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This study analysed the available water quality data in the Otago Region. The state of water quality in
the region is eported, on a site by site basis, relative to targets specified in the National Objectives
Framework (NOF) of the National Policy Staterfemishwater Management (NPSFM, 2020). In
addition, the study assessed water quality trends site by site, and acrag® @s a whole. ORC
engaged Landwaterpeople (LWP) to evaluate water quality state (LWP, 2020a) and undertake trend
analysis (LWP, 2020b).

State analysis was based on water quality samples collected overyetivgperiod from 1 July 2015
to 30 June 202a@nd compared to the fivgear period 1 July 2012 to 30 June 2017, which is defined as
the baseline state (NPSFM, 2020).

Water quality analysed represented pOysicechemical and microbiological variables and biological
indicators for 124 monitoring sigein the region; the sites included ORC monitored river site@),(11
NIWA monitoredNational River Water Quality Network (NRWQN) sites (5) and ORC monitored lake
sites (9 lakes, 22 sites/depths). All variables were evaluated for state and trends agsalivwdien
sufficient data was available), this report describes only river state and trends for the variables that
specifically relate to theéN\PSFM 202CchlorophyHa, total nitrogen, total phosphorusmmoniacal
nitrogen, nitrate, suspended fine sedimentmacroinvertebrate community index (MCI)
macroinvertebrateaveragescore per metric (ASPM), dissolved reactive phosphoausl E. coli.The

state and trend outputs for all sites and variables are provided in supplementary files (a full list of
these fileds provided in Appendix A). Sites were graded as a NOF Band (A, B, C, D, and for E. coli) (for
NOF Criteria) for each variable based on a comparison of the assessed state with the relevant criteria.

Trend analysis was carried out for-t€ar and 26year peiods ending on 1 September 2020 for all site

and water quality variable combinations that met a minimum requirement for numbers of
20aSNDIFGA2yad ¢KS YSGK2Ra dzaSR F2NJ adladAradaaolt
and the Sen slope estator (SSE), which have both been used for trend analysis of water quality for
several decades (Hirsch et al., 1982). LWP (2020b) considered flow adjustment as part of the trend
assessment.

Individual site trend estimates were aggregated, to provide aral/picture of trends for the region.

This was done graphically using stacked bar charts showing proportions of sites for each variable that
fall into different trend direction confidence categories. For theygar trend period the predominant

trend direction was variable by water quality analyte but that they@@r trends were predominantly
degrading for all variables apart from ammoniacal nitrogen.

The most obvious pattern associated with the assessment of water quality state was that almost all
sites passed the NOF criteria for ammonialatoxicity and nitrate toxicity. There are obvious spatial
patterns associated with the variation in gradegter quality is best at river and stream reaches
located at high or mountainous elevations under predoamitly native cover. These sites tend to be
associated with the upper catchments of larger rivers (e.g. Clutha River/Mataand the outlets

from large lakes (e.g. Hawea, Wakatipu and Wanaka). Water quality is generally poorer at sites located
on smallerJow-elevation streams that drain pastoral or urban catchments.

There is a lack of detailed information held by Otago Regional Council on local or catchment scale land
dzaS OKIy3aS 2NJftFyR YIyYylF3SYSyid LINI Ol oCdménkohy 3Sa ®
drivers of trends evident across Otago. This is likely to be addressed by requirementNiRSE&

2020 which requires that freshwater is managed in an integrated way that considers the effects of the

use and development of land on a whalecatchment basis, including the effects on receiving
environments.
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Otago Regional Council (ORC) operates a State of Environment (SoE) water quality monitoring network
in lakes and rivers throughout the region for monitoring the state ameds in water quality and
reporting on policy effectiveness. Prior to r#@18, there were fewer monitoring sites in the Region,
following a review (NIWA, 2017), a more extensive monitoring programme commenced-20&8d

to better represenenvironmentalklasses in the Otago region, based largelyherRiver Environment
Classification (REGMfE, 2004)

This study analysed the available water quality data for rivers in the Otago Region. The state of water
guality in the region is reported, on a sitg bite basis, relative to the attribute states specified in the
National Objectives Framework (NOF) of the National Policy StateRmeshwater Management
(NPSFM, 2020). In addition, the study assessed water quality trends site by site and across the Otago
region as a whole. All results are presented in Freshwater Management Unit (FMU) chapters.

The aims of this report are to:

1 Report on the state of water quality and ecology indicators in rivers and lakes relative to
attribute states in the NPSFM 2020cato each FMU/Rohe;

1 Identify significant trends in water quality and apply level of confidence categories to convey
the confidence that the trend (or step change) indicates improving water quality.

T aSSi /2dzyC))\fQé wal 2()fAﬁl-@Y@KNEMﬁ’SHSIJﬁR&'EIhﬁKQ
lakes.
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2.1 Region Description

The Otago region covers a land area of 32,008, krom the Waitaki River in the north to Brothers
Point in the south, and inland to Lake Wakatipu, Queenstown, Hawea, Haasinddsadis Pass. The
distinctive and characteristic landscape of Otago includes the Southern Alps and alpine lakes; large
high- country stations; dry central areas, with tussock grassland and tors; and dramatic coastlines
around the Otago Peninsula andetiCatlins. Lowland pasture country is common in the west. The
OKI N OGSNJ 2F GKS NBIA2YyQa 41 GSNI 62RASAE Aa RADGSNZ
throughout the region.

The Clutha River/Matéu drains much of the Otago region. Its ¢atent area totals 21,000 kinand

75% of the total flow of the river at Balclutha comes from the outflows of Lakes Hawea, Wanaka and
Wakatipu. Larger rivers feeding into the Clutha catchment include the Cardrona, Lindis, Shotover,
Nevis, Fraser, Manuhereki Teviot, Pomahaka, Waitahuna and Waiwera rivers. The Clutha and its
principal tributary, the Kawarau River, pass through gorges, two of which are dammed for hydro
electricity generation.

The second largest catchment in Otago is the Taieri River (5i®0lkrises in the uplands of Central
Otago and meanders between mountain ranges before passing through an incised gorge and crossing
the Taieri Plain, where it joins the waters of the Lake Waipori and Waihola catchments and becomes
tidal before makingts way through another gorge to the sea at Taieri Mouth.

Other significant Otago rivers drain the coastal hills in catchments of varying character. In the north,
the Kakanui, Waianakarua, Shag and Waikouaiti rivers rise in high country and pass throghkma
downlands. The Tokomairiro River, which flows through Milton, south of Dunedin, drains rolling
country between the Taieri and Clutha catchments. Rivers to the south of Otago, particularly the
Catlins area, emerge from wetter, often forested hills.

¢tKS SYy@ANRYYSyillf O2yGSEG Ay 6KAOK hil32Qa 61 GSN
Southern Alps and occasional very low rainfall in the serdicentral Otago valleys. Despite the large

water volumes in the region, parts of Otag@among the driest areas in New Zealand. Several rivers

F'NE OKLF NI Ol SINRANIR Sl 3 yWd IdZRSNJT G KS [ AYRA&X al ydzKS
and their tributaries (Regional Plan: Water 2004) (ORC, 2017)

2.2 Freshwater management units

To giveeffect to theNPSFM 2028nd take a more localised approach to water and land management,
ORC developeBreshwater Management UnfEMU)boundaries incorporating the concept of ki uta
ki tai (from the mountains to the sea).

In Otago five FMUs have beercognisedFigurel Map showing the FMU and Rohe boundariete

of Environment monitoring site locations are also shdwigure 1; Clutha/MataAu, Taieri, North

Otago, Dunedin Coastal and Catlins. Theh@liMata-Au FMU has been further divided in to five sub
FNBFasx 2N Yw2KSQX F2NJ I Y2NB GFAft2NBR g6 0SN YLy
Upper Lakes Rohe, Dunstan Rohe, Manuherekia Rohe, Roxburgh Rohe and Lower Clutha Rohe.
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2.3 Upper Lakes Rohe (Clutha Matu/Au FMU)

The Upper Lakes Rohe encompasses Lake Wakatipu, Lake Wanaka, and Lake Hawea and all the
tributaries that flow into them, effectively acknowledging this is a pristine, high value area. The
headwaters of the catchment are predominantly in rugged, steep terrain with the highest point, Mt.
Aspiring, reaching 3027 m. Numerous headwater streams suttted3art River and Matukituki River
originate along the eastern boundary of the Southern Alps and are fed by permanent glaciers.

