above naturalreference conditions. If othe Bnodun | yR Bnodpc YR

conditions also favour eutrophication, sensitive ecosystems |
experience additional algal and plant growth, loss of sensi
macroinvertebrate taxa, and higher respiration and decay ra

C

Ecological communities are impacted by moderate |
elevation above natural reference conditions, but sensit
species are not experiencing nitrate toxicity. If other conditi( Bne®pn YR pmodmn | yR
also favour eutrophication, DIN enrichment may cay
increased algal andplant growth, loss of sensitivi
macroinvertebrate and fish taxa, and high rates of respirat
and decay.

Proposed national bottom line 1.0 2.05

>1.0 >2.05

Groundwater concentrations also need to be managed to ensure resurgence via springs and seepage does not degr
through DIN enrichment.

Numeric attribute state must be derived from the rolling median of monthly monitoring iveryears.
NoteY GKS FGdNROGdziS GFotS 020S Aa a2dz2NOSR FNBY GKS 5
Essential Freshwater Package (September 2&ifge then the new NPSFM (2020) has been released and
has not included an attribute table for DIN.
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Value ‘ Ecosystem health

Freshwaterbody type

Rivers and streams

Attribute group

Additional proposed national compulsory attribute requiring
limit

Attribute name

Dissolved reactive phosphorus

Attribute unit

DRP mg/L (milligrams per litre)

Attribute band and description

Numeric Attribute State

Median 95" percentile
Xnodnnc KndanHwm
B
Ecological communities are slightly impacted by minor [
elevation above natural reference conditions. If oth pndnnc | yR pbndnum | yR
conditions also favour eutrophication, sensitive ecosystems |
experience additional algal and plant growth, loss of sensi
macroinvertebrate taxa, and higher respiration and decay ra
Ecological communities are impacted by moderate [
elevation above natural reference conditions. If oth bV R LV R
conditions also favour eutrophicatiosensitive ecosystems mg bndnmn y bnonon y
experience additional algal and plant growth, loss of sensi
macroinvertebrate and fish taxa, and high rates of respirat
and decay.
Proposed national bottom line 0.018 0.054
>0.018 >0.054

Numeric attribute state must be derived from the rolling median of monthly monitoring over five years.

Note: the attribute table above is sourced from the Draft NPSFM relebs&éd LJ- NJi

2F D2@OSNYyYSyi

Freshwater Package (September 201Since then the new NPSFM (2020) has been released and has
included this same attribute table as shown above for DRP but without setting a national bottom line at the

C/D banahreshold.
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Value ‘ Ecosystem health

Freshwaterbody type Rivers and streams
Attribute group Southlandattribute
Attribute name Suspended fine sediment
Attribute unit Turbidity (FNU)
Attribute band and description Numeric Attribute State

1 2 3 4 5 6 7 8 9 10 | 11 | 12

A

Minimal impact of suspended sediment ¢
instream biota. Ecological communiti¢
are similar to those observed in natur
reference conditions.

B

Low to moderate impact ofuspended <2.5| <7.9 | <1.6| <3.9| <9.8 | <6.3| <2.8| <5.2| <1.4| <1.3| <1.3| <2.7
sediment on instream biota. Abundan(
of sensitive fish species may be reducec

C

Moderate to high impact of suspende <3.2| <10.5| <2.0| <4.8| <13.1| <8.3| <3.3|<6.4| <1.6| <5 | <1.6| <3.1
sediment on instream biota. Sensitive fi
species may be lost.

Proposed national bottom line 32| 105| 20| 48| 131 (83|33 |64 | 16| 15| 16 | 3.1

<0.2| <6.2 | <1.3|<33| <7.5|<4.8|<23|<43|<1.2|<11|<1.1|<2.4

>3.2| >10.5| >2.0| >4.8| >13.1| >8.3| >3.3| >6.4| >1.6| >1.5| >1.6| >3.1

The minimum record length for grading a site is two years of at least monthly samples (at least 24 samples).

See Table®n next 2 pagedor the definition of each suspended sediment class and its River Environment Classif]
composition.

Note: the attribute does not apply in the following rivers and streams due to naturally occurring processes:
1. Naturallyhighly coloured browswater streams;
2. Glacial flour affected streams and rivers;
3. Selected lakded REC classes (particularly warm climate classes) where high turbidity may reflect
autochthonous phytoplankton production (as opposed to organic/inorganic sedimerived
from the catchment).
Note: the attribute table above is sourced from the draft national bottom lines for suspended fine
ASRAYSY(d NBftSFaSR ¢AGK GKS 5NIFiG bt{Ca la LINIL 2F D
(September 20195ince then thenew NPSFM (2020) has been released with a further changed attribute
table and bottom line for suspended fine sediment; however that new attribute has not yet been assessed
for Southland at time of writing. It is anticipated the new NPSFM (2020) suspénéeskdiment
attribute table will replace the table above in due course.
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Value Ecosystem health

Freshwaterbody type Rivers and streams
Attribute group Southlandattribute
Attribute name Deposited fine sediment
Attribute unit % fine sedimentover
Attribute band and description Numeric Attribute State

1 2 3 4 5 6 7 8 9 | 10 | 11 | 12

A

Minimal impact of deposited fine sediment g <84 | <9 | <42 | <12 | <80 | <30 | <41 | <22 | <48 | <15| <76 | <27
instream biota. Ecological communities are sim
to those observed in natural reference conditions

B

Low to moderate impact of deposited fine sedimeg <90 | <15 | <50 | <17 | <86 | <38 | <48 | <33 | <54 | <22 | <82 | <36
on instream biota. Abundance of sensiti
macroinvertebrate species may be reduced.

C

Moderate to high impact ofieposited fine sedimen| >Xdp| XH | Xc | XH | XKdp| XKn | Xp | XKn | XKc | XKH | XKy | XKn
on instream biota. Sensitive macroinvertebra

species may be lost.
Proposed national bottom line 97 | 21 | 60 | 23 | 92 | 46 | 56 | 45 | 61 | 29 | 89 | 45

>97 | >21| >60 | >23| >92| >46 | >56 | >45 | >61 | >29 | >89 | >45

The indicator score is percentage cover of the streambed in a run habitat determined by the instream visual method, SA
the monitoring method is definedth p. 1720 of Clapcott, J.E.p¥ng, R.G., Harding, J.S., Matthaei, C.D., Quinn, J.M. and [
R.G. (2011pediment Assessment Methods: Protocols and guidelines for assessing the effects of deposited fine sedim
stream valus. Cawthron Institute, Nelson, New Zealand.

The minimum recorded length for grading a site is 24 samples taken gear2 of monthly monitoring, or longer for sites whe
flow conditions only permit monthly monitoring seasonally.

See Tablesnnext2page¥ 2 NJ 1 KS RSFAYAGA2Y 2F SIOK OflaaQ wA@SNI 9y

Note: the attribute table abovés sourced from the draft national bottom lines for deposited fine
ASRAYSYy(l NBftSFASR ¢gAGK GKS 5NIFd bt{Ca Fa LINIH 2F
(September 20195ince then the new NPSFM (2020) has been released with a further changeadtattrib

table and bottom line for deposited fine sediment; however that new attribute has not yet been assessed

for Southland at time of writing. It is anticipated the new NPSFM (2020) deposited fine sediment attribute
table will replace the table above in deeurse.
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Sediment classification tables

Note: the tables below apply to the suspended fine sediment and deposited fine sediment attribute tables
on the 2 pages above; they were sourced from the Draft NPSFM (September S01t®).then the new
NPSFM2020) has been released with new classification tables that will replace those shown on the 2 pages
below in due course.

Suspended Sediment Clas# Suspended sediment REC groups

1 WW_Low_VA; CW_Low_VA
WD_Low_Al

CD_Low_HS

CW_Low_SS
WW_Low_SSAVD_Low_SS
WW_Low_HS

CD_Low_Al; CW_Hill_VA
CD_Low_SS

CW_Hill_HS; CD_Hill_ HS; CW_Low_Al
CW_Lake_Any
CW_Low_HS
CW_Mount_HS; CW_Hill_SS

OO | N[O~ |WIDN

(=Y
o

=
=

[y
N

Deposited Sediment Class| Deposited sediment REC groups
1 WD_Low_VA; WD_Low_Al

2 WW_Hill_HSCW_Mount_VA

3 CW_Lake_Any; CW_Low_Al; CD_Hill_SS

4 CW_Mount_SS

5 WD_Low_SS

6 WW_Low_VA; WW_Low HS; CD_Low_VA; CD_hi
CD_Low_HS

WW_Low_SS; CD_Low_SS; CD_Low_Al

WW_Lake_Any

WD_Low_HS

WW_HIill_VA; CW_Hill_HS; CW_Low_HS; CW_Moun

10 CW_HIill_SS; CW_Hill_Al; CD_Mount_HS; CW_Mount_Al
11 WW_Low_Al
12 CW_Hill_VA; CW_Low_VA; CW_Low_SS; CD_Hill_HS
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REC Variable REC Values SSC abbreviation
Climate WarmWet WarmWet (WW)
WarmExtremely Wet

Warm-Dry WarmDry (WD)
ColdWet ColdWet (CD)
ColdExtremely Wet
ColdDry ColdDry (CD)
Lowland Lowland (Low)
Lakefed Lakefed (Lake)
Topography (source of flow Hill Hill (Hill)
Mountain Mountain (Mount)

Glacial Mountain

Soft Sedimentary

Plutonic Volcanic

Miscellaneous

Soft Sedimentary (SS)

Geology

Hard Sedimentary

Hard Sedimentary (HS)

Alluvium

Alluvium (Al)

Volcanic Basic

Volcanic Acidic

Volcanic (VA)
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Value ‘ Ecosystem health

Freshwaterbody type

Wadeable rivers and streams

Attribute group

Additional proposed national compulsory attribute requiri

an action plan

Attribute name

Macroinvertebrates

Attribute unit

Macroinvertebrate Community Index (MCI) score; Quantitat
Macroinvertebrate Community Index (QMCI) score

Attribute band anddescription

Numeric Attribute State

QMCI MCI
Macroinvertebrate community indicative of pristine conditio Xc ®p KMmon
with almost no organic pollution or nutrient enrichment.
Macroinvertebrate community indicative of mild organ Xp®p YR ¥ xMmn YR f
pollution or nutrient enrichment. Largely composed of ta
sensitive to organic pollution/nutrient enrichment.
Macroinvertebrate community indicative of moderate orgat Xxn®p FyR ¥ Xdn YR fN
pollution or nutrient enrichment. There is a mix of taxa sensif
and insensitive to organic pollution/nutrient enrichment.
Proposed national bottom line 4.5 90
<4.5 <90

Nelson, New Zealand.

Al.1in Clapcott et al. 2017.

MCI and QMCI scores to be determined using annual samples taken between December and March inclusive with eif
counts with at least 200 individuals, or full counts, and with auretate calculated as the fivgear rolling average score. All sit
in Deposited Sediment Classes 1, 5, and 11 are to ussetifnent sensitive scores and taxonomic resolution as defined in 1
Al.1in Clapcott et al. 20Macroinvertebrate metricéor the National Policy Statement for Freshwater Managem&#wthron:

MCI and QMCI to be assessed using the method defined in Stark JD, Maxted, JR R8@7 guide for the Macroinvertebra
Community Index Prepared for théMinistry for the Environment. Cawthron Report No. 1166.58, except for sites in depd
sediment classes 1, 5 and 11, which require use of thessafiment sensitivity scores and taxonomic resolution defined n T|

Note:i KS FGGNAROdzGS Gl of S

F623S Aa

a2dzNDSR TNRY (KS 5NI

Freshwater Package (September 201Since then the new NPSFM (2020) has been released and has

included this same attribute table as shown above.
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Value ‘ Ecosystem health

Freshwaterbody type Wadeable rivers and streams

Additional proposed national compulsory attribute requiri

Attribute group an action plan

Attribute name Macroinvertebrates
Attribute unit Macroinvertebrate Average Score Per Me(SPM)
Attribute band and description Numeric Attribute State
ASPM score
Macroinvertebrate communities have high ecological integr Xnodc
similar to that expected in reference conditions.
B

Macroinvertebrate communities have mitd-moderate losof fFadc FyR xnon

ecological integrity.