The rivers and streams of the Upper Lakes FMU cover a broad range of river types, however based on

the River Environment Clsification (Appendix 1) cool/wet and cool/extremely wet rivers are a
significant contributor to total river length throughout the RolteK S w9/ Of I adSa WwgSiQ
' YSIY LFyydzZt NIAYFLEEE 2F pnn YY (a8havipgameaY YT WS
annual rainfall greater than 1500 mm. Water yields from these streams and rivers is high. Also of
significance is the proportion of glacial rivers. The high proportion of native cover in the upper
catchments of the large lakes falls ireas of high to very high rain and snowfall. This provides large
volumes flowing from pristine catchments of exceptional quality that feeds the Southern Great Lakes.

ORC monitors 23 river sites and three lakes in the Upper Lakes Rohe, many of theesvesresit
established in 2018.

2.4 Dunstan Rohe (Clutha Matu/Au FMU)

The Dunstan Rohe is essentially the 1méttion of the Clutha FMU and encompasses the Kawarau
WABSNI yR GKS /fdziKI wA@SNI FNRY GKS 2dziFtz26a 21
bounday is at the Clyde Dam. The Rohe encompasses dryer catchments where water use is high and
where there are water quality pressures and high growth. The major tributaries of the Dunstan Rohe
include the Cardrona River (347 km2), Luggate Creek (123 km2y Rindr (1039 km2) and the

Shotover River (1091 kmZ)RC monitors 16 river sites and three lakes in the Dunstan Rohe.

2.5 ManuherekiaRohe(Clutha Matu/Au FMU

The Manuherekia catchment is located noghst of Alexandra, Central Otago, and is the largdst su
catchment of the Clutha / Matau catchment. It has a distinct community, high water use and highly
modified hydrologyThe Manuherekia has a catchment area of approximately 3035 km

The Manuherekia catchment can be divided into two major-satthmens. The eastern Ida Valley

drains the easternandsoutB I A G SNY hdlF 32 dzLJX I yR&a o0Ww2dzZK wAR3ISQ
is separated from the Ida Valley by the central Raggedy Range, where the Idaburn River drains through

a single gorge into the Manenekia River¢ KS NA GSND& KSIFRgFGSNAR FNB Ay |
catchment is surrounded by mountainous terrain, except to the sauist, where it joins the Clutha
River/MataAu at Alexandra (Kiensle, 2008).

Low rainfall in the valley bottoms led tthe early development of extensive water storage and
irrigation schemes. Consequently, three reservoirs were established in the Manuherekia catchment to
provide water for irrigation. Falls Dam was built in 1935 to capture the high rainfall water supipéy i
northern highaltitude part of the catchment and has a capacity of 11 MRoolburn Reservoir was
constructed in 1931, with a capacity of 26 Fjiwhile Manorburn Reservoir was built in 1935 and has

a capacity of 51 Mi(Kiensle, 2008).

There are seval major irrigation schemes. Flow of the Manuherekia River is partly controlled by
releases from Falls Dam. Blackstone Hill, Omakau, Manuherekia, and Galloway irrigation schemes take
water out of the Manuherekia River and distribute the water through &awoek of open water
channels to irrigate the Manuherekia Valley. The Poolburn Reservoir is used to store water to irrigate
Ida Valley. Water from the Manorburn Reservoir is partly diverted into the Manuherekia Valley over
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an open water race to irrigate thgpper Galloway Irrigation Scheme. The rest of the Manorburn water
is used for irrigation in the Ida Vall@iensle, 2008).

The contribution of water from the Ida Valley to the mainstem Manuherekia is minimal during the
summer months. For examplduringthe 20082009 irrigation season theool Burn at Cobb Cottage
(after the confluence of the Idaburn and Poolburn, prior to entering the gorge) had a median flow of
50 I/s, compared to a median flow of 4433 I/s in the Manuherekia at Gphiltis is importahto note

when considering the contribution of water quality contaminants in the lower Manuherekia River
during the irrigation seasoi®RC monitors eight river sites in the Manuherekia Rohe.

2.6 Roxburgh Rohe (Clutha Matu/Au FMU)

The Roxburgh Rohe is boundeaxthe north by the Clyde Dam and to the South at Beaumont. The
Rohe covers just over 1,000 square kilometres and encompaasgsments of the Fraser River (327
km2), Lake Onslow and the Teviot River (332 km2) and the Benger Burn (33dskwell asmall
tributaries entering the Clutha between Clyde and Beaumont. Lake Onslow is-matEn830ha lake

at the head of the Teviot River, 700m above sea le@RC monitors four river sites and one lake in
the Roxburgh Rohe.

2.7 Lower Clutha Roh€Clutha Matu/Au FMU

The Lower Clutha Rohe runs from Beaumont to the Pacific Ocean where the Clutha RivénWMata
discharges to the sea near Balclutha. The Lower Clutha Rohe includes the catchments of the Tuapeka
River (249 krf), Pomahaka River (2060 RmWaipahi River (338m?), Waiwera River (208 Knand

the Waitahuna River (406 Kin

The Pomahaka River is the largest catchment of the Lower Clutha Rohe. The upper reaches of the
Pomahaka catchment are steep and dominated by tussock, while the lower reaches are primarily
pastoral rolling hill country and intensively managed land. Soils are generally poorly drained requiring
artificial drainage predominantly in the form of tile drains. If inappropriately managed, these tile and
mole drains accelerate water and associatedtaminant flows of nitrogen, phosphoroasd bacteria

to local watercoursesORC monitors 14 river sites and one lake in the Lower Clutha Rohe.

2.8 Taieri FMU

The Taieri River rises in the Lammerlaw and Lammermoor Ranges at 1,150m above sea level. The river
flows through the dry Maniototo Plain, Strath Taieri Plain and thelJomg Taieri Plain before reaching

the Pacific Ocean about 30km sowtlest of Dunedin. The main tributaries of the Taieri River are the
Kyeburn, Sutton Stream, Deep Stream, Lee Str&ilrerstream and the Waipori River.

The upper Taieri headwaters drain a relatively undeveloped area of native tussock country on the
northern side of the Lammerlaw Range. The river then flows through the dry, 660kmz2 area of the
Maniototo Plain, west oftte Rock and Pillar Range. The river follows an extremely meandering course
through large Scroll Plains in the Maniototo. These are unique and scientifically important features of
the upper catchment. Beyond the northern end of the Rock and Pillar RaregEytBurn flows into

the Taieri and contributes high levels of sediment to the river. These high sediment loads may be in
part due to historic gold mining activities in the Kye Burn Catchment.

1 https://www.orc.govt.nz/media/2437/webversionmanuherkiaaeport2.pdf.
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The midreaches of the Taieri River flow through the smallexttsiTaieri Plain (occupying an area of
85km?), past Middlemarch, and through the Taieri Gorge. Many small tributaries join the main stem
of the river along this subegion.

Most of the human settlement is in the lower Taieri Catchment on the Taieri @leénpying an area

of 180km?), where the town of Mosgiel is located. The floodplain area is intensively farmed (mostly
dairying). The lower Taieri River is joined by the Silverstream, which provides high quality trout
spawning and nursery habitats for thver fishery. A large floodplain and the associated Lake
Waipori/Waihola wetland complex are the dominant features of the lower catchment. Part of the
lower Taieri plain lies below sea level, and the potential for flooding has resulted in extensive flood
protection works, including floodbank construction and channel straightening (e.g., the lower
Silverstream) which has significantly altered the physical habitat quality of some river reaches. ORC
monitors 19 river sites and one lake in the Taieri FMU.

2.9 Dunedin Coast FMU

The Dunedin Coast FMU recognises the middle coast of Otago, starting south of Karitane,
encompassing Dunedin city and Otago Peninsula and the coastal catchments to Cluthad/Mata

mouth. All of these areas have similar water quality issuekwater quantity demands. ORC monitors

GKS OFrGOKYSyiGta 2F [AYyRaleéQa /NBS1Z GKS [SAGK { 4N
and the Tokomairiro River and Akatore Creek to the South.

The Leith Stream catchment covers an area of 42 Rimeheadwaters of the Leith Stream originate

at the saddle between Mount Cargill and Swampy Hill and flow for 12 km in a-sastérly direction

to discharge direct to the Otago Harbour, Dunedin. There are numerous tributary streams to the Leith,
the principal of which is Lindsays Creek which flows for 7 km to its junction with the Leith Stream at
the Dunedin Botanical Gardens. Significant areas of the lower catchment of the Leith Stream and
Lindsays Creek flow through urban areas of the Dunedin City.

The Kiorai Stream has a total catchment area of 55 &md flows in a south westerly direction for
approximately 15 km down the Kaikorai Valley into Kaikorai Estuary. The headwaters originate in the
Kaikorai Hills to the north. The catchment includes the wasfianks of Dunedin city and all of Green

Island. The remaining area includes the communities of Fairfield and Waldronville (ORC, 2008).
CNI} aSNRa {iGNBFY Aa I YF22NJ dNROodziF NBE 2F GKS YIA]
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values of the Kaikorai Stream downstream of the discharge point(@808).

The Tokomairiro River is located about 48 km seméist of Dunedin and has a catchment area of 403
km?. The catchment has indistinct boundaries, with no dividing mountain ranges between it and
neighbouring catchments. It is bordered to the ebgttributaries of the WaiholVaipori wetland
complex (including Meggat Burn and Boundary Creek) and a number of coastal tributaries including
Akatore Creek. ORC monitors eight river sites in the Dunedin Coast FMU.

2.10 North Otago FMU

The North Otago FMU caaihs parts of the lower Waitaki Plains; the Kakanui catchment that includes

the Kakanui River, Kauru River and Waiareka Creek; the Waianakarua Stream and Trotters Creek along
with river catchments that drain independently to the sea; and to the south,Shag River and
Waikouaiti River.

From its source in the Kakanui Mountains, the Kakanui River flows-aastifor about 40 km, through
gorges incised in rolling or downland country, before emerging onto plains at Clifton. The Kakanui
wA GSNDa ¢ lisihéany usdsl forirdghitiors In recent times concern has been expressed about
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agricultural intensification and subsequent degradation of water qualiye lower Kakanui River and
Waiareka Creek are dominated by a mixture of beef, sheep, deer, crogpihparticularly since the
introduction of irrigation water into the Waiareka Creek catchment by the NOIC irrigation scheme
dairy farming. In contrast, land use in the Kauru and upper Kakanui are typified by red tussock, native
forest, plantation forestryor pasture for red deer, sheep and beef. The water quality in the alluvial
gravels of the Kauru River and the matem Kakanui River, particularly upstream of Gemmels
Crossing, is influenced by groundwater surface water interaction. There is verngiitk@dwater
surface water interaction in Waiareka Creek (Ozanne and Wilson, 2013).

The Waianakarua River is a small river with a catchment area of Zaghkoh rises in the Horse Range
and Kakanui Mountains in North Otago. Much of the catchment consisextensively grazed
grasslands and scrub, native forest, and plantation forestry but intensification of land use in the lower
catchment has occurred in recent years.

The Shag River catchment covers an area of 550 khe Shag River is a medium sizedrrivith its
headwaters originating on the southiestern slopes of Kakanui Peak in the Kakanui Mountains. From
here it flows 90km in a soutbasterly direction past the township of Palmerston before entering the
Pacific Ocean to the south of Shag Poine Bhag catchment is dominated by extensive agriculture
and forestry with some shoitotation cropping in the lower catchmenthere is currently no dairy
farming in the Shag catchment, although some farms are used for dairy support (Olsen, 2014).

The Waikuaiti catchment area covers 421 knthe river has two main branches, the North Branch
and South Branch. The North Branch has a catchment area of 28ardnthe South Branch a
catchment area of 86 ktnThe remaining 52 khincludes the area downstream tfe confluence of

the two main branches along with the Waikouaiti Estuary. The headwaters of the north branch
originate in the Macraes Flat area, whereas the south branch drains the northern slopes of the Silver
Peaks. ORC monitors 15 river sites the N@tago FMU.

2.11 Catlins FMU

In the South of Otagahe Catlins FMldontains a collection of smaller catchments that feed into the

sea south of the Clutha / Mata dz Ol 6§ OKYSyi® ¢KAa Cal O2y il Aya
Conservation Park. The coast isrdpated by sandy bays and cliffs and from there, the land rises
steadily from the soutkeast to northwest, reaching its maximum altitude (720 m) at Mt Pye, in the
headwaters of the Tahakopa and Catlins Rivers, and then it falls again, through rollitrg,dowards

the Mataura River (in Southland) and the Clinton lowlaride forested ridges provide a contrast to

the cleared valleys, where more intensive agricultural activities are present. Headwaters of all major
rivers rising from within the Catlinsalie their vegetation intact.

ORC monitors four rivers in the Catlins FMU, the Catlins River, Owaka River, Maclennan River and the
Tahakopa. The Catlins flows sowhstward. Its total length is 42 km and it shares its estuary with the
Owaka River, whicHdws into the Pacific Ocean at Pounawea, 28 km south of Balclutha. The Owaka
River is 30 km long and flows sotghst. Its source is on the slopes of Mt Rosebery. The Tahakopa
River flows soutfeast through the Catlins. Its total length is 32 km, anai$ into the Pacific Ocean

30 km east of Waikawa, close to the settlement of Papatowai. The Maclennan River is 17.5 km long
and enters the Tahakopa River near Maclennan. ORC monitors four river sites Catlins FMU.

21 Otago Water Quitly: Rivers and Lakes 20Q020



3 hwk2yAGRNRYNI YYS

3.1 Water QualitySites

SoE monitoring sites covered in this report include 110 river’sited22 monitoring sites/depths for

lakes NIWA monitors an additional five sites in the Otago region as part of the National River Water
Quality Network (NRWQNTFigurel shows the location of the riveand lake monitoring sites.
Significant changes to the SOE monitoring programme have occurred over the years, the main changes
are:

I UptoJune 2013, ORC collected surface water quality sampledimonthly basis. From July
2013, sampling frequency increased to monthly sampling.

9 Prior to mid2018, there were fewer monitoring sites in Otago, following a review (NIWA,
2017), a more extensive monitoring programme commenced ir20@8B to betterrepresent
environmental classes in the Otago region, based largely on the River Environment
Classification (REC). The number of river sites monitored expanded from 65 to 106.

9 Prior to mid2018 SoE lake monitoring sites consisted of a mix ofdakiet (lakes Wanaka,
Wakatipu and Hawea) and lakshore (lakes Dunstan, Hayes, Johnson, Onslow, Waihola and
¢dzZl {TAG2020 al YL AYy3 araiaSao c2ft2gAy3a blL2! Q&
Onslownow are midlake sampled with full vertical water columprofiled on every sampling
occasion.

1 A review of the biomonitoring programme (NIWA, 2017) to better represent environmental
classes in Otago, meant the cessation of several macroinvertebrate sites in 2018 and the
adoption of several new sites.