Macroinvertebrate communities have moderate-severe losg Fanen YR xndo
of ecological integrity.
Proposed national bottom line 0.3

<0.3

ASPM scores to be determined using annual samples taken between December and March (inclusive) with either fixe
with at least 200 individuals, or full counts, and with current state calculated as theyfrrolling average score. All sites
Deposited Sediment Classes 1, 5, and 11 are to usesadiinent sensitivity scores and taxonomic resolution is defined in T
Al.1in Clapcott et al. 20MMacroinvertebrate metrics for the National Policy Statement for Freshwater Manager@avtthron:
Nelson, New Zealand.

When normalising scores for the ASPM, use the following minimums and maximumsabtBBance (€L00), EPFichness (0
29), MCI (00). Collier, K. J. (200&)verage score per metric: an alternative metric aggregation methoadsessing Wadeabl
stream health New Zealand Journal of Marine and Freshwater Research, 42(437867

NoteY (GKS | GdNRGdzGS dFo6fS 10205 Aa a2d2NOSR FTNBY (KS 5
Freshwater Package (September 201Since then the new NPSFM (2020) has been released and has
included this same attribute table as shown above.

Pagel77



Value ‘ Ecosystem health

Freshwaterbody type Wadeable rivers and streams

Additional proposed national compulsory attributequiring

Attribute group an action plan

Attribute name Fish
Attribute unit Fish Index of Biotic Integrity4{BI)
Attribute band and description Numeric Attribute State
Average
X0 n
B ]
Moderate integrity of fish community. Habitat and/or migrato Fon YR xHy

access are reduced and show some signs of stress.

C

Low integrity of fish community. Habitat and/or migrato FHY FYR XMy
access is considerably impairing and strestiiegcommunity.

Proposed national bottom line 18

<18

Sampling is to occur at least annually between December and March (inclusive) following the protocols for at least on
backpack electrofishing method, spotlighting method, or trapping method in Joy M, David B, and Lake MN2@1Zealand
Freshwaer Fish Sampling Protocols (Part 1): Wadeable rivers and str&aimerston North, New Zealand: Massey Universit]

The FIBI score is to be calculated using the general method defined by Joy M. K., & Death, R. GA@08@z8tion of the Inde
of Bioticlntegrity Methodology to New Zealand Freshwater Fish CommuniEesironmental Management, 34(3), 4488. but
will exclude salmonids.

NoteY G KS FGGNROGdzIS GFotS 1620S Aa az2d2NOSR FNBY GKS
Freshwater Package (September 201Since then the new NPSFM (2020) has been released and has
included this same attribute table as shown abdee~IBI but without setting any national bottom line at

the C/D band threshold.
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Value ‘ Ecosystem health

Freshwaterbody type

Rivers and streams

Attribute group

Additional proposed national compulsory attribute requiri
an action plan

Attribute name

Dissolved oxygen

Attribute unit

mg/L (milligrams per litre)

Attribute band and description

Numericattribute state

7-day mean minimum 1-day mean minimum
Xy ®n XT @p
B
Occasional minor stress on sensitive organisms causstidry by E by E
periods (a few hours each day) of lower dissolved oxygen. XT ®n YR f Xpon YR f
of reduced abundance of sensitive fish and macroinvertebi
species.
Moderate stress on a number of aquatic organisms cause| Xpodn | yR xnon | yR
dissolved oxygen exceeditgerance levels. Likelihood of loc
extinctions of keystone species and loss of ecological integr
Proposed national bottom line 5.0 4.0
<5.0 <4.0

Sevenday continuous dissolved oxygen monitoring to be collected at least once during summer (December tonklasibe)).

Objectives apply yeaound.

NoteY G KS | GGNMNOGdzi S

ilrofs$s

62038 A& a42d2NDODSR FTNRY

Freshwater Package (September 201Since then the new NPSFM (2020) has been released and has

includedthis same attribute table as shown above.
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Value ‘ Ecosystem health

Freshwaterbody type

Rivers and streams

Attribute group

Additional proposed national compulsory attribute requiri
an action plan

Attribute name

Ecosystem metabolism (Both Gross Primary Production
Ecosystem Respiration)

Attribute unit

gOm2d? (grams of dissolved oxygen per square metre
day)

Derived from at least seven days of continuous dissolved oxygen monitoring to be colletéedtatnce during summe
(December to March inclusive), using the method of Young R.G., Clapcott, J. E., Simon, K. 2016. Ecosystem fur
stream health. Advances in New Zealand Freshwater Science. NZ Freshwater Sciences Society, NZ Hydietggical

Note: Councils are to monitor, and develop an action plan to respond to deteriorating trends.

NoteY GKS FGGNROGdzIS dGFotS 1620S Aa az2d2NOSR FNBY GKS
Freshwater Package (September 201Sihcethen the new NPSFM (2020) has been released and has

included this same attribute table as shown above.
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Appendix3: Lake Attribute State Option Tables

Value Ecosystem health

Freshwaterbody type Lakes
Attribute group National compulsory attribute
Attribute name Phytoplankton
Attribute unit mg chta/m? (milligrams chlorophyda per cubic metre)
Attribute band and description Numeric attribute state
Annual median Annual maximum

XKH KM n

B

Lake ecological communities are slightly impacted by additional bH YR X pbmn I yR
and/or plant growth arising from nutrient levels that are elevated abg
natural reference conditions.

C

Lake ecological communities are moderately impacted by additional . .

and plant growth arising from nutrient levels that are elevated well ab bp yR X brp YR
natural reference conditions. Reduced water clarity is likely to af
habitat availabldor native macrophytes.
National bottom line 12 60
>12 >60

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

For lakes and lagoons that airgermittently open to the sea, monitoring data should be analysed separately for closed p¢
and open periods.
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Value Ecosystem health

Freshwaterbody type

Lakes

Attribute group

National compulsory attribute

Attribute name

Total phosphorus

Attribute unit

mg/ m? (milligrams per cubic metre)

Attribute band and description

Numeric attribute state

Annual median

Xm

B

Lake ecological communities are slightly impacted by additional gkl
plant growth arising from nutrient levels that are elevated above nati
reference conditions.

BmMn YR Xun

C

Lake ecological communities are moderately impacted by additional
and plant growth arising from nutrient levels that are elevated well ab
natural reference conditions.

BHn YR Xpn

National bottom line

50

>50

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 separately for clodedapdrapen

periods.
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Value Ecosystem health

Freshwaterbody 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 Annualmedian
Seasonally SFratified and Polymictic
Brackish
XMc n Ko nn
B

Lake ecological communities are slightly impacted by additional Bmcn | yR Bonn | yR

and/or plant growtharising from nutrient levels that are elevated abo
natural reference conditions.

C

Lake ecological communities are moderately impacted by additional .
and plant growth arising from nutrient levels that are elevated abtve bopn FyR
natural reference conditions. Reduced water clarity is likely to af
habitat available for native macrophytes.

National bottom line 750 800

) Bpnn | yR

>750 >800

Recommended imimum 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 separately for clogec
and open periods.
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Value Ecosystem health

Freshwaterbody type Lakesand rivers
Attribute group National compulsory attribute
Attribute name Ammonia toxicity
Attribute unit mg NH:-N/L (milligramsammoniacalnitrogen per litrg
Attribute band and description Numeric attribute state
Annual median Annualmaximum
Xndno Xnonp
B ] ]
95% species protection level: Starts impacting occasionally on th bneno I yR bnenp I yR
most sensitive species
80% species protection lev&tarts impacting regularly on the 20% mq bneuwn | yR bnenna | yR
sensitive species (reduced survival of most sensitive 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 monthly samplingv{rere&.
sample is missed the state may be determined over a longer time period.

Compliance with the numericaltribute states should be undertaken after pH adjustment

! Note theNPSFM (2020) revised the national bottom lineormoniatoxicity in rivers and lakes upwards
to the B/C threshold
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Value ‘ Ecosystem health

Freshwaterbody type

Lakes and lakéedrivers

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

Xn @ p3/L Wiavolume equivalent for the combined total of §
cyanobacteria

B

(from any contact with freshwater).

bno®p |y RIL biomolime eqiivalent for the combineg
Low risk of health effects from exposure to cyanobacteria (ft total of all cyanobacteria
any contactwith fresh water)
C Bmdn |y RIL Biomokigne efiivalent ghotentially toxic
Moderate risk of health effects from exposure to cyanobacte cyanobjclcterla OR )
Bmadn |y BL tokmbiovolGive of all cyanobacteria

National bottom line

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

10 mn?/L total biovolume of all cyanobacteria

>1.8 mny/L biovolume equivalent of potentially toxic
cyanobacteria OR

>10 mnY/L total biovolume of all cyanobacteria

Recommended dateeguirements are 30 samples over 3 years with a minimum requirement of 12 samples over 3 years.
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Value ‘ Human health for recreation

Lakes and rivers

Freshwaterbody type

Attribute group

National compulsory attribute

Attribute name

Escherichia cofE.coli)

Attribute unit

E.coli100 mL (number oE.coliper hundred millitres)

Attribute band and description

Numeric attribute state

%

%

Median g5h
exceedances| exceedances . .
over 540 over 260 concentration| percentile of
cfw/100 mL | cfu/100 mL (cfu/100 mL) | E.colil00 mL
A
For at least half the time, the estimated risk is <1 in 1,000 (<( <5% <20% Kmon Kpnon
risk). The predicted average infection risk is 1%*.
B
For at least half the time, the estimated risk is <1 in 1,000 (<( > © 10% 20 to 30% KMo N Kmz nn
risk). Thepredicted average infection risk is 2%*.
C
For at least half the time, the estimated risk is <1 in 1,000 (< 1010 20% | 2010 34% Kmo n KMZ H A
risk). The predicted average infection risk is 3%*.
D
20 to 30% of the timei K S  SaGAYE G SR Nay 20030% >34% >130 >1,200
risk). The predicted average infection risk is >3%*.
>30% >50% >260 >1,200

* The predicted average infection riskthe overall average infection to swimmers based on a random exposure on a rando
ignoring any possibility of not swimming during high flows or when a surveillance advisory is in place (assaintiregihcoli
concentration follows a lognormal distribution). Actual risk will generally be less if a person does not swim duringusigh flg

L Attribute state should be determined by using a minimum of 60 samples over a maximum of 5 years, collected on a reg|
regardless of weather and flow conditions. However, where a sample has been missed due to adverse weather or error,

state may be determined using samples over a longer timeframe.

2 Attribute state must be determined by satisfying all numeric attribute states.

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

determined over a longer time period.
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Value ‘ Human health for recreation

Freshwaterbody type

Primary contact in lakes and rivers

Attribute group

Southland attribute

Attribute name

Escherichia cofE.coli) at popular bathing sites

Attribute unit

E.col¥100 mL (number oE.coliper hundred millimetres)

Attribute band and description

Numeric attribute state

95" percentile during the bathing season

X mon

B

Estimated risk of Campylobacter infection has a €.1.0%
occurrence, 95% of the time.

B Mon YR X Hcnh

C

Estimated risk of Campylobacter infection has a- 5%
occurrence, 95% of the time.

B Hcn YR X pnn

National guideline for primarycontact

540

> 540

¢CKS YyFENNIGAGS FGGadNROGdzGS &adl

*National bottom line proposed in the Essential Freshwater Packagptember 2019 mendments to the NSPFM

S RSAONRLIIAZ2Y | aadzySa &

Notes:

This attribute table is derived from tHe. coltable for primary contact sites in the draft NPSFM released for

LJzot AO Oz2yadzZ Gl GA2Y SAGK D2OSNYYSyildQaltiro@dtyisi A f  CN.
attribute table has subsequently been included in the new NPSFM (2020) and the C/D threshold shown has
0S02YS | aylaAazylt o62G602Y ftAYySé 6APSPT pnn 9@ O2f Ak
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Value ‘ Ecosystem health

Freshwaterbody type Lakes
Attribute group Southlandattribute
Attribute name Trophic state (TLI)
Attribute unit Trophic Level Index (TLI) score (as either*TanJ LI4)
Attribute band and description Numeric attribute state
3-year mean (of annual TLI score)

MKH
Xo
B )
Mesotrophic The lake has moderate levels of nutrients 3 Bo FyR Xn

algae.

C

Eutrophic The lake is green and murky, with higimounts of bn YR XKp
nutrients and algae.