3.2 Water qualty variables

River and lake water quality was assessed using varittid¢scharacterise physical, chemical and
microbiological conditions, and macroinvertebrate community compositidhvariables included are
attributes described in Appendix 2% 2B d the NPSFM

3.2.1 Phytoplankton, Periphyton and Nutrients

Healthy freshwater ecosystems have low (oligotrophic) to intermediate (mesotrophic) levels of living
material and primary production (growth of plants or algae). High levels of nutrients, primarily
nitrogen (nitrate) and phosphorus (phosphate), can cause water bodies to become eutrophic.
Eutrophic states are associated with periodic high biomass (blooms) of plants or algae, including
suspended algae (phytoplankton) in lakes and algae on the beds ofmstiaad rivers (periphyton).

ChlorophyHa is a common method for estimating stream periphyton biomass (Ministry for the
Environment, 2000) because all types of algae contain chloreghyfis metric reflects the total
amount of live algae in a sample.ertrophic state of a water body is the amount of living material
(biomass) that it supports. The NPSFM 2020 specifies attributes for tropic state based on
phytoplankton biomass in lakes (NPSFM 2020, Appendix 2A, Table 1) and periphyton bigimerss
(NPSFM 2020, Appendix 2A, Table 2), chlorophyis the measure of biomass that the NOF
phytoplankton and periphyton attributes are based on.

Nitrate (NQN), ammoniacaN (NHN), dissolved reactive phosphorus (DRP), total nitrogen (TN) and
total phosphorugTP) influence the growth of benthic river algae (periphyton), lake planktonic algae

2 SoE monitoring currently covers 106 river sites. Some sites were discontinued in 2018, riepioated.
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(phytoplankton) and vascular plants (macrophytes). The NPSFM specifies additional attributes for TN
and TP in lakes (NPSFM 2020, Appendix 2A, Table 3 and Table 4).

The NISFM 2020 does not specify nutrient concentration criteria to manage the trophic state of rivers,
because the relationship between trophic state and nutrient concentrations varies between rivers
even at the regional scale. The nutrient criteria to achieeghyton biomass objectives in rivers are
river specific and should be derived at the local level (MfE, 2018).

The Ministry for the Environment has produced guidance (MfE, 2020) for defining nutrient
concentrations to manage the NPSFM 2020 periphytonitaite states in rivers. The guidance is
centered around spatial exceedances for TN and DRP. Spatial exceedance is used because deriving
nutrient targets to achieve a target periphyton growth cannot be 100% certain due to natural
variability, complex inteactions in the environment, and the complexity of the relationship between
nutrients and periphyton abundance (MfE, 2020). Given the short record of chlora@pblytiervations

in the region, these nutrient concentration criteria provide a useful alteugator estimating trophic
A4S Ay GKS NBEIA2YQa NADSNEO®

In this report TN and DRP median concentrations are compared to the spatial exceedance criteria of
20% (as opposed to 10% or 30%). At this level there is some risk (i.e., 20%) that the chlarophyll
response at some sites will exceed the desired chlorophlgheshold, even if DRP or TN concentration
targets are achieved.

In addition to the MfE guidance, thdPSFM 2020 provides an attribute table for DRP in rivers to
protect ecosystem health. In conmation with other conditions favouring eutrophication, DRP
enrichment drives excessive primary production and significant changes in macroinvertebrate and fish
communities, as taxa sensitive to hypoxia are lost. The NPSFM 2020 (Appendix 2B, Tableil2€3 descr
that at concentrations below the national bottom line, it is expected that ecological communities are
impacted by substantial DRP elevated above natural reference conditions.

3.2.2 Toxicants

When ammonia is present in water at high enough concentratioms difficult for aquatic organisms

to sufficiently excrete the toxicant, leading to toxic builg in internal tissues and blood, potentially
leading to death. Environmental factors, such as pH and temperature, can affect ammonia toxicity to
aquatic aninals.The NPSFM 2020 has developed an ammonia toxicity risk framéWB&~M 2020,
Appendix 2A, Table ®hen toxicity concentrations aregow the national bottom line, toxicity starts
impacting regularly on the 20% of the most sensitive species.

Nitrate generally impacts on trophic state at much lower concentrations than those that are toxic.
Because of this, nitrate will generally be managed well within toxic levels by the requirement to
manage trophic state (e.g., periphytofhe NPSFM has developediaate toxicity risk framework
(NPSFM 2020, Appendix A, Tablevbgn toxicity concentrations aregow the national bottom line,
toxicity has growth effects on up to 20% of species monitored.

3.2.3 Suspended sediment

Suspended fine sediment can severely affealuies around water, particularly around ecosystem
KSIHfGKd | A3K 02y OSy (NI (A2 yhgh iyact andizdsttddny RdBaRanda SR A Y ¢
ecological communities are significantly altead sensitive fish and macroinvertebrate species are
lostoratK A 3K N & | (NPFFMH2820)yispénded in@sediment can be monitored by clarity

or turbidity measurements.

Clarity is a measure of light attenuation due to absorption and scattering of dissolved and particulate
material in the water column. Qf&y is monitored because it affects primary production, plant
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distributions, animal behaviour, aesthetic quality and recreational values. Clarity is correlated with
suspended solids, which can impede fish feeding and cause riverbed sedimentation. iSldmity
metric used in the NPSFM 2020 suspended fine sediment attribute table (NPSFM 2020, Appendix A,
Table 8).

Turbidity refers to light scattering by suspended particles. Nephelometric turbidity is generally
inversely correlated with visual water clar{@aviesColley and Smith, 2001), but unlike visual clarity,
turbidity measurements do not account for optical effects (i.e., absorption) of dissolved materials. The
NPSFM 2020 allows for the conversion of turbidity to visual clarity. ORC does not mesisalrelarity

and applies this conversion.

3.2.4 Agquatic Life

Macroinvertebrates are an important component of streams and rivers because they aid ecosystem
processes and provide food for fish and some birds. As macroinvertebrates have a relativife long
span, they are good indicators of environmental conditions over a prolonged period.
Macroinvertebrates are included in the NPSFM 2020 as attributes requiring an action plan (NPSFM
2020, Appendix 2B, Tables-18).

The main measure of macroinvertebrate comntigs, the MCI index, is designed specifically for
stonyriffle substrates in flowing waterThe MCI is responsive to multiple stressors, but not all
stressors, and as such provides a good indicator of the overall condition of the macroinvertebrate
component of stream ecosystem health

MCI values can be affected by factors other than water quality, so it is more informative to consider
changes in MCI values at the same site over a period, rather than among sites throughout the
catchment. For example, a chgm in MCI value at a site may be duehtaman activitiescausing
increased nitrogen or sedimentation with resulting ecological consequences (Clapcott et al. 2018).
Sites with an MCI score of less than 80 are classified as poor, those scatioQ 89fa, those scoring
100ri20 as good, and those scoring higher than 120 as excellent (Stark and Maxted, 2007).

The NPSFM has attribute states for Macroinvertebrate Community Index (MCI) score; Quantitative
Macroinvertebrate Community Index (QMCI) score aratMinvertebrate Average Score Per Metric
(ASPM). Historical monitoring by ORC has included the -Qaeamtitative Macroinvertebrate
Community Index (SQMCI) score, rather than QMCI. As the two are not directly comparable the QMCI
metric is not shown.

The Aerage Score Per Metric (ASPWBs introduced by Collier (2008), it is an aggregation method

for assessing wadeable stream ecosystem health considering the relative responses of core metrics
and iscomposed of three individual metrics, the MCI, EPT richiet® total taxa foundand % EPT
abundance EPT Richness Indestimates water quality by the relative abundance of three major
orders of stream insects that have low tolerance to water pollutBRTcan be expressed as a
percentage of the sensitive oeds (E= Ephemeroptera, P= Plecoptera, T= TricopeachY EPIE the

total number ofEPTindividuals divided by the total number of individuals in the sample)
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3.2.5 Escherichia coli (E. coli)

The concentration of the bacteriunk.coliis used as an indicatoof human or animal faecal
contamination, from which the risk to humans arising from infection or illness from waterborne
pathogens during contagecreation may be estimated.

W2 | §SNI O2yGFYAYFEGSR 6@ KdzYly 2NJ |y Xdééasecadsing OS &
micro-organisms. Viruses, bacteria, protozoa, or intestinal worms can pose a health hazard when the
water is used for drinking or recreational activities. It is difficult and impractical to routinely measure
the level of all pathogens #t may be present in fresh water. Instead, indicator bacteria are used to
indicate the likely presence of untreated sewage and effluent contamination.

E. colis commonly found in the gut of warm blooded organisms and is relatively easy to measure
which makes it a useful indicator of faecal presence and therefore of diseassing organisms that

may be presentE. colis the attribute for specifying human health for recreation objectives for fresh
water because it is moderately well correlated with Cafapgcter bacteria and numeric health risk

f S@Sta OFly o6S OlFftOdzZFGSRd /FYLRE20F OGSNRA2EAA
Wy2iAFAIL 0t SQ RAASI&ASaQ 6aFf93X HAmMyL®

The NPSFM 2020 assesses river swimmability and the attribute states usestfsticataneasures of

E. colconcentrations, the overall state is determined by satisfying all numeric attribute states (NPSFM

2020, Appendix 2A, Table 9). Analysis in this report does not cover primary caesN®SFM 2020,
Appendix 2B, dble 22)
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4 aSUK2Ra
4.1 Water Quality State Analysis

LWPevaluatedstatel & h w/ &nhd laksFo@itSriNg sites for nutrients and bacteriathis section
details the methods LWP used for state analysis ataken directly from LWP 2020a.

4.1.1 Grading of monitoring sites

The water quality state for river and lake monitoring sites is graded based on attributes and associated
attribute state bands defined by the National Objectives Framework (NOF) NRBEM 2020etailed
in Tablel.

Each table of Appendix 2 of tMPSFM 202€epresents an attribute that must be used to define an
objective that provides for a particular environmental value. For example, Appendix 2A, Table 6
defines the nitrate toxicity attribute, which is defined bjtrate-nitrogen concentrations that will
ensure an acceptable level of support fcosystem health (W&tNJ |j datalfiek Qbjectiges are
defined by one or more numeric attribute states associated with each attribute. For example, the
nitrate-nitrogen atribute has two numeric attribute states defined by the annual median and tffe 95
percentile concentrations.

For each numeric attribute, the NOF defines categorical numeric attribute statdeur (or five)

attribute bands which are designated A to(Dr A to E, in the case of tlie colattribute). The attribute

bands represent a graduated range of support for environmental vdtoes high (A band) to low (D

or E band). The ranges for numeric attribute states that define each attribute band arediéh
Appendix 2 of the NRPBM (2020). For most attributes, the D band represents a condition that is
unacceptable (with the threshold betweenthe Cakd§ 5 o YR 06 S A hoflomNIBFS NNB R
any waterbody nationally. In the case of tN&:N (toxicity) andNH:N (toxicity) attributes in the 2020
NPSFM, the C band is unacceptable, and for the DRP attribute, no bottom line is specified.

The primary aim of the attribute bands designated in the NPSFM 2020 is as a basis for objective setting
as pat of the NOF process. The attribute bands are intended to be simple shorthand for communities
and decision makers to discuss options and aspirations for acceptable water quality and to define
objectives. Attribute bands avoid the need to discuss objestimeterms of technically complicated
numeric attribute statesand associated numeric ranges. Each band is associated with a narrative
description of the outcomes for values that can be expected if that attribute band is chosen as the
objective. Howeverit is also logical to use attribute bands to provide a grading of the current state of
water quality; either as a starting point for objective setting or to track progress toward objectives.
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Tablel River water quality variableadluded in this report, including NP®! reference and water

body type
Water | Minimum
NPSFM Reference | body Sample
- NOF Attribute type Requirements Numeric attribute state description Units
A2A; Table 1 ' mgchka 3
Phytoplankton Lakes Median of phytoplankton chi@phylla
Annual maximum of phytoplankton mgchka
chlorophylta
AZA; Table 2, Rivers Minimum of 3 92nd percehtile of periphyton chlorophsydl mgchka 3
Periphyton years of data for default river class
83rd perce.ntilec?f periphyton chlorophyia mgchka mé
for productive river class
A2A; Table 8
Total Nitrogen Lakes Median concentration of total nitrogen mg m?
A2A; Table 4
Total Phosphorus | Lakes Median concentration of total phosphorus | mg n®
A2A; Tqbles i Lakes Median concentration of Ammoniacil 1
Ammonia and mg |
Maximum concentration of Ammoniacal mg I
A2A; Table 6 Rivers _ . .
Nitrate Median concentration of Nitrate mg
95th percentile concentration of Nitrate mg
Median of5-
years of at least
A2A.; Table 8 monthly samples
Suspended fine (at least 60
sediment Rivers samples) Median visual clarity m
minimum of 60
A2A: Table 9 :rll\(/jers rsngpi)rlr?jrr?\;efrsa % exceedances ov260 cfu 100 mt %
Escherichia coli Lakes years
% exceedances over 540 cfu 100'mL %
Median concentration oE. coli cfu100 mtt
95th percentile concentration dE. coli cfu100 mtt
A2B; Table 14 Rivers State calculat.ed Median MCI score i
Macroinvertebrates as byear medan
AZB; Table 15 Rivers Median ASPM score -
Macroinvertebrates
_ _ Median concentration of DRP mg I
A2B; Table 20DRP/ Rivers 95th percentile concentration of DRP mg
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A site can bgradedfor each attribute by assigmg it to attribute bands (e.g., a site can be assigned

to the A band for the NO:N toxicity attribute). A site grading is done by using the numeric attribute

state (e.g., annual median nitratd@trogen) as acompliance statistic The value of the compliaa

statistic for a site is calculated from a record of the relevant water quality variable (e.g., the median

value is calculated from the observed monthNIENO2 Yy OSY (iNF GA2yaod ¢KS airidsSaq
then compared against the numeric rangesaasated with each attribute band and a grade assigned

for the site (e.g., an annual mediaO:N concentration of 1.3 mg/l would be graBe 1B &ant/
0S0IKdzaS Al tASa Ay (GKS NIy3aS pmon G2 Xudn YIkEO
attribute state, a grade for each numeric attribute state has been provided (e.g., fbi@ié(toxicity)

attribute, grades are defined for both the median and"3®rcentile concentrations).

4.1.2 Handling censored values

Censored values were replaced by impigatfor the purposes of calculating the compliance statistics.
Left censored values (values below the detection limit(s)) were replaced with imputed values
generated using RQBegression on Order Statistics; Helsel, 20id)owing the procedure described

in Larnedet al. (2015) The ROS procede produces estimated values for the censored data that are
consistent with the distribution of the uncensored values and can accommodate multiple censoring
limits. When there are insufficient nesensored data to evaluate a distribution from which to
estimate values for the censored observations, censored values are replaced with half of their
reported value.

Censored values above the detection limit were replaced with values dstimssing a procedure
based onsurvival aalysis(Helsel, 2012) A parametric distribution is fittedot the uncensored
observations and then values for the censored observations are estimated by randomly sampling
values larger than the censored values from the distribution. The survival analysis requires a minimum
number of observations for the distribatn to be fitted; hence in the case that there were fewer than

24 observations, censored values above the detection limit were replaced with 1.1* the detection
limit.