Proposed minimum acceptable state 5

>5

Recommended minimum data requirements are 3 years of monthly sampling
* TLI3 iqused in preference to TLI4 when there are no reliable clarity measures e.g. where a mixture of horizontal and
secchi depth is used.
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Value ‘ Ecosystem health

Freshwaterbody type Lakes
Attribute group Southland attribute
Attribute name Macrophytes
Attribute unit % cover (percentage cover of available habitat)
Attribute band and description Numeric attribute state
Annual maximum
XT JE:
B ]
Macrophyte andecological communities are slightly impact Xpn FYR T2
from natural conditions.
Ecological communities are moderately impacted from natt XHA FYR fprE:
conditions.
Proposed minimum acceptable state 20
<20%

Numeric dtribute 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. Some clarity willbee
RS@PSt 2LISR I NP dzy RK HKI&KSEH IIENNT R o Ad2padSaidSyid YSGK2R aLISO)
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Value ‘ Ecosystem health

Freshwaterbody type Lakes
Attribute group Southland attribute
Attribute name Trophic state (LakeSPI)
Attribute unit LakeSPI Index (%)
Attribute band and description Numericattribute state
LakeSPI Index (% of maximum potential score)

X N

XTp YR § cdn

B -

Good ecological health.

C .

Moderate ecological health.

Proposed minimumacceptable state 20

<20

Numeric attribute state to be calculated annually following the method described in Clayton J, and Edwards TLaRe8®l: A
method for monitoring ecological condition in New Zealand Lakéser Manual Version 2. Hamilton, New Zealand: Natid
Institute of Water & Atmospheric Research Ltd.
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Value ‘ Ecosystem health

Freshwaterbody 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
XKm P n XM Pp
B . -
bmdn FyR ) bmdp YR )
Some growth effect on up to 5% of species.
C v v
Some growth effects on up to 20% of species (mainly sensg bren FyR ) boep FyR >
species such as fish). No acute effects.
Proposed minimum acceptable state 6.9" 9.8
>6.9 >0.8

Recommended minimum dat@quirements are 3 years of monthly sampling (n=36).

1 Note theNPSFM (2020) revised the national bottom line for nitrate toxicity in rivers and lakes upwards to
the B/C threshold
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Value ‘ Ecosystem health

Freshwaterbody type

Lakes

Attribute group

Additional proposed national compulsory attribute requiri
an action plan

Attribute name

Submerged plants (natives)

Attribute unit

LakeSPI (native condition ind€%p)

Attribute band and description

Numeric attribute state

LakeSPI (native conditiamdex) (% of maximum potential
score)

>75

B

High ecological condition. Native submerged plant communi
are largely intact.

Bpn FyR XTp

C

Moderate ecological condition. Native submerged ple XHES YR Kpn
communities are moderately impacted.
Proposed national bottom line 20
<20

Monitoring to be conducted at least once every three years,

LakeSPI: A method for monitoring ecological condition in New Zealand WW®sManual Version 2. Hamilton, New Zeald

National Institute of Water & Atmospheric Research Ltd p57.

Scores are reported as a percentage of maximum potential
state receive scores of 0.

following the method described in Clayton J, and Edwards

score (%) of the Native Condition Index, and lakes in a de

Note: the attribute table above is sourc&INR Y (G KS 5NIF Fi bt {Ca NBfSIFaSR | a
Freshwater Package (September 201Since then the new NPSFM (2020) has been released and has

included this same attribute table as shown above
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Value ‘ Ecosystem health

Freshwaterbody type

Lakes

Attribute group

Additional proposed national compulsory attribute requiri
an action plan

Attribute name

Submerged plants (invasive speci@)

Attribute unit

LakeSPI (invasive impact index)

Attribute band and description

Numeric attribute state

LakeSPI (invasive impact index) (% of maximum potenti

score)

0
Invasive plants having only a minor impact on native vegetat by E
Invasive plants will bpatchy in nature ceexisting with native XM YR XKHp
vegetation. Often major weed species not present or in €i
stages of invasion.
Invasive plants having a moderate to high impact on na XHC YR Xdn
vegetation. Native plant communities likely displaces
invasive wee beds particularly in theg® m depth range.

Proposed national bottom line 90
>90

Numeric attribute state to be calculated annually following the method described in Clayton J, and Edwards TL.aRe6®l: /
method for monitoring ecological condition in New Zealand Lakéser Manual Version 2. Hamilton, New Zealand: Nati

Institute of Water & Atmospheric Research Ltd p57.

NoteY G KS | GGNNOGdzi S

ilroefts

62088 A& a42d2NDODSR FNRY G(GKS

Freshwater Package (September 201Since then the new NPSFM (2020) has been released and has
included this same attribute table as shown above.
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Value ‘ Ecosystem health

Freshwaterbody type

Lakes

Attribute group

Additional proposed national compulsory attribute requiri
an action plan

Attribute name

Dissolved oxygen (lake bottom)

Attribute unit

mg/L (milligrams per litre)

Attribute band and description

Numeric attribute state

Measured or estimated annual minimum

To be measured less than 1m above sediment surface at the deepest part of the lake using either contionitaring sensors

or discrete DO profiles

Recommended minimum data requirements for numeric attribute state are 3 years of monthly sampling (n=36)

XT ®p
B ]
Minimal risk from bottom dissolved oxygen of biogeochemi XKH®n YR £T®p
conditions causing nutrient release from sediments.
C ]
Risk from bottom dissolved oxygen of biogeochem Xnep FYyR fH®n
conditions causing nutrient release from sediments.
Proposednational bottom line 0.5
<0.5

NoteY G KS | G0GNMNOGdzi S

ilrofs$s

62088 A& a42d2NDODSR FNRY G(GKS

Freshwater Package (September 201Since then the new NPSFM (2020) has been released and has
included this same attribute table as shown above.
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Value ‘ Ecosystem health

Freshwaterbody type Seasonally stratifying lakes

Additional proposed national compulsory attribute requirin

Attribute group an action plan

Attribute name Dissolved oxygen (mildlypolimnetic)
Attribute unit mg/L (milligrams per litre)
Attribute band and description Numeric attribute state

Measured or estimated annual minimum

XT ®p

B

Minor stress on sensitive fish seeking thermal refuge in XH®n YR fT®p
hypolimnion. Minor risk of reduced abundance of sensitive |
and macroinvertebrate species.

C

Moderate stress on sensitive fish seeking thermal refuge in
hypolimnion. Risk of sensitive fish species being lost.

Xndp YR fHOA

Proposed national bottom line 0.5

<0.5

Numeric attribute state to be measured using either continuously monitoring sensors or discrete dissolve oxygen profileg

Recommended minimum data requirements for numetttibute state are 3 years of monthly sampling (n=36)

NoteY GKS FGGNROGdzIS GFotS 16208S Aa az2d2NOSR FNBY GKS
Freshwater Package (September 201Sihce then the new NPSFM (2020) has been released asd h
included this same attribute table as shown above.
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Appendix4: Estuary Attribute State Option Tables

Value Ecosystem health

Freshwaterbody type Estuaries and open coast

Attribute group Southland attribute

Attribute name Phytoplankton

Attribute unit mg chta/m? (milligrams chlorophyh per cubic metre)
Attribute band and description Numeric attribute state

Estuaries (less

Coastal waters | Estuaries (saliné) )
saline}

90" percentile?

8.5 % s

B

Estuary ecological communities are slight
impacted by additional algal and/or play
growth arising from nutrient levels that ar
elevated above natural reference conditions.

C

Estuaryecological communities are moderate
impacted by additional algal and plant grow
arising from nutrient levels that are elevate
well above natural reference condition
Reduced water clarity is likely to affect habit
available for native macrophytes

>351 Y ROX|  >4F y R X = 8l y R2 XM

>7.0 Yy R0O.5K >8l Y R2 X >H | YR

Proposed minimum acceptable state 10.5 12 16

>10.5 >12 >16

*Chlorophylla from representative sites of estuary water column
! Coastal waters and saline estuaries are defined by having salinity >30 ppt and less saline estuaries
salinity.

2 based on monthly measurements over 3 years.
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Value Ecosystem health

Freshwaterbody type

Estuaries and open coast

Attribute group

Southland attribute

Attribute name

Toxicants in sediment

Attribute unit

mg/kg (milligrams perkilogram dry
weight)

Attribute band and description

Numeric attribute state

Median
XHp’z: 2F 5Dz%
B - i
: , . BHp FYyR XKpm:
Low risk of harm to aquatic species
C Bpn YR Xvmnm:
<10% probability of harm to aquatic species
Proposed minimum acceptable state 100% of DGV
>100% of DGV

The numeric attribute state is based on the ANZECC interim Default Guideline Value (DGV) and in the
quality guidelines (2018)https://www.waterquality.gov.au/anzmyuidelines/quidelinevalues/default/sediment

quality-toxicants

As at October 2019, the DGV for toxicaimtsediment are:

Antimony DGV is 2.0 mg/kg
Arsenic DGV is 20 mg/kg
Cadmium DGV is 1.5 mg/kg
Chromium DGV is 80 mg/kg
GopperDGMs 65mg/kg
Lead DGV is 50 mg/kg
Nickel DGV is 21 mg/kg
Silver DGV is 1.0 mg/kg
Zinc DGV is 200 mg/kg

to geology.

1Upto three years of da. Note that background concentrations mayraurallyelevated in some areas due
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https://www.waterquality.gov.au/anz-guidelines/guideline-values/default/sediment-quality-toxicants
https://www.waterquality.gov.au/anz-guidelines/guideline-values/default/sediment-quality-toxicants

Value Ecosystem health

Freshwater Body Type Tidal lagoon estuaries (SIDES) ¢
tidal river estuaries (SSRTRE)
Attribute group Southland attribute
Attribute name Mud content
Attribute unit % mud content*
Attribute band and description Numeric Attribute State
3-year mediad

Xp

B

Minor stress on aquatic organisms, particularly sensitive species.

C

Moderate stress on a number of aquatic organisms and risk of s Bmp YR KH
species being lost.

Proposed minimum acceptable state 25

>25

*Measurement applies to individual sites within an estuary. Criteria to ensure monitoredaséeglequately|
representative of the estuary are to be developed.

1To be based on an annual monitoring regime.
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Value Ecosystem health

Freshwater Body Type Tidal lagoon estuaries (SIDES) and t
river estuaries (SSRTRE)
Attribute group Additional attribute
Attribute name Mud extent
Attribute unit m? of intertidal area
Attribute band and description Numeric Attribute State
Comparison to baseline monitoring
Pass
No likely further deterioration of ecology due to increased m Decrease or no change

cover.

Increase

Muddiness is defined as having >25% mud content.
1 Change is calculated from earliest available monitoring assessment.

Note that no bottom line has beegproposed as it is difficult to establish the spatial coverage of mud that is
excessive along with reference conditions. Therefore, this attribute may be more suited as a narrative or for
the formation of a target.
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Value Ecosystem health

FreshwaterBody Type Tidal lagoon estuaries (SIDES) and tidal n
estuaries (SSRTRE)
Attribute group Southland attribute
Attribute name Sedimentation rate
Attribute unit mm/year (millimetres per year)
Attribute band and description Numeric Attribute State
Slopé
Pass i B b{w
No discernible effect on ecology.

>2 + NSR

Trend slope tested to determine if statistically significantly different (90%) from 2 mm/y + natural state
Slope determined from aplate data points for the site. Minimum of 5 years to be used to determine sl
Sites are >25% mud content. Rate may be calculated from post significant erosion events and periods.

’Natural State rate; for SSTRE 0.2mm/yr and SIDES 1mm/yr.

Note that Tavnsend and Lohrer (2015) propose a default guideline value of 2mm per year above the natural
sedimentation rate. This is based on evidence that shows adverse effects on ecology. One of the supporting
studies (Lohrer et al. 2004a) assessed ¢ffects of tte thickness of mud deposit on the invertebrate
community and found negative impacts from increasing deposited mud thickness on diversity (number of
taxa) and number of individuals. This would suggest that the attribute proposed may be towards the top of
any banding. The Lohrer et al. (2004a) study experimented with deposits up to 7mm in thickness, thus the
lowest banding is not likely to be more than 10mm/yr for SIDEs or SSTREs. It is also worth noting that there
will be multistressors (such as pH, nutriezoncentration and organic matter content) having an effect. In

the absence of a banding system this attribute may be more suited as a narrative and should be considered

further.
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Value ‘ Ecosystem health

Tidal lagoon estuariegSIDES) and tidal rivg

Freshwaterbody type estuaries (SSRTRE)
Attribute group Southland attribute
Attribute name Sediment oxygen levels

aRPD mm (depth of apparent Redox Poten

Attribute unit Discontinuity in millimetres)

Attribute band and description Numericattribute state
Median

X0 N

XHnN YR fon

B

Moderate stress on a number of aquatic organisms excee! XMNn FYR fFHN
preference levels for some species. A moderate risk of lo
sensitive macroinvertebrate species due to oxygen stress

C

Significant, persistent stress on a rangaraicroinvertebrates. Xp FYR fwmn
A likelihood of local extinctions of keystone species and los
ecological integrity

Proposed minimum acceptable state 5

<5

1 Measurement applies to individual sites within an estuary with a minimum of 10 measurements per site.

Measurements should be taken by skilled and experienced personnel. aRPD is a variable measure between
and care is needed when analysing data from more than provider.
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Value Ecosystem health

Freshwater Body Type Tidal lagoonestuaries (SIDES) and tig
river estuaries (SSRTRE)

Attribute group Southland attribute

Attribute name Gross eutrophic zone

Attribute unit GEZ

Attribute band and description Numeric Attribute State
% cover across Area (ha)
intertidal area

KM Xn dp

B

Within zones high stress on aquatic organisms and loss of habitat. N bm FyR bnep Iy
impact on aquatic organisms outside these zones.

C

Within zones high stress on aquatic organisms and loss of hal bp YR bp YR
Moderate impact on aquatic organisms outside these zones. High ri
GEZ areas expanding and becomingssifforcing.

Proposed minimumacceptable state 10 20

>10 >20

'D9% Ad RSTAYSR Fa INBlFIa O2yaratAy3da 2F BuHp: YdzZRRA
This definition may be reviewed if substantial areas of hydrogen sulphide toxicity prohibit macroalgae growth.

The numeric bands proposed ini¢ table are not based on literature thresholds. Nominal values have been proy
based on premise that any GEZ area in an estuary constitutes degradation.
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Value Ecosystem health

Freshwater Body Type Tidal lagoon estuaries (SIDES) and t
river estuaries (SSRTRE)

Attribute group Southland attribute
Attribute name Macroalgae cover and biomass
Attribute unit EQR (Ecological Quality Rating)
Attribute band and description Numeric Attribute State

Index

xXn by

B ]

Ecological communities are slightly impacted. Algal growth Xxnoc FyR fnd

opportunistic species limited.

C

Ecological communities are strongly impacted. Algal growth
opportunistic speciekigh.

¥xnen FyYyR fnad

Proposed minimum acceptable state 0.4

<0.4

1 Described and explained by Estuary Trophic Index Tool 2 (Robertson et al. 2016).
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Value ‘ Human health for recreation

Estuaries and open coast

Freshwaterbody type

Attribute group

Southland attribute

Attribute name

Escherichia colE. colj

Attribute unit

E. coli100 mL (number oE.coliper hundred millilitres)

Attribute band anddescription

Numeric attribute state? 3

%

%

Median 95" percentile
exceedancey exceedances .
concentration| of E. colil00
over 540 over 260 (cfu/100 mL) mL
cfu/100 mL | cfu/100 mL
A
For at least half the time, the estimated risk is <1 in 1,000 (<( <5% <20% Kmon Kpnon
risk). The predicted average infection risk is.1%
B
For at least half the time, the estimated risk is <1 in 1,000 (<( > ©10% | 201030% Km0 7 Kmz nn
risk). The predicted average infection risk is.2%
C
For at least half théime, the estimated risk is <1 in 1,000 (<0.] 1010 20% | 2010 34% Kmo n KMZHA
risk). The predicted average infection risk is.3%
D
risk). The predicted average infection risk is 3%
>30% >50% >260 >1,200

3 Attribute state must be determined by satisfying all numeric attribute states.

1 The predicted average infection riskthe overall average infection to swimmers based on a random exposure on a rando
ignoring any possibility of not swimming during high flows or when a surveillance advisory is in place (assumingBEhabli
concentration follows a lognormal digution). Actual risk will generally be less if a person does not swim during high flows

2 Attribute state should be determined by using a minimum of 60 samples over a maximum of 5 years, collected on a regt
regardless of weather and flow conditions. However, where a sample has been missed due to adverse weather or error,
state may be determined using samples over a longer timeframe.
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Value ‘ Human health for recreation

Freshwaterbody type Primary contact in estuaries and open coast
Attribute group Southland attribute
Attribute name Escherichia cofE. colj at popular bathing sites
Attribute unit E. coli100 mL (number oE.coliper hundred millilitres)
Attribute band and description Numeric Attribute State

95" percentile during the bathing seasbn

X mon

B

0.1 to 1% risk of Campylobacter infection. Risk of up to one b
of Campylobacteinfection in every 100 exposures.

mon YR X Hcn

C

1 to 5% risk of Campylobacter infection. Risk of up to one
five cases of Campylobacter infection in every 100 exposure

B Hcan YR XX pnn

National guideline for primary contact 540

> 540

RSAONRLIIAZ2Y | aaddzySa &z

Qx
[a=tN
[N
w

¢CKS YNNI GAGBS | G0G§NKOGdzi S

tUsing weekly monitoring data
°National bottom line proposedithe Essential Freshwater Package (September 2019) draft NSPFM September 2019

Notes:

This attribute table is derived from the. colitable for primary contact sites ilakes and rivers ithe draft

bt {Ca NBfSIraSR T2NJ LlzfAO O2yadzZ Gl GA2y 6AGK D2@SNJ
2019) It is noted this attribute table has subsequently been included for lakes and rivers in the new NPSFM

(2020) and the C/D threshold shown @S 02 YS | ayl A2yl t 062GG2Y tAySé O0A
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Value
Freshwaterbody type

Human health for recreation ‘

Estuaries and open coast

Attribute group

Southland attribute

Attribute name

Enterococci

Attribute unit

EnterococdilO0 mL (number of mterococci per

hundred millilitres)

Attribute band and description

Numeric Attribute State

95" percentile

% exceedances over 28

(MPN/100 mL) MPN/100 mE
Xn n Kp
B
Estimated Gl risk is-5% and AFRI is 0.2% from a single . .
exposure. bnn FYyR Bp FYR X
The estimated Gl risk is >10% and AFRI risk is >4% be
5 and 10% of the time.
C
Estimated Gl risk is-8.0% and AFRI is-2% from a single . .
exposure. bunn | yR bmn YR
The estimated Gl risk is >10% and AFRI risk is >4% be
10 and 20% of the time.
Proposed minimum acceptable state 500 20
>500 >20

1Using monthly monitoring data
Gl is gastrointestinal illness and AFRI is acute febrile respirditeys
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Value Human health for recreation

Freshwaterbody type

Primary contact in estuaries and open cog

Attribute group

Southland attribute

Attribute name

Enterococcat popular bathing sites

Attribute unit

Enterococdil00 mL (number of eterococci
per hundred millilitres)

Attribute band and description

Numeric Attribute State

95" percentile (MPN/100 mL) during the
bathing seasoh

B

Estimated Gl risk is 15% and AFRI is 0-32% from a single
exposure.

The estimated Gl risk is >10% and AFRI risk is >4% betweern
10% of the time.

Bnn yR Xunn

C

Estimated Gl risk is 510% and AFRI is-24% from a single
exposure.
The estimated Gl risk is >10% and AFRI risk is >4% betwe
and 20% of the time.

BHnan YR Xpnn

Proposed minimum acceptable state

500

>500

1Using weekly summer monitoring data

Gl is gastrointestinal illness and AFRI is acute falasigiratory illness
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Appendix5: Details of the dateand analysesised

The general method was described section0. Further detailof the method used to gather and
analysestate datais providedin the supporting technical memorandums for groundwater (Rodway
2020), rivers (Hodson 2020), lakes (Roberts\Afadd 2020) and estuaries (Ward and Roberts 2020).
This appendibbelow contains sme of that detail specific tothe individual assessments

Groundwateranalytical details
Notable additions and exceptions to the general method include:

1 Data from seven sitem the National Groundwater Monitoring Programme (NGMP) were

I 448Y0f SR AY FRRAGAZ2Y (2 (GKS MITpo INBdzyR6I (i

investigations and compliance monitoring data.

1 In the case of nitratenitrite nitrogen (NNN), where NNN datvas not present then nitrate
data was used as a representative measure.

1 E. colihas been commonly measured and reported in two different units, most probable
number (MPN/100ml) and coliform forming units (CFU/100ml). Given that in this assessment
the E.colidata is used simply for a presence/absence test these measures were combined to
create a larger dataset for analysis.

1 Nitrate-nitrite nitrogen (NNN) was assessed under two identified values (ecosystem health
and water supply [human health]). The egetem health assessment required calculation of
a 5 year mean NNN value for each site (Norton and Wilson, 2019). The site must have 10
samples and at least one sample from 4 of the 5 years. The water supply (human health) value
required calculation of a §ear mean with the same criteria as above and in addition the 5
year maximum value (Norton and Wilson, 2019).

1 E. coliwas assessed under one identified value (water supply [human health]). The water
supply (human health) assessment required calculatioanodnnual maximunk. colivalue
for each site (Norton and Wilson, 2019). The minimum number of samples required to make
this assessment is one (Norton and Wilson, 2019).

Riversanalytical details

This report used a selection of outpufim river analyseperformed by Aquane€onsulting Limited
that are reportal separatelyin full in (Geer 2019) Some key analytical details from Greer (2019) are
provided below

Key attributes

Nitrate Metrics
1 Median nitratenitrite nitrogen (NNN) concentration; and

95" percentile NNN percentile concentration.

AmmoniaMetrics
1 Median pH adjusted total ammoniacal nitrogen ¢NNJ concentration; and

1 Maximum pH adjusted NHN concentration.
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Dissolved inorganic nitrogen (DIMgtrics
I Median concentration; and

1 95" percentileconcentration.

Dissolved reactive phosphorus (DRIBjrics
1 Median concentration; and

1 95" percentile concentration.

Dissolved oxygen (D®Ietrics
1 7-day mean minimum concentration; and

1 1-day minimum concentration.

TemperatureMetrics
1 CoxRutherford IndeXCRH?, averaged over the five hottest days of summer; and

1 Maximum wintet*temperature.

Escherichia coli (E. calletrics
9 Median concentration;

1 95" percentile concentration;
1 Percentagef time above 260 colonforming units (CFU)/100ml; and
1 Percentageftime above 540 CFU/100ml.

Water clarity Metrics
1 Median horizontal black disc viewing distance at flows below the median (m).

Deposited fine sedimeiMetrics
1 Mean deposited fine sediment cover as a percentage of stream bed area; and

I Maximum suspendible inorganic sediment (SIS) measured using the Quorer method
(Clapcottet al., 2011)

Periphyton Metrics

1 929 83 percentile periphyton biomass;
1 Maximum cover of long filamentous periphyton as a percentage of stream bed area; and
1 Maximum cover of thick mat periphyton as a percentage of streatharea.

Benthic cyanobacterilletrics

1 Maximum benthic cyanobacteria cover as a percentage of stream bed area.

MacroinvertebrateMetrics
 Mean MCI.

FishMetrics
 Mean IBI.

13The aveage of the daily mean and maximum temperature.
4 May ¢ September

Page209



River data sources

Pt

RFEdGF ¢ SNB RiversBnie SfREnviFoN®eh{SoB)hadRitoring network datasets

Specifically:

91 Discrete monthly ater quality data (i.e. nutrient concentrations, faecal containment levels
andvisual clarity wereavailable for 7&itesacross the Southland Region;

1 Continuous temperature data were dlable for 42 sites across the region;

1 Continuous dissolved oxygen data were available for 28 sites across the region;

1 Monthly deposited fine sediment cover data were available for 35 sites across the region;

1 Monthly suspendible sediment (measured using Quorer method) data were available for
102 sites across the region;

1 Monthly periphyton biomass data were available for 30 sites across the region;

1 Monthly periphyton (including benthic cyanobacteria) cover data were available for 35 sites
across the regin;

1 Annual macroinvertebrate monitoring data were available for 120 sites across the region; and

1 Annual fish monitoring data were available for 59 sites across the region.

Lakesanalytical details

The state of ecosystem health, habitat and water quality attributes at a site, lake, lake type or FMU,
at a given baseline year (2010, 2016 and 2019) was assessed using data from the pithceeing
hydrological years (hereaftaeferred to as years), unds a different assessment period has been
specified (e.g. where 3 years of data is not available or the minimum statistic is a 5 year period for
exampleE.colj. Not all attributes have been assessed for each site, lake, lake type or FMU and for
every baséne, as:

1
1
1

Lake Vincent, The Reservoir, Lake George were not monitore2ioire
Waiau(Te Waewae)agoon monitoring programme began in late 2016.