4.1.3 Timeperiod for assessments

When grading sites based on NP attributes it is generapractice to define consistenime-periods

for all sitesandto define the acceptable proportion @hissing observations (i.e., dagap9 and how
these are distributed across sample intervals so it gradesare assessed from comparable data.
The time-period, acceptable proportion of gaps and representation of sample intervals by
observations within thetime-period are commonly referred to as site inclusion or filtering rules
(e.g.(Larnedet al., 2018)

The grading assessments were madetfa 5-yeartime-periodto end of Jue 2020. Thestart and
end dates for this period were determined by the availability of quality assudada, reportingtime-
periods and consideration of statistical precision of thenpliance statistis used in the grading of
sites. The stdistical precision of the ampliance statistis dependson the variability in thewater
guality observationsand the number of observationgor a given level of variability, the precision of
a ompliance statistiagncreases with the number of observationkhis is particularly important for
sites that are close to a thresholtkfined by anattribute band because the confidence that the
FaaSaaySyid 27T iajthafitBe siledhasBéra duNEtade) increaseswith the
precision of the comfdnce statistics (and therefore witlhe number of observations As a general
rule, the rate ofincrease irthe precisionof compliance statistis slows for sample sizes greater than
30 (i.e., there are diminishing returns on increasing sample size with respeptetosion (and
therefore confidence in the assigned gra@dpve this numbeof observationsMcBrice, 2005)

In this study, a perioaf five years represented a reasonable trawié for most of theattributes
because it yielded a sample sae80 or moreobservationdor many sites andttribute combinations
The fiveyear period for the state analyses is also consistent with natiwatdr-quality state analyses
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(e.g.,Larnedet al, 2015, 2018)as well as guidance for a number of specific attributes withe
NP$M (2020)Where no guidance was provided, a default filtering rule that required at least 30
observations in the feartime-period was used. & annually sampled macroinvertebratariables
which are generally less variable than physical or dbahwater quality variablegshe nominated
minimum sample size requiremewtas reduced to 5.

For grading the suspended fine sediment @&doliattributes, the NP$M requires 60 observations

over 5-years. For monthly monitoring, this requires collectiof all monthly observations (i.e., no
missing data). All ORC records have at least one missing observation associated with the national
COVIEL9 lockdown in April 2020, and so no sites met this requirement for the selénteepberiods.

For this studythe rule to require observations for 90% of months over thgear period (54
observationswas relaxed Both this relaxation and default sample number are subjective choices.

4.1.4 Calculation of water clarity

The NPBM suspended fine sediment attribute iaded on observations of visual clarity. ORC river
monitoring programme does not include visual clarity but does routinely collect turbidity observations.
Franklin et al(2020)define a relationship between median clarity and median turbidity, based on a
regression of 582 sites across New Zealand as:

In(CLAR) = 1.210.72 In(TURB)

where CLAR is site median visual clarity (m) and TURB is site median turbidity (NTU). Idythis stu
medan turbidity values over the-geartime-periodwas calculated firstand then calculated median
clarity using the above relationship in order to grade the sites against theFNPPS&uspended fine
sediment attribute.

Sites operated by NIWA as pafttbe national monitoring network include observations of clarity, and
therefore for these sites performance agditise NPSM suspaded fine sednent attribute has been
evaluated with the observed (rather than modelled) clarity values.

4.1.5 pH Adjustment of Anmonia

Ammonia is toxic to aquatic animals and is directly bioavailable. When in solution, ammonia occurs in
two forms: the ammonium cation (NH and unionised ammonia (N} the relative proportions of

the forms are strongly dependent on pH (and temgara). Unionised ammonia is significantly more
toxic to fish than ammonium, hence the total ammonia toxicity increases with increasing pH (and/or
temperature) (ANZECC, 2000ptandards related to ammoniaddl concentrations in frdsvater
typically require a correction to account for pH and temperature. A pH correctiNirifd was applied

to adjust values to equivalent pH 8 values, following the methodology outlined in H2B#&y) For

pH values outside the range of the correction relationship (p8),&he maximum(pH<6) and
minimum (pH>9) correction ratios were applied.

4.1.6 Evaluation of compliance statistics

Ccompliance statistics specified @mnual (maximum, median, 9% percentile) in the NFEM, have
been calculated over the entirgyearstate period.
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4.2 Water Quality Trend Analysis

LWPevaluated10 and 26yeari NBy Ra | i hw/ Qa NA @S Nledchyneastiréd] S Y2y
variable (primarily nutrients and bacterjdis section details the methods LWP used for trend analysis
and is taken directly from LWP 2.

4.2.1 River water quality data

The river water quality data used in this study were supplied by ORC (110 sites) and NIWA (8 sites) and
comprised 114,600 observations at 115 monitoring sites (3 sites overldpgecen the ORC and
NIWA data).

4.2.2 Lake quality déa

The lake watemuality dataused in this study comprised 18,612 observations at 22 monitoring
sites/depths of the 13 variables. Some sites had two depths associated with their water quality
sampling. The different depths were treated as independeniing sites.

The ORC lake monitoring programme underwent maj@angedollowing the NIWA review i2018.
Severahew sies were introduced, r&d older siteswvere phased out. Many of these older sites had
long term records (starting in approximately 2)®ut were ceased byid-2018 Many ofthe water
quality variables at the new sites were also monitored at these locat@uring an intensive
investigation period betwee0062009 These data were extracted from physical records for use in
this study. The extracteddata was not associated witkhensoring information Observations were
reinstatedas @nsored values as part of the ppeocessindased on the detection limits in operation
for the same variables in other lakes over the same-period.

4.2.3 Flow data

Many of the river water quality monitoring sites were associated with flow records, which were also
obtained from the ORC database. Flows associated with the NIWA sites were a combination of
measured and modelled flows. &ér qualityobservationscan be strongly associated with flow, and

the effect of flow on water quality can be accounted for in analysis of treMésn daily flows were
associated with 51 of the 115 monitoring sites (and, of these sifgwoximately87% of all sample
occasions &d an associated flow).

4.2.4 Sampling dates, seasonandtime-periods for analyses

In trend assessments, there are several reasons why it is generally important to define the trend period

and seasons and to assess whether the observations are adequatelpudesdriover time. First,

because variation in many water quality variables is assatiaith the time of the year or seaspn

the robustness of trend assessment is likely to be diminished if the observations are biased to certain

times of the year. Second, trend assessment will always represenirae-period; essentially that
RSTAYSR o0& (KS FANRGOG FyR t1FadG 20aSNBFiA2yaod ¢ K
observations over théime-period is likely to be diminished if the observationearot reasonably

evenly distributed across thtme-period. For these reasons, important steps in the data compilation

process include specifying the seasons,tthee-period, andensuring adequately distributed data

Monitoring programs are generally dgeed to sample with a set frequency, (e.g., monthly, quarterly).

¢KS UNBYR lylfeara WwWaSrazyQ Aa 3IASySNItte aLISOAT;
months, bimonths or quarters). There is therefore generally an observatmreachsample interval

(i.e., eactseason, such amonth or quarterwithin each year). Samplirigequency for some variables
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is annually. For example, annual sampling is common for biological sampling such as macro
AYOSNILISONI GSad Ly ifiedbythedeai S (GKS WwWaSl azyQ Aa aLISc

Two common deviations from the prescribed sampling regime are (1) the collection of more than one
observation in a sample interval (e.g., two observations within a month) and (2) a change in sampling
interval within thetime-period. Bothof these deviations occurred in the ORC datasets, particularly
type (2), as there was a network wide change in sampling frequency in 2013, largely moving from bi
monthly to monthly monitoring for rivers, and from biannual to quarterly for groundwaterOhl12

For type (1) deviations, the median within each sample intemaal taken For type (2) deviations, the
coarser sampling interval to define seasomas used For the part of the record with a higher
frequency,the observations in each season wetefined by takingthe observation closest to the
midpoint of thecoarserseason. The reason for not using the median value in this case is that it will
induce a trend in variance, which will invalidate the null distribution of the test stafidttselet al,,

2020)

The trend at all sites was characterised by the rate of change of the central tendency of the
observations of each variable through time. Because water quality is constantly varying through time,
the evaluated rate of change depds on the timeperiod over which it is assessed (eBpg/lantineet

al.,, 2010; Larneét al, 2016) Therefore, trend assessments are specific for a given period of analysis.
Trend periods of 10 an20-years were evaluated.