There was a gap in the monitoring data due to budget constraints in the glacial lakes
programme between 2014 and 2017.

Lakes that are currently not covered in the water quality monitoring programme (Lake
Brunton, Mavora Lakes and Lake Hauroko) have pusliidoeen assessed for macrophyte
cover and Lake SPI, these have been included in the presentation of state for the lake level
of analysis.

Lake Sheila, Lake Calder and Lake Brunton were assessed in 2012 in a study by Cawthron to
provide an indicative sta the report values have been shown in the proceeding report but
these do not meet the minimum statistical requirement for the attribute.

For some attributes the analysis was not undertaken by Environment Southland and the data
presented is directly froman existing monitoring report (e.g. Lake SPI and macrophyte

cover). In these instances the data may not directly align with the proposed baseline years
2010, 2016 and 2019. Data sources are acknowledged.

5 Note, not all sites have been monitored at the specified frequency for the entire assessment period.
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The analysis has been completed at four differenels:

1. Site:Each individual site within a lake was analysed for state in 2010, 2016 and 2019 using
the preferred statistic outlined ithe table below In some instances the frequency of
sampling did not meet the minimum statistical requirement foe thitribute, in these cases
state is reported as a best estimate and should be viewed with caution. State has been
tabulated for the baseline period (2010 and 2016) and current (2019) in addition to the
percentagereduction needed to meet the minimum reqament of the draft FWO, known
4 GKS W3IlFLIQd 2 KSNBE y2 Rakerfajeediétibn aKrothbeed SSy NB I
presented.

2. Lake:For ecosystem health the data was screened for site sets within a lake, where all lake
sites were not monitored on agn date the date was removed from the analysis to prevent
bias toward a particular lake site. Human Health attributes .cpli) are associated with a
health risk factor, as such a precautionary approach was taken and the individual site with
the poorest grading within the lake was reported. Note attributes such as macrophyte cover
FYyR [F1S {tL FINB 2yfé& NBLEZ2NISR F2N 6KS gK2¢tS
applicable to individual sites. State has been tabulated for the baseline period (8610 a
2016) and current (2019) in addition to tipercentagereduction needed to meet the
YAYAYdzY NBldZANBYSyld 2F GKS RNIFG C2hx 1y26y |
reported thepercentagereduction as not been presented.

3. Lake TypeThe analysisof lake type used the site level statistics as the basis for assessing
the number of sites that fit within each banding for each lake type. The lakes programme is
small compared to the river network and therefore box and whisker plots were not a
suitable epresentation of the data, instead the graphical representation of the data
represents the numerical value used for the assessment at the site level against the attribute
banding. The table includes the proportion of sites within each banding for aliyip&s,
including natural state, for 2010, 2016 and 2019. Furthermore the proportion of sites where,
one, two and three state improvement would be needed to meet the FWO is presented.

4. Regional Summarysummarises the information used at the FMU scale &spnt a regional
picture for lakes.

Data was analysed using Time Trends (v.6.30, 2017) for metrics such as mean, mégiargeile,
maximum and minimum. Microsoft Excel (2016) was used where additional analysis was required such
as the % exceedancés E.colior basic plotting.

Where numerical valuesere below the limit of detection a general rule was applied; the below detect
was replaced with a numerical value equivalent to a half fraction of the detection $mitlies have
shown that the apfpcation of this rule is not suitable particularly for regression and correlation
analysis (Helsel, 2006), however the purpose of this report was not to assess trends but to report on
state. To do this summary statistics were compared against a defisiethalading system for each
attribute. Nondetects generally fall within the -Band and therefore even though this is not the
preferred approach it can be applied in the assessment of state in this context. The approach was
applied for the two baseline yea(2010 and 2016) and current state (2019).
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Attribute

Statistic

Minimum
Requirements

Additional Conditions

Phytoplankton

Annual Median

Annual Maximum

3 years of monthly
sampling, n = 36

Lakes and Lagoons
intermittently open to the sea,
datais analysed separately for
open/ closed periods.

TP

Annual Median

3 years of monthly
sampling, n = 36

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

TN

Annual Median

3 years of monthly
sampling, n= 36

Assessment must consider
whether the lake is seasonally|
stratified or polymictic.
Brackish lakes are grouped
with seasonally stratified lakeg

Lakes and Lagoons
intermittently open to the sea,
data is analysed separately fo
open/ closed periods

Ammonia
Toxicity

Annual Median

Annual Maximum

3 years of monthly
sampling, n = 36

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

Cyanobacteria

80" percentile

3 years of monthly
sampling, n = 36.

Lakesand Lagoons
intermittently open to the sea,
data is analysed separately fo
open/ closed periods

NPSFM recommends 30

samples over 3 years with a
minimum of 12 samples over J
years accepted.

TLI3

Annual Mean

3 years of monthly
sampling, n = 36.

Lakes and.agoons
intermittently open to the sea,
data is analysed separately fo
open/ closed periods.

Nitrate Toxicity

Annual Median, 98
percentile

3 years of monthly
sampling, n = 36

Lakes and Lagoons
intermittently open to the sea,
data is analysed separayefor
open/ closed periods.
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Minimum

Attribute Statistic Requirements Additional Conditions
Lakes and Lagoons
) . intermittently open to the sea,
Median, 93" percentile data is analysed separately fo
open/ closed periods
()
. % exgeedances over 540 5 years of monthly
E.coli E.col¥100mL NPSFM recommends a

% exceedances over 260
E.col/ 100mL

sampling, n = 60

minimum of 60 samples over §
years, where a sample is
missed the state may be
determined over a longer
timeframe.

Lake Bottom

3 years of monthly

Lakes and Lagoons
intermittently open to the sea,

Dissolved AnnualMinimum : .
sampling, n = 36 data is analysed separately fo
Oxygen open/ closed periods.
Mid-
Hypollmnetlc Annual Minimum 3 years of m(_)nthly Attribute only apphs to
Dissolved sampling, n = 36 seasonally stratified lakes
Oxygen
The totalpercentagecover is
weighted with % cover across
Assessment based on the polygon transect and the
. . coverage across the whole
the likely maximum
. . lake. E.g.
annual biomass in a
one year period. Total % cover = Sum(% cover
polygon area)/ total area of
. Attri li h i i
Macrophyte Total % cover of available tt _bute applies to the| available habitat x 100
Cover habitat available macrophyte
habitat determined by | Sum(% cover x polgg area):
morphological, % cover is estimated across
hydrologic4 and lake transects that represent
substrate conditions particular areas of the lake,

" | these are extrapolated to the
whole polygon area and then
all polygons are summed to
represent the total available
habitat within the lake.

Lake SPScore (%) and %
Reduction in score i _
Assessment based on | Numeric attribute state to be
LakeSP] Native Condition Index the likely maximum calculated annual following thq

(%)

Invasive Impact Index (%]

annual biomass in a
one year period.

method described in Clayton
and Edwards (2006).
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Estuay and coastahnalytical details

The state of ecosystem health, habitat and water quality attributes at a site, estuary, estuary class
or FMU, at a given baseline year (2010, 2016 and 2019) was assessed using data from the
precedingthree years.

Details of specific statistical requirentsnand data periods used to represent the different
attributesare shown in the tables belaw

Most of the data is collected on an annual basis so is not monthly or weekly except that of
phytoplankton for New River Estuary and microbiological data. Minirstatistics have been
specified but not stringently adhered to otherwise much of the data would be excluded. For some
periods there is no data available so the closest preceding time period was used.

It is important to note the following:

1.

Not all attributes have been assessed for each site, estuary, estuary class or FMU and for
every baseline, as the number and frequency of monitoring needed to cover estuaries in
Southland is unfeasible. Focus has therefore been on high risk (highly
modified/developed landise in catchment and high sensitivity) estuaries.

There was a hiatus in most of the estuarine monitoring from 2013 to 2016.

Waiau estuary (not lagoon which is classed within Lakes and lagoons) has no available
data.

Some attributes are at a site scaledesome at an estuarine scale.

EQR is a measure of macroalgal response and therefore can theoretically detect
responses in the estuarine system to increased pressures. GEZ/GNA measures detect the
condition of a system once it has exceeded its assimilaayacity, taking into account
sediment oxygen state and algal cover. Measures for EQR and GEZ/GNA should
therefore be considered as fundamentally differeritut alsoastools to use in a gradient

of deteriorating state.

For microbial dataalues which wer below the limit of detection a general rule was

applied; the below detect was replaced with a numerical value equivalent to a half

fraction of the detection limitStudies have shown that the application of this rule is not
suitable particularly for regssion and correlation analysis (Helsel, 2006), however the
purpose of this report was not to assess trends but to report on state.

Analysis for phytoplankton has yet to be done for the periods of 2010 and 2016.

For microbial coastal/marine sites theresiglecline in WQ using cfu measures up to

2007. Following this the method was changed to MPN; however, no cross over time for
the methods exists. The measure of cfu wags&blished in 2014. Therefore, only one
period may be calculated using the data.

Fora small period bothe. colicfu and enterococci cfu were measured at popular bathing
sites (summer weekly). For sites that displayed liitl@o issues samplingagceased or

not started forE. coli These are Colac Bay at Colac Bay Roaoktiparae, Monkey

Island at Frentz Road, Oreti Beach at Dunns Road, Riverton Rocks at Mitchells Bay North,
Halfmoon Bay at Bathing Beach, Halfmoon Bay at Elgin Terrace, Porpoise Bay at Camping
Ground, Awarua Bay at Tiwai Pumphouse. Those sites which shomegsdution

were retained and continued to be sampled for both enterococciBndoli Bluff

Harbour at Morrison Beach, Jacobs River Estuary d/s Railway Br East, New River Estuary
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at Water Ski Club and New River Estuary at Omaui. Notéthaglwill therefore have
less data available for the ongoing sites due to the more recent introduction.

10.

The main analyte for use against guidelines is Faecal colifornis. lootican be

measured at the same time for no additional cost. For a small period botHi Eficcand
enterococci cfu have been measured at shellfish gathering waters (monthly data).
Enterococci has been not measured or ceased (due to low detected levels) at select
sites: Riverton Rocks at Mitchells Bay. Some sites continue to be measurethfé&. bo
coliand enterococci: Bluff Harbour at Ocean Beddbnkey Island at Frentz Road, Colac
Bay at Bungalow Hill Road, Jacobs River Estuary d/s Fagh Bew River Estuary at
Whalers Bay, New River Estuary at Mokomoko Inlet, Toetoes Harbour at Fortrose

. L Minimum " "
Scale Attribute Statistic : Additional Conditions
Requirements
Up to 3 years of annua S
plosy Sampling is conducted
sampling .
. Mud content (% . according to the estuary
Site Annual Median . .
mud) N = 3 composit protocol by taking 3 composit¢
= S composite samples for a site.
samples /yr
Sampling is conducted
_ aRPD (cm . Annual data (n=10) according to th_e estuary
Site Annual median protocol by taking 10
below surface) . ; . .
measures in conjunction with
macrofaunal samples.
. . Up to 3 years of ann -
Toxicants in srfmpliné s otannua Sampling is conducted
. sediment (As, . according to the estuary
Site Annual Median . .
Cd, Cr, Cu, Pb, N = 3 composit protocol by taking 3 composit¢
Ni) (mg/Kg) = © composite samples for a site.
samples /yr
Slope characteristics used to
Filter sites according to run two criteria, slope
if muddy or not (>25% | significance tesand test if
mud content). <2mm/yr rate. Model
coefficient was compare
| Use allavailable annual| against threshold (2mm) using
>2mm or <2mm if . e ;
i data, 4 plates per site. | t-test; using Rscript.
Site Sediment rate pass trend gl lculated usi
(mm/yr) significance test ope carcuraied using . N
(90%). all individual data Not significant (significance
points to determine test above) = IN
slope. Rate may be (Indeterminate).
calculated from post
significant erosion If Significant (significance test
events and periods. above) and be <2mm to PASS
and be >2mm to FAI
Mud extent (m? | Area >25% mud Change is calculated from
. . Annual assessment for
Estuary | of intertidal content has most recent and current
. the estuary.
area) increased/decreaseq assessment.
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Twice a Month data,
minimum 5 years. Siteq

Chta measure done at ICC lal
Acetone extraction.
Fluorometer. In line with APHA
10200. ICC lab is a non

Phyt()tplankton are identified as accedited lab.
Site Icnh\l/;?o;g/rlrl]-g 90" percentile >30ppt or <30ppt
/m?) salinity using median | 90h percentile was calculated
conductivity for the using excel. Data has not bee
data used. filtered according to low and
high flow, one of each has
been recorded per month.
Dimensionless Refer to the Ngw Zealand .
Estuary | EQR nymber based on Annual assessment for Ezt;;;}/l Hgﬁg";:}:gﬁ?&ggﬂ%
biomass and cover | the estuary. 9 .
of macroalgae. NIWA, 2015) for guidance on
how to calculate EQR.
GEZ is defined as areas
consisting of >25% muddines
and aRPD depth of 0 cm and
Estuary | GEZ % cover and Area | Annual assessmentforl WKA IKQ YI ONR I f
(Ha) of the estuary | the estuary. definition may be reviewed if
substantial areas of hydrogen
sulphide toxicity prohibit
macroalgae growth.
NPSFM recommends a
Median, 95 minimum of 60 samples_ over
percentile years, where a sample is
5 years of monthly missed the state may be
E. coli 0 sampling, ideally n = 6( determinedover a longer
. % exceedancesver .
Site 540 E. coli/100mL timeframe.
(cfu/100ml) ' Some sites have less
% exceedances ove data available. Cal_culatio.ns were done via R
260 E. coli/ 100mL Script. Using the hazen
: method to calculate the 9%
percentile.
The Proposed NPEM (2019)
has no recommends for
5 years (seasons) of | minimum data used. However
E. coliat popular weekly dgta over the thg Microbial guidevlines 5
bathing sites summer, ideallyn=80| NS O2 YYSY R dza A\
Site 95" percentile to 85. worth of data.
(cfu/100mi) Some sites have less | Calculations were done via R
data available. Script. Using the hazen
method to calculate tk 95"
percentile.
NPSFM recommends a
. 5 years of monthly -
enterococci 95" percentile sampling, ideally n = 6 minimum of 60 _samples over
Site years for E. coli. The same
(cfurL00mi) % exceedances ove Some sites have less principles have been applied.

260 E. coli/f 200mL

data available.

Calculations were done via R
Script. Using the hazen
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method to calculate the 95
percentile.

Site

enterococci at
popular bathing
sites

(cfu/100ml)

951 percentile

5 years (seasons) of
weekly data over the
summer, ideally n = 80
to 85.

Some sites have less
data available.

The Microbial guidelines
NEO2YYSYyR dzaA\
worth of data.

Calculations were done via R
Script. Using the hazen
method tocalculate the 9%
percentile.
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Estuaries Data usedor site scale analysis

Site As Cd Cr Cu Pb
2010 | 2016 | 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Awarua Bay Estuary Site A
Awarua Bay Estuary Site B
Bluff Harbour Site A
Bluff Harbour Site B
2018 2018 2018 2018 2018
Fortrose Estuary Site A 2019 (6) 2019 (6) | 2009 ) 2019 (6) | 2009 3) 2019 (6) | 2009 3) 2019 (6)
2018 2009 3) 2018 2018 2018 2018
Fortrose Estuary Site B 2019 (6) 2019 (6) 2019 (6) 2019 (6) 2019 (6)
2009 2009 2009
Freshwater Etuary Site A 2010 (6) 2010 (6) 2010 (6)
2009 2009 2009
Freshwater Estuary 8iB 2010 (6) | 2015 (10) 2010 (6) | 2015 (10) 2010 (6) | 2015 (10) 2015 (10)
Freshwater Estuary Site C 2015 (10) 2015 (10) 2015 (10) 2015 (10)
2009 2009 2009
Haldane Estuary Site A1 20193) | 5010 (6) 2019 3) | 5010 (5) 2019.3) | 5010 (6) 2019 (3) 2019 (3)
Haldane Estuary Site B 2019 (3) 2015 (10) | 2019 (3) 2015 (10) | 2019 (3) 2015 (10) | 2019 (3) 2015 (10) | 2019 (3)
Haldane Estuary Site C 2015 (10) 2015 (L0) 2015 (10) 2015 (10)
2018 2018 2018 2018 2018
Jacobs River Estuary Site A 2019 (6) 2019 (6) 2019 (6) 2019 (6) 2019 (6)
2018 2018 2018 2018 2018
Jacobs RiveEstuary Site B 2019 (6) 2015 A0)| 5519 (5 2015 10) | 5519 (5) 2015 0)| 5519 (5) 2015 (10)| 5519 (6)
2018 2018 2018 2018 2018
Jacobs RiveEstuary Site C 2019 (6) 2019 (6) 2019 (6) 2019 (6) 2019 (6)
2018 2018 2018 2018 2018
Jacobs RiveEstuary Site D 2019 (6) 2015 (10)| 5019 (6) 2015 (10)| 5019 (6) 2015 (10)| 5019 (6) 2015 (10)| 5019 (6)
2018 2018 2018 2018 2018
Jacols River Estuary Site E 2019 (6) 2019 (6) 2019 (6) 2019 (6) 2019 (6)
2018 2018 2018 2018 2018
New River Esuary Site B Sots (e | 2010@ | 201500 5018 o | 2010(3) | 2015 10)| 5070 o | 2010®) | 2050y | 5015 o | 2010(3) | 205 10)| 207 oy
2018 2018 2018 2018 2018
New River Estuary Site C 2019 (6) | 2010 ) 2019 (6) | 20103 2019 (6) | 2010 ) 2019 (6) | 20100 2019 (6)
2018 2018 2018 2018 2018
New River Estuary Site D 2019 (6) | 2010 ) 2019 (6) | 20103 2019 (6) | 20103 2019 (6) | 20103 2019 (6)
2018 2018 2018 2018 2018
New River Estugy Site E 2019 (6) 2019 (6) 2019 (6) 2019 (6) 2019 (6)
2018 2018 2018 2018 2018
New River Estuary Site F 2019 (6) 2015 (13)| 5019 (6) 2015 (13)| 5019 (6) 2015 (13)| 5019 (6) 2015 (13)| 5019 (6)
Waikawa Estary Site A 2019 (3) | 2008 (3) 2019 (3) | 2008 (3) 2019 (3) | 2008 (3) 2019 (3) | 2008 (3) 2019 (3)
Waikawa Estuary Site B 2019(3) | 2008 (3) | 2015 (10)] 2019 (3) | 2008 (3) | 2015 (10)| 2019 (3) | 2008 (3) | 2015 (10)| 2019 (3) | 2008 (3) | 2015 (10)| 2019 (3)
Waikawa Estuary Site C 2015 (0) 2015 (10) 2015 (10) 2015 (10)
Waimatuku Estuary Site D 2018(1) 2018(1) 2018(1) 2018(1) 2018(1)
Waimatuku Estuary Site E 2018(1) 2018(1) 2018(1) 2018(1) 2018(1)
Waimatuku Estuary Site G 2018(1) 2018(1) 2018(1) 2018(1) 2018(1)

Page218




Site Hg Ni Zn % mud aRPD
2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019 2010 2016 2019
Awarua Bay Estuary Site A
Awarua BayEstuary Site B
Bluff Harbour Site A
Bluff Harbour Site B
. 2018 2018 2018 2018
Fortrose Estuary Site A 2019 (6) 2009 (3) 2019 (6) 2009 (3) 2019 (6) 2019 (6) 2019(10)
. 2018 2018 2018 2018
Fortrose Estuary Site B 2019 (6) 2019 (6) 2019 (6) 2009(3) 2019 (6) 2009(10) 2019(10)
. 2009 2009 2009
Freshwater Estuary Site A 2010(6) 2010 (6) 2010 (6) 2010(10)
. 2009 2009 2009
Freshwater Estuary Site B 2015 (10) 2010 (6) 2015 (10) 2010 (6) 2015 (10) 2010 (6) 2010(10) 2015(10)
Freshwater Estuary Site C 2015 (10) 2015 (10) 2015 (10) 2015(10)
Haldane Estuary Site AL 2019 (3) | 2999 2019 (3) | 2099 2019 (3) | 2099 2019 (3) 2019(10)
Y 2010 (6) 2010 (6) 2010 (6)
Haldane Estuary Site B 2015 (10) | 2019 (3) 2015 (10) | 2019 (3) 2015 (10) | 2019 (3) 2019 (3) 2015(10) | 2019(10)
Haldane Estuary Site C 2015 (10) 2015 (10) 2015 (10) 2015(10)
. . 2018 2018 2018 2018
Jacobs River Estuary Site A 2019 (6) 2019 (6) 2019 (6) 2019 (6) 2019(10)
. . 2018 2018 2018 2018
Jacobs River Estuary Site B 2015 (10) 2019 (6) 2015 (10) 2019 (6) 2015 (10) 2019 (6) 2019 (6) 2015(10) | 2019(10)
. . 2018 2018 2018 2018
Jacobs River Estuary Site C 2019 (6) 2019 (6) 2019 (6) 2019 (6) 2019(10)
. . 2018 2018 2018 2018
Jacobs River Estuary Site D 2015 (10) 2019 (6) 2015 (10) 2019 (6) 2015 (10) 2019 (6) 2019 (6) 2015(10) | 2019(10)
. . 2018 2018 2018 2018
Jacobs River Estuary Site E 2019 (6) 2019 (6) 2019 (6) 2019 (6) 2019(10)
. . 2018 2018 2018 2018
New River Estuary Site B 2015 (10) 2019 (6) 2010 (3) | 2015 (10) 2019 (6) 2010 (3) | 2015 (10) 2019 (6) 2010 (3) 2019 (6) 2010(10) | 2015(10)| 2019(10)
. . 2018 2018 2018 2018
New River Estuary Site C 2019 (6) 2010 (3) 2019 (6) 2010 (3) 2019 (6) 2010 (3) 2019 (6) 2010(10) 2019(10)
. . 2018 2018 2018 2018
New River Estuary Site D 2019 (6) 2010 (3) 2019 (6) 2010 (3) 2019 (6) 2010 (3) 2019 (6) 2010(10) 2019(10)
. . 2018 2018 2018 2018
New River Estuary Site E 2019 (6) 2019 (6) 2019 (6) 2019 (6) 2019(10)
. . 2018 2018 2018 2018
New River Estuary Site F 2015 (13) 2019 (6) 2015 (13) 2019 (6) 2015 (13) 2019 (6) 2016 (3) 2019 (6) 2015(10) | 2019(10)
Waikawa Estuary Site A 2019 (3) | 2008 (3) 2019 (3) | 2008 (3) 2019 (3) 2019 (3) | 2008(10) 2019(10)
Waikawa Estuary Site B 2015 (10) | 2019 (3) | 2008 (3) | 2015 (10) | 2019 (3) | 2008 (3) | 2015 (10) | 2019 (3) 2019 (3) | 2008(10) | 2015(10)| 2019(10)
Waikawa Estuary Site C 2015 (10) 2015 (10) 2015 (10) 2015(10) | 2019(10)
Waimatuku Estary Site D 2018(1) 2018(1) 2018(1) | 2018(1) 2018(1) 2008(1)
Waimatuku Estuary Site E 2018(1) 2018(1) 2018(1) 2018(1) 2018(1) 2008(1)
Waimatuku Estuary Site G 2018(1) 2018(1) 2018(1) | 2018(1) 2018(1) 2008(1)
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Site Phytoplankton Chlorophylta) E.coli E.coli at popular bathing sites enterococci enterococci at popular bathing sitq
2010 | 2016 2019 2010 | 2016 2019 2010 | 2016 2019 2010 | 2016 2019 2010 | 2016 2019