For a regional study that ainte allow robust comparison of trends between sites and to provide a

synoptic assessment of trends acra@ssholeregion such as the present study, it is important that

trends are commensurate in terms of their statistical power and representativenetisedfme-

period. In these types of studies, it is general practice to defimmsistenttime-periods (i.e., trend

duration and start datejo that all sites are subjected to the same conditiires, equivalentpolitical,

climate, economiconditiong. Itis also general practice to define the acceptable proportion of gaps

and how these are distributed across sample intervals so that the reported trends are assessed from
comparable data. The acceptable proportion of gaps and representation of sampleaistdry
observations within théime-period are commonly referred to as site inclusion or filtering rules (e.g.,
Larnedet al, 2018)but thisis also terme®?a A 1 S & ONB /YRR ywO 20NLBE (STINGRY1SGR & O NJR

There are no specific data requiremntsror filtering rules for trend assessments performed over many
sites and variables such as the present study. The definition of filtering rules is complicated by a trade
off: more restrictive rules increase the robustness of the individual trend anaktygesill generally
exclude a larger number of sites thereby reducing spatial coverage. In general, thisfiréslalso
affected by the duration of trend period. Steadily increasing monitoring effort in New Zealand over
the last two decades means thataier and more recent trend periods will generally have a larger
number of eligible sites.

The application of filtering rulesof variables that are measured at quarterly intervalsnoore
frequently requires two steps. Firgetain sites for whiclobsavationsare availabldor at leastx% of
the years in theime-period. Second, retain sites for which observations are availlat leastY%
of the sample intervalsFor variables that are measured andyauch as MCthe filtering rules are
appliedbyretaining sites for which values are available for at |e€¥4t of the years in the trend period.

In this study, filtering rules applied by Larned et al. (2019) were used, which set X and Y to 80%. Further,
the definition of seasons was flexible in erdo maximise the number of sites that were included. If

the site failed to comply with filter rule (2) when seasons were set as months, a coarsening of the data
to quarterly seasons was applied and the filtele (2) was reassessed. If the data thempbed with

filter rule (2), the trend results based on the coarser (i.e., quarterly) seasons were retained for
reporting. Bi-months were also includedas an intermediate coarseness between months and
guarters, as tis sampling intervalvashistorically sed
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Using these filter rules, the number of site/variable combinations that would be included in the
analysis under varying trend period end dates was explored. While the intention was to provide the
most recent possible trend assessments (up to the @fnthe observations dataset, August 2020), the
possibility of having an earlier end date was also considered, if that would significantly increase the
number of sites that would comply with the filtering rules. End dates were considered at the end of
months from December 2019 through to August 2020. The results of this analysis are not included in
this report as generally, there was little variation in the number of sites that complied with the filtering
rules for end dates between February 2020 and Aug2@20. The exception was for the
macroinvertebrate metrics, which had a large reduction in the number of sites that complied with the
filtering rules from the December 2019 eoff point to all end dates in 2020 (generally a reduction
from 26 to 13 sites) This arises due the cessation of several macroinvertebrate sites in 2018. In the
interest of providing the most up to date trend assessments, the trends for rivers presented in this
study were for 10 an@0-yearperiods ending at 31 August 2020.

A slidntly different approach has been applied to the lake monitoring data in order to maximise the
assessment of trends for these sites due the irregularity of the monitoring and changes in monitoring
sites. The most recent end date to examine long term, fixeeriod, trends across all sitagas
identified. This date coincided with the termination of monitoring at a number of long term sites at
the end of June 2018. We evaluated trends for &fd 18year periods up to the end of June 2018.
The 18 year perbd was selected as there were no lake data available prior to 2000. For these fixed
period trend assessments, the data were subjected to the same filtering rules as used for the river and
groundwater sites.

Another deviation for the trend analysis aktasites was for a group of sites that were monitored for

a period between 200@009 after which there was no monitoring until the program was re
established in 2018. These sites have been analysed using alternative trend assessment procedures
that evalude the change between the twdime-periods (see Sectiom.2.1])). However, it was
important that the data still complied with thetime-period requirements relating to
representativeness of théme-periods, and hat there was no bias toward any particular season in

the records. Consequentlythe two analysigime-periods for these site/variable combinations to be

three complete years: 1 May 2006 to 30 April 2009, and 1 June 2017 to 31 Mawef@26et It was

also required that at least 80% of observations were available in &@&ehperiod.

4.2.5 Handling censored values

For several watequality variables, true values are occasionally too low or too high to be measured
with precisionThese measurements are callezhsored values.tie detection limitis the loweswalue

that can be measured by an analytical method (either a laboratory measurement or a measurement
made in the field) andhe reporting limitis the greatest value cd variablethat can be measured
Water-quality datasets from New Zealand rivers and lakes often include DRP, TIRHiNd
measurements that areensored because they afgelow detection limits, and ECOLI and CLAR
measurements that areensored because they aabove reporting limits.

Censoredralues are managed in a special way by the-parametric trend assessment methods. It

is therefore important that censored values are correctly identified in the data. Detection limits or
reporting limits that have changed through the tretithe-period (often due to analytical changes)

can induce trends that are associated with the changing precision of the measurements rather than
actual changes in the variable. This possibility needs to be accounted for in the trend analysis and this
is another reasothat it is important that censored values are correctly identified in the data.

AW (OS v dilRmMiAs appliedn the trend assessments to minimise biases that might be introduced
due to changes in detection limits through the trend assessment peribd.hiicensor filter identifies

the highest detection limit for each water quality variable in the trend assessment period and replaces
all observations below this level with the highest detection limit and identifies these as censored
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values. This procede generally had limited impact on the trend assessment, with the exception of
ammoniacal nitrogen, as there was a significant shift in the detection limit, and most of the
observations were generally very small (of similar magnitude to the detectior).limit

4.2.6 Flow adjustment

Wherewater quality observations are made in a river and are associatedanstiiute or particulate
matter (e.g., a concentration or an optical measure such as clarity or turpsgtitpe ofthe varidion
can beassociated with thaiver flow (i.e., dischargé at the time the observation was madéhe
observed valuesan vary systematicallyith flow rate due totwo kinds of physical processeghe
water quality observations may decrease systematically with increasing flow due to thet effe
dilution of the contaminant, or increase with increasing flow due to walof the contaminant
(Smithet al., 1996) Different mechanisms may dominate at different sites so thatsame water
quality variablecan exhibit positive or negative relationships with fld&damewater quality variables
canbe associated with aombinationof dilution and wash off Wh increasing flowFor example, a
portion of theE. colioad may come from point sourcedischargesuch as sewage treatment plants
(dilution effect), but another portion may be derived from surface wagh Increasing flow in this
situation mayresultis an initial dilution at the low end of the discharge range, followed by an increase
with discharge at higher values of discharge.

Trend analysis seeks to quantify the relationship between the water quality observations and time. In
this context, flow ca be considered ag covariate a variable that is also related to the water quality
observations but whose influence is confounding the water qualityme relationshipof interest
Statistical analysis can be used to remove the influence of the cowaoiatthe water quality
observations. For river data, this statistical analysis is called flow adjustment. The same principle can
be applied to other types of environment (e.g., lakes, groundwater) and other covariates (e.g., wind,
precipitation) and so thenore general term is covariate adjustment.

Covariate adjustment has two purposes. First, it can increase the statistical power of the trend
assessment (i.e., increase the confidence in the estimate of direction and rate of the trend) by
removing some ofthe variability that is associated with the covariatgecond, itremoves any
component of the trend that can be attributed to a trend in the covaria&g(a trend in the flow on
sample occasions such as increasing or decreasing flow with time).

Covarige adjustment involves fitting a model that describes the relationship between the water
guality observation and the covariate, and then using the residuals of the model instead of the original
water quality observations in the subsequent trend assessnst@p. In the description of the
covariate adjustment method below, flow adjustmengs the focugi.e., removing the influence of

flow at from water quality observations made in a river). However, in principle, the method is the same
for any other type otovariate adjustment.