. . Tobe | Tobe | Jun2016Jul 2019
New River Estuary Omaui Beach done done | (74)

. Tobe | Tobe | Jun 2016Jul 2019
New River Estuary Awarua Farm done done | (68)
New River Estuary Lagoon tip Tobe | Tobe | Jun 20163 2019
outlet done | done | (73)

. Tobe | Tobe | Jun 2016Jul 200
New River Estuary Stead Street done done | (74)

. Tobe | Tobe | Jun2016Jul 2019
New River Estuary Dunns Road done done | (74)
Oreti Beach Tobe | Tobe | Jun 2016Jul 2019

done | done | (73)

. . Tobe | Tobe| Jun2016Ju 2019
New River Estuary Ski club done | done | (74)

: Tobe | Tobe | Jun 2016Jul 2019
New River Estuary Mcoys Beach done done | (70)
Bluff Harbou at Ocean Beach 20167 2019 (42) 20147 2019 (63)
Colac Bay at Bungalow Hill Road 20157 2019 (56) 20147 2019 (63)
Jacobs River Estuary d/s Fish-Cd
op 201471 2019 (59) 2014i 2019 (63)
Monkey Island at Frentz Road
(south) 20161 2019 (41) 2014i 2019 (63)
New River Estuary at Mokomoko
Inlet 20161 2019 (42) 2014i 2019 (63)
New River Estuary at Whalers
Bay 20161 2019 (42) 2014i 2019 (63)
Riverton Rocks at Mitchells Bay 20167 2019(34) 20147 2017 (43)
Toetoes Harbour at Fortrose 20161 2019 (42) 20147 2019 (63)
Awarua Bay at Tiwai pumphouse| 2013i 2019 (54)
Bluff Harbour at Morrison Beach 20157 2019 (55) 2013i 2019 (102)
Colac Bay at Colac Bagoad opp .
marae 20157 2017 (21) 2013i 2019 (102)
Halfmoon Bay at bathing beach 2013i 2019 (96)
Halfmoon Bay at Elgin Terrace 2013i 2019 07)
Jacobs River Estuary d/s Railway .
Br East 20151 2019 (55) 20137 2019 (101)
Kawakaputa Bay at Walpatu
Road 20131 2019 (101)
Monkey Island at Frentz Road 2015i 2017 (20) 2013i 2019 (101)
New River Estuary at Omaui 2015i 2019 (55) 20137 2019 (102)
New River Estuanat Water Ski .
Club 20157 2019 (55) 20131 2019 (101)
Oreti Beach at Dunns Road 20151 2017 (21) 20137 2019 (93)
Porpoise Bay at camping ground 20131 2019 (54)
Riverton Rocks at Mitchells Bay .
North 20151 2017 @1) 201371 2019 (102)
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Estuaries: Data used fastuaryscale analysis

Eoan Macroalgae (EQR) GEZ Muddiness of intertidal area
2010 | 2016 | 2019 | 2010 | 2016 | 2019 2010 2016 2019

Fortrose Estuary 2013 | 2016 | 2018 | 2013 | 2016 | 2018 | 2003 compare 2013 | 2013 compare 2016| 2016 compare 2018
Freshwater Estuary

Haldane Estuary 2004 | 2016 2004 | 2016 2004 compare 2016

Jacobs River Estuary 2016 | 2018 | 2008 | 2016 | 2018 | 2003 compare 2008 | 2013 compare 2016| 2016 compare 2018
New River Estuary 2007 | 2016 | 2018 | 2007 | 2016 | 2018 | 2007 compare 2012 | 2013 compare 2016| 2016 compare 2018
Waikawa Estuary 2008 | 2016 2009 | 2016 2004 compare 2009 | 2009 compare 2016
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Appendix 6: &ate summary tables for rivers and streams

Streams and rivers state:
Waiau FMU 2010

Poor

Very poor (E. coli only)

Pass
Fail

or

Natural State Lowland soft bed Hill Lake fed S]Per (ljng
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e 5
g g o | 8
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National compulsory attributes

Nitrate toxicity (mg/L)

Ammonia toxicity (mg/L)

E. col(E. colil00 mL)

Southland attributes

Macroinvertebrates (MCI, wadable rivers onl_

Temperature- summer (°C, DecMar)

Temperature- winter (°C, May Sep)

E. coliat popular bathing sitesH, colil00 mL)

Clarity (visible distance, m)

Suspendend fine sediment (turbidity, FNU)

3

National compulsory attributes requiring an action plan

g ! \Waiau River at Tuatapere

Dissolved Reactive Phosphorus (mg/L)

Fish (IBI)

Additional attributes for information

Dissolved inorganic nitrogen (mg/L)

B
i
Bl
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Streams and rivers state:
Aparima FMU 2010

Lowland
soft bed

Lowland hard bed

Hill

Poor

Very poor (E. coli only)

Pass
Fail

or

OpourikiStream at Tweedie Road

Aparima River at Otautau

Aparima River at Thornbury

Aparima River at Wreys Bush

Cascade Stream at Pourakino Valley Road

Hillpoint Stream at Waikana Road

Otautau Stream at Otautaliuatapere Road
Otautau Stream at Waikouro
PourakinoRiver at Ermedale Road
Pourakino River at Traill Road

Pourakino River at Pourakino Valley
Pourakino River at Jubilee Hill Road
\Waimatuku Stream at Lorneville Riverton Hw
Waimatuku Stream d/s Bayswater Bog

\Waimeamea River at Young Road

Aparima River at Dunbin

Aparima River u/s Dunrobin

North Etal Creek u/s Dunrobin Valley Rd

Hamilton Burn at Goodall Road

Taringatura Creek at Taromaunga

Hamilton Burn at Goodall Road

National compulsory attributes

Nitrate toxicity (mg/L)

Ammonia toxicity (mg/L)

E. col(E. coli100 mL)

Southland attributes

o

Macroinvertebrates (MCI, wadable rivers only)

Temperature- summer (°C, DecMar)

Temperature- winter (°C, May Sep)

E. coliat popular bathing sitesH, colil00 mL)

Clarity (visible distance, m)

Suspendend fine sediment (turbidity, FNU)

National compulsory attributes requiring an action plan

ﬁ.i

Dissolved Reactive Phosphorus (mg/L)

Fish (IBI)

Additional attributes for information

Dissolved inorganic nitrogen (mg/L)

gl B

Li
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Spring
fed

peoy 8|gnoq 1e ¥aai) Aeunpy

peoy oolajse) 1e ¥aai) Aelny

Mountain

1eld SIe|[9MON 18 IBAIY 1810

Hill

sBury 9aiyl 1e JaAly 1810

abpLg uspswinT 1. 1aAlY Na10

ysng anua) Je Janly a0

alowuag 1e IsAlY 1810

peoy sijj3a weans Buiyyj

peoy alg|es 1e Weas [awol)

Lowland hard bed

weq UolUIA\ S/P Weans uouipy

peoy uoneIsgns UoIUIAA Te Weans uoiuipy

peoy uidejosiowuag 1e weans uojuipn

[31Y20T 18 Weans uouip|

peoy ULON Je Weans MM

uoiBuiuuay 1e Janly redoyrepn|

weq redoyrepn 1e Jary redoyrepy

AL suaand s/n Janly redoyrepn|

peoy uosiapuy 1e weans uideiQ

ab.109 uidelQ 1e weans uidelo

UMO130B|[ A T8 JBAIY 1310

peoy uoidigia||iH Yyinos 1e weans uoidig

peoy aur paipuny s/p uing Bog

Lowland soft bed

peoy Jadoo) Je %881 %o0ssn |

eMUBIH UOLISARYIAUIOT e T %931D emiuerep)

peoy |[eH e 831D sispual

peoy 9h109) BI0T Je weals JOA|IS

199418 YUN 1e @310 1undaiQ

UMOIS0B[[eA T8 J9AIY BMaIeYe

peOoY [|3SUN0D 18 JaAIY BMaIeYe

AmH adoyabpaHUOUIN Te JaATY emarexen

peoy 96109 IO Te IaAlY emarexre

peoy Bury 1e 1any emalexep

Natural

state

eniemy le weals enjoxqoN

aAIaSaY aepsun( e weans afepsung

Streams and rivers state:
n NS UA

HJT MM

Ca

or

Very good

Good

Fair

Poor

Very poor (E. coli only)

Pass
Fail

I

National compulsory attributes

Nitrate toxicity (mg/L)
E. col(E. coli100 mL)

= L ... LB 8-

Ammonia toxicity (mg/L)

Southland attributes

- 2 s

Macroinvertebrates (MCI, wadable rivers only)[!

Temperature- summer (°C, DedMVar)

Temperature- winter (°C, May Sep)

E. coliat popular bathing sitesH, coli100 mL)

Clarity (visible distance, m)

Deposited fine sediment (% cover)

Suspendend fine sediment (turbidity, FNU)

National compulsory attributes requiring an action plan

Dissolved Reactiiehosphorus (mg/L)

Fish (IBI)

Additional attributes for information

Dissolved inorganic nitroggmg/L)

Page224



Spring
fed

08 [IIH PUNOY Je uINg MOPEaN

sBury| uoisies 1e 1sap\ buuds Jaremiybug

Mountain

18| oueld S/n 19l erexrem

Teld oueld Je JOAY erese

Hill

peoy abpug nweunodrepn 1e JaAly erexrep

BIRYIBAN 18 IBAIY BleXieAN

158104 Me|UBA 1B Areingli] Weans neyiwin

1S9104 Me|UBA 1B YINnogueans neyiwiiy

BoUBN|IUOD 831D 1aqoy S/p JaAlY einerep

emeled e 1oAY einelely

abpug enwelQ 1e IsAly einelep

2109 1B JIaAlY einerep

uolsieo 1e IaAlYy einele

abpug eineie s/p WOQOZ 1Ay vinelep

Lowland hardbed

peoy s[eDo 1e Areingu eswiep

peoy Inojjeg -IMIyeae Weans eaep)

peoy Inojeg p|O 1e weans eawrep

peoy 9|IN SUIN Te Weans eawrep)

peoy Aydiniy 1e weans eawiepn

3||INSpUBI Te Weans eawrep

py Buissoid uoisbury e weans suolspues

peoy As|[eA eawrep e weans yead YuUoN

PE0oY 1eJlOIA 1e 831D 1elJoN

SUMO@eMeas Je IaAlY einelely

abpug pue|s| einele 18 JaAlY einerep

abplig peoy SUMOSY] Je JaAIY einerep

peoy 86109 1e JaAlY einele

auoispues Je weans abpLbuo

9eAUDal9) 1B WeallS exe)lep\ youelg 1seq

pY yooBeT euniepn 1e qu L 3991D uele))

PEoYy Coommgu_m; 1e }9al) ueded

Lowland soft bed

pepy BUNNeAA S/N WT %9310 BUNIBAN

peoy |[eysie 1e 3aald euniep

eg 0lND auep|eH le weans oyidoxidoyre|

SHUBGMOJIIM Te Weans exexrem

peoy 1ab61g 1e Janry emexrepy

Aa|e/ ssaibold 1e 1anly emeepn

9109 Je WweallsS exexiep)\

peoy eIeigs0.1i04 1 JaAlY Inueyo L

SUMOQ plemeas 1e weallsS eyluelalO

3|lINSpURIA Te Weans elwelQ)

peoy JSAIY WeypuApn 18 JaAIY B12I0MOoN

peoy Juowaif3 1e JaAlY B18I0NOoN

PeOY [0042S NEYILUIA T8 Wea.NS NeyIuIA

WweypuApn Te weans neyiwip

Streams and rivers state:
Mataura FMU 2010

Very poor (E. coli only)
or

Very good

I

National compusory attributes

Nitrate toxicity (mg/L)

Ammonia toxicity (mg/L)
E. col(E. colil00 mL¥

Southland attributes

I

Additional national compulsory attributes requiring an action plan

Macroinvertebrates (MCI, wadable rivers onl

Temperature- summer (°C, DecMar)

Temperature- winter (°C, May Sep)

E. coliat popular bathing sitesH, colil00 mL)

Clarity (visible distance, m)

Suspendend fine sediment (turbidity,

Dissolved Reactive Phosphorus (mg/L)

Fish (IBI)

Additional attributes for information

| N T .

Il N

Footnotes: 1. Sites which fall within the proposed Waituna FMU discussed in the Environment Court Interim Decision on the proposed SWLP

Dissolved inorganic nitrogen (mg/L)
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Lowland

hard bed
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Lowland soft bed
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Streams and rivers state:
Waiau FMU 2016

or

Very good

Good

Fair

Poor

Very poor (E. coli only)

Pass
Fail

I

National compulsory attributes

Nitrate toxicity (mg/L)

Ammonia toxicity (mg/L)

E. coliE. coli100 mL)

Southland attributes

Macroinvertebrates (MCI, wadable rivers only) |- -’

Temperature- winter (°C, May Sep)

E. coliat popular bathing sitedH, colil00 mL)

Clarity (visible distance, m)

Deposited fine sediment (% cover)

Suspendend fine sediment (turbidity, FNU)

Benthic cyanobacteria (% cover)

Filamentous periphyton (% cover)

Diatoms and cyanobacteria (% cover)

Additional national compulsory attributes requiring an action plan
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Dissolved Reactive Phospho(uasg/L)

Fish (IBI)

Additional attributes for information

Dissolved inorganic nitrogen (mg/L)

Deposited fine sediment (% cover)

Deposited fine sediment (Quorer method)

Streams and rivers state:
Fiordland & Islands FMU 2016

zZ
2
c
=]
=

state

Poor

Very poor (E. coli only)

Pass
Fail

or

Caroline Burn abovieake Hauroko

Lake Hauroko Tributary at Carpal

Southland attributes

Macroinvertebrates (MCI, wadable rivers only)

Additional national compulsory attributes requiring an action plan

Fish (IBI)
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National compulsory attributes

Nitrate toxicity (mg/L)

Ammonia toxicity (mg/L)

E. col(E. colil00 mL)

Southland attributes

Macroinvertebrates (MCI, wadable rivers only)

Temperature- summer (°C, DecMar)

Temperature- winter (°C, May Sep)

E. coliat popular bathing sitesH, coli100 mL)

Clarity (visible distance, m)

Deposited fine sediment (% cover)

Suspendend fine sediment (turbidity, FNU)

Benthic cyanobacteria (% cover)

Filamentous periphyton (% cover)

Diatoms and cyanobacteria (% cover)

b yiall] -

Additional national compulsory attributes requiring an action plan

Dissolved Reactive Phosphorus (mg/L)

Fish (IBI)

Additional attributes for information

Dissolved inorganic nitrogen (mg/L)

Deposited fine sediment (% cover)

Deposited fine sediment (Quorer method)
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Streams and rivers state:

n NB i A

0

' Hamc O

Ca

Very good
Very poor (E. coli only)
or

Good
Fair
Poor

Pass
Fail

I

National compulsory attributes

Nitrate toxicity (mg/L)

Ammonia toxicity (mg/L)
E. coliE. colil00 mL)
Southland attributes

Macroinvertebrates (MCI, wadabie/ers only) [!

Temperature- summer (°C, DecMar)

Temperature- winter (°C, May Sep)

E. coliat popular bathing sitesH, coli100 mL)

Clarity (visible distance, m)

Deposited fine sediment (% cover)

Suspendend fine sediment (turbidity, FNU)

Benthic cyanobacteria (% cover)

r

=

Filamentous periphyton (% cover)

Diatoms and cyanobacteria (% cover)

Additional national compulsory attributes requiring an actn plan

Dissolved Reactive Phosphorus (mg/L)

Fish (IBI)

Additional attributes for information

Dissolved inorganigitrogen (mg/L)

S w w i C—

Deposited fine sediment (% cover)

Deposited fine sediment (Quorer method)
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Streams and rivers state: Mountain Spring
nNNBGA Ca! wnmc O6Glof fed

Very good

Good

Poor

Very poor (E. coli only)

Pass
Fail

or

Oreti River at McKellars Flat
Murray Creek at Casetlerock
Murray Creek at Double Road

National compulsory attributes

Nitrate toxicity (mg/L)

Ammonia toxicity (mg/L)

E. col(E. colil00 mL)

Southlandattributes

Macroinvertebrates (MCI, wadable rivers onl u

Temperature- summer (°C, DecMar)

Temperature- winter (°C, May Sep)

E. coliat popular bathing sitesH, coli100 mL)

Clarity (visible distance, m)

Depositedfine sediment (% cover)

Suspendend fine sediment (turbidity, FNU)

Benthic cyanobacteria (% cover)

Filamentous periphyton (% cover)

Diatoms and cyanobacteria (% cover)

Additional national compulsory attributes requiringn action plan

Dissolved Reactive Phosphorus (mg/L)
Fish (IBI)

Additional attributes for information

Dissolved inorganic nitrogen (mg/L)

Deposited fine sediment (% cover)

Deposited fine sediment (Quorer method)
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Streams and rivers state:

Mataura FMU 2016 (Table 1 of 2)

or

Very good

Good

Fair

Poor

Very poor (E. coli only)

Pass
Fail

I

National compulsory attributes

Nitrate toxicity (mg/L)

Ammonia toxicity (mg/L)
E. col(E. colil00 mL)
Southland attributes

Macroinvertebrates (MCI, wadable rivers|

only)

Temperature- summer (°C, DecMar)

Temperature- winter (°C, May Sep)

E. coliat popular bathing sitesH, coli1l00

mL)

Clarity (visible distance, m)

Deposited fine sediment (% cover)

Suspendend fine sediment (turbidity, FN

Benthic cyanobacteria (% cover)

Filamentous periphyton (% cover)

Diatoms and cyanobacteria (% cover)

Additional national compulsory attributes requiring an action plan

Dissolved Reactive Phosphorus (mg/L)

Fish (IBI)

Additional attributes for information

~Sy-mg-SESS ~Re-pEES-EnS-S-s-==-mu=u

Dissolved inorganic nitrogen (mg/L)

Deposited fine sediment (% cover)

Deposited fine sediment (Quorer method

Footnotes: 1. Sites which fall within the proposed Waituna FMU discussed in the Environment Court Interim Decision on the proposed SWLP
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Streams and rivers state:

Hill Mountain Spring fed
Mataura FMU2016 (Table 2 of 2) pring
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National compulsory attributes

Nitrate toxicity (mg/L)

Ammonia toxicity (mg/L)

E. col(E. colil00 mL)

Southland attributes

Macroinvertebrates (MCI, wadable rivers only)

= . §

Temperature- summer (°C, DecMar)

Temperature- winter (°C, May Sep)

E. coliat popular bathing sitesH, coli100 mL)

Clarity (visible distance, m)

Deposited fine sediment (% cover)

Suspendend fine sediment (turbidity, FNU)

Benthic cyanobacteria (% cover)

Filamentous periphyton (% cover)

Diatoms and cyanobacteria (% cover)

Additional national compulsory attributes requirin

g an action plan

Dissolved Reactive Phosphorus (mg/L)

Fish (IBI)

"

Additional attributes for information

Dissolved inorganic nitrogen (mg/L)

Deposited fine sediment (% cover)

Deposited fine sediment (Quorer method)

Footnotes: 1. Sites which fall within the proposed Waituna FMU discussed in the Environment Court Interim Decision on the proposed SWLP
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Natural state
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Streams and rivers state:
Waiau FMU 2019

Very good
Very poor (E. coli only)
or

Good
Fair
Poor

Pass
Fail

I

National compulsory attributes

Periphyton(Chta mg/m?)
Nitrate toxicity (mg/L)

Ammonia toxicity (mg/L)

Dissolved oxygen (mgA.)
E. col(E. coli100 mL)
Southland attributes

TR

Macroinvertebrates (MCI, wadable rivers onl
E. coliat popular bathing sitesH, colil00 mL)

Suspendend fine sediment (turbidity, FNU)

Temperature- summer (°C DecMar)
Temperature- winter (°C, MaySep)
Deposited fine sediment (% cover)
Benthic cyanobacteria (% cover)
Filamentous periphyton (% cover)
Diatoms and cyanobacteria (% cover)

Clarity (visible distance, m)
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National compulsory attributes requiring an action plan

Dissolved Reactive Phosphorus (mg/L)

Fish (IBI)

H

Additional attributes for information

Dissolved inorganic nitrogen (mg/L)

Deposited fine sediment (% cover)

Deposited fine sediment (Quorer method)

Footnotes:

1. This is a national complusory attribute below point source discharges and a Southland attribute elsewhere

Streamsand rivers state:
Fiordland and Islands FMU 2019

Natural
State

Poor

Very poor (E. coli only)

Pass
Fail

or

Caroline Burn above Lake Hauroko

Southland attributes

Macroinvertebrates (MCI, wadable rivers only)
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Streams and rivers state:
Aparima FMU 2019

Very good

Good

Fair

Poor

Very poor (E. coli only)
or

Pass
Fail

I

National compulsory attributes

Periphyton (Ché mg/m?)
Nitrate toxicity (mg/L)
Ammonia toxicity (mg/L)

Dissolved oxygen (mgA_)
E. col(E. coli100 mL)
Southland attributes

Macroinvertebrates (MCI, wadable rivers

only)

ia

Temperature- summer (°C, DecMar)

Temperature- winter (°C, May Sep)

E. coliat popular bathing sitesH, colil00 mL)

Clarity (visible distance, m)

Deposited fine sediment (% cover)

Suspendend fine sediment (turbidity, FNU)

Benthic cyanobacteria (% cover)
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Filamentous periphyton (% cover)

Diatoms and cyanobacteria (% cover)

H

Additional national compulsory attributes requiring an action plan

Dissolved Reactive Phosphorus (mg/L)

Fish (IBI)

-
-

H
m

Additional attributes for information

Dissolved inorganic nitrogen (mg/L)

Deposited fine sediment (% cover)

Deposited fine sediment (Quorer method)

Footnotes:

1. This is a national complusory attribute below point source discharges and a Southland attribute elsewhere
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Streams and rivers state:

nNBUA

Hawmd

Ca

or

Very good

Good

Fair

Poor

Very poor (E. coli only)

Pass
Fail

I

National compulsory attributes
Periphyton (Ché mg/m?)
Nitrate toxicity (mg/L)

Ammonia toxicity (mg/L)

Dissolved oxygen (mgA.)
E. coliE. colil00 mL)

Southland attributes

-

Macroinvertebrates (MCI, wadable rivers only|

Temperature- summer (°C, DeMlar)

Temperature- winter (°C, MaySep)

E. coliat popular bathing sitedH, colil00 mL)

Clarity (visible distance, m)

Deposited fine sediment (% cover)

Suspendend fine sediment (turbidity, FNU)

Benthic cyanobacteria (% cover)

4TI

-

Filamentous periphyton (% cover)

Diatoms and cyanobacteria (% cover)

National compulsory attributes requiring an action plan

DissolvedReactive Phosphorus (mg/L)

Fish (1BI)

Additional attributes for information

Dissolved inorganic nitroggmg/L)

Deposited fine sediment (% cover)

Deposited fine sediment (Quorer method)

Footnotes:

1. This is a national complusory attribute below paatirce discharges and a Southland attribute elsewhere
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National compulsory attributes

Periphyton (Cha mg/m?)

Nitrate toxicity (mg/L)

Ammonia toxicity (mg/L)

Dissolved oxygen (mgh_)

E. col(E. colil00 mL)

Streams and rivers state: . .|l Spring
Lowland soft bed Lowland hard bed Hill Mountain
Mataura FMU 2019 fed
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Southland attributes

Macroinvertebrates (MCI, wadable rivers only)

Temperature- summer (°C, DecMar)

Temperature- winter (°C, May Sep)

E. coliat popular bathing sitesH, colil00 mL)

Clarity (visible distance, m)

Deposited fine sediment (% cover)

Suspendend fine sediment (turbidity, FNU)

Benthic cyanobacteria (% cover)

Ty IR

Filamentous periphyton (% cover)

Diatoms and cyanobacteria (% cover)

National compulsory attributes requiring an action plan

Dissolved Reactive Phosphorus (mg/L)

Fish (IBI)

Additional attributes for information

Dissolved inorganic nitrogen (mg/L)

Deposited fine sediment (% cover)

Deposited fine sediment (Quorer method)

Footnotes:

1. This is a national complusory attribute below point source discharges Sodthland attribute elsewhere
2. Sites which fall within the Waituna FMU contained within the Environment Court Interim Decision on the proposed SWLP
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