Four alternative regression models were considered to describe the relationship between the water
guality observations and flow: lelgg regressionpically estimated scatterplot smoothifgOESS, with
spans of 0.7 and 0.9nd genealised additive models (GAMCensored values were represented
during model fitting by raw values (i.e., the numeric component of the censored values) multiplied by
a 0.5 for detection limit censoring and 1.1 for reporting limit censoring.

The next stepwvas to select the best model from the alternativespert judgementwas usedto
choose the most suitable model based least three considerations: (e homoscedasticity
(constant variance) of the regression residué3model goodness of fit measuresd(3) plausibility

of the shape of the fitted modelThemodelof goodness of fit measure alone should not be relied on
because they aa indicate good model performance but describe unrealistic relationships. This is
particularly likely when more flexidd models are used such &a®ES@nd GAM models ahtherefore
these models should be used with caution.
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When therelationship between flow and thevater quality variable wa poor,it wasconcluded that

that there was not a systematic relationship betwebe observations and flow. In this cas®model
wasselected no flow adjustment was performed and the trend assessment was performed on the
raw data. Choosing not to flow adjust took into consideration the balance between the potential to
reduce variage in the observations, and the risk of selecting an implausible/inappropriate model of
the relationship between the observations and flow.

4.2.7 Seasonality assessment

For many site/variable combinations, observations vary systematicallgdgson(e.g., by math or
quarter). In cases where seasons are a major source in variability, accounting for the systematic
seasonal variatiorshould increase thetatisticalpower of the trend assessment (i.e., increase the
confidence in the estimate of direction and rattthe trend) The purpose of aemsonality assessment

is to identify whether seasons explain variation in the water quality varidbthis is true, then it is
appropriate to use the seasonal versions of the trend assessment procedures at the tresshaese

step.

Seasonality was evaluated using the Krusikédllis multisample test for identical populations. This is

a nonparametric ANOVA that determines the extent to which season explains variation in the water
guality observations. Following Hirseh al. (1982), site/variable combinationsere identifiedas
being seasonal based on thevalue from the Kruskallvallis test withh =0.05. For these sites/variable
combinations, subsequeiitend assessments followed the seasowaiants.

The choice of is subjective and a value of 0.05 is associated with a very high level of certainty (95%)
that the data exhibit a seasonal pattern. In our experience there are generally diminishing differences
between the seasonal and neseasonal trend assessments fevalues values larger than 0.05 (Helsel

et al, 2020).

4.2.8 Analysis of trends

The purpose of trend assessment is to evaluate the direction (i.e., increasing or decreasing) and rate
of the change in the central tendency of the observed water quality valuestbegeriod of analysis

(i.e., the trend). Because the observations represent samples of the water quality over the period of
analysis, there is uncertainty about the conclusions drawn from their analysis. Therefore, statistical
models are used to determé the direction and rate of the trend and to evaluate the uncertainty of
these determinations.

Trends were evaluated using the LWPTrends functions in the R statistical computing software. A brief
description of the theoretical basis for these functiasslescribed below.

4.2.9 Trend direction assessment

The trend direction and the confidence in the trend direction were evaluated using éftbeévlann
Kendallassessmenbr the Seasonal Kendall assessmekithough the norparametric Senslope
regression also mpvides information about trend direction and its confidentee Mann Kendall
assessmenis recommended, rather than Sen slope regression, because the former nwoustly
handles censoredvalues.

The Mann Kendall assessment requiresamrioriassumptons about the distribution of the data but
does require that the observations are randomly sampled and independent (no serial correlation) and
that there is a sample size gB. Both theMann Kendaland Seasonal Kendall assessneeate based

on calculating the Kenddistatistic, which is explained diagrammaticallyFigure2.
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Figure2.The Kendalbstatistic is calculated by firgvaluating the difference between all pairs of

water quality observationdgure2, AandB)t 2 aA 0 A S RAFTFSNByOSa |
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(i.e., the observations increased with ingieg time) and negative differences are termed

discordant (i.e., the observations decreased with increasing time). The Kestd#Btic is the
number of concordant pairs minus the number of discordant paigsie2, C1). The sign &f
indicates the water quality trend direction with a positive or negative sign indicating that
observations increased or decreased through time respecthigiyré2, C2). In the special

case that the z score is equal to zetee trend would be pronounced indeterminate equally
likely to be increasing as decreasing.

4.2 10Assessment of trend rate

The method used to assess trend rate is based onpayametric Senslope regressionof water
guality observations against time. The Sen slope estimator (Sigéchet al, 1982)is the slope
parameter of a nosparametric regression. SSE is calculated as the median of all possible inter
observation slopes (i.e., the difference in the measured olzems divided k the time between

sample dates
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Figure3 Pictogram of the calculan ofthe Sen slope, which is used to characterise tratel

Theseasonaben slope estimator (SS&Halculated in two steps. First, for @aseason, the median
of all possible intepbservation slopes is calculated in same manner as showigime3 but for data
pertaining to observations in each individual season. Sec®88s the median of theesasonal values

Uncertainty in the assessed trend rate is evaluated following a methodology outlined in Helsel and
Hirsch (2002).d calculate the 100¢t % two-sided symmetricatonfidence interval about the fitted
slope parameterthe ranks of the upper and lower confidence limits are determined, and the slopes
associated with these observations are applied as the confidence itgerva

The interobservation slope cannot be definitively calculated between any combination of
observations in which either one or both observations comprise censored values. Therefore, it is usual

to remove the censor sign from the reported laboratory valug/ R dza S 2dzad GKS WN.
component (i.e., <1 becomes 1) multiplied by a factor (such as 0.5 fardle$ored and 1.1 for right

censored values). This ensures that in the Sen slope calculationlefiacgnsoredobservationsare
alwaystreated as walues that ardless thanii K S A Nuallgdland Gpht censoredbservationsare
alwaystreated as values that argreaterd Ky (G KSANIJ WNI} 6Q @I fdzSad !''a (KS
increase, the probability that the Sen slope is affected by censorangdees. The outputs from the

GNBYR laasSaavySyid LINRGARS |y Wrylteara yz20SQ G2
observations associated with the median interobservation slope is censored.

4.2.11Evaluatingchanges in discontinuous data

Some of the mondring data for lake sites is broken into two distitiche-periods, with a moderate

gap (~ 4 years) between these periods. Following the USGS guidelines (Helsel et al. 2020), these types
of datasets have been analysed using a step change approach. Thsisapeocedure uses a rank

sum test (and seasonal variant where appropriate) to test whether there is a change in the
observations between the two periods, and the Hodgebman (FL) estimator to evaluate the
magnitude, and direction of the change.

The mnksum test is implemented in R using the functiortezoSampleLinearRankTtesand
twoSampleLinearRankTi€ensored (both part of the EnvStats package). The second function

36 Otago Water Qudl: Rivers and Lakes 202020



explicitly accounts for censored data in either or both of the time periods. Asebsank sum test is
applied when the observations are determined to be seasonal. For the seasonal case, the rank sum
statistic and variance are evaluated for each season and these are then individually summed to
determine the overall test statistic. Aar the Mann Kendall test, thp-value from the rank sum test

was converted to a measure of the confidence in direction of change in water quality between the two

time-periods.

The HL estimator is evaluated in a similar manner as the Sen Slope, widxt®ption that rather

than evaluating the rate of change between all pairs of observations, only the differences are
evaluated, and only between pairs from different periods. THe étimator is the median of all
possible differences between the datatime before and after periods. A seasonal lstimator is
evaluated when the observations are determined to be seasonal.

We also provide an estimate of the rate of change that the difference represents, by dividing-the H
estimator by the difference betaen the mid times of each time period. This measure is indicative
only and should only be used as an approximation of the relative magnitude of the rate of change at
these sitesnly be used as an approximation of the relative magnitude of the rate ofgeghatthese

sites.

4.2.12Interpretation of trends
¢tKS GNBYR

I 854854 YS8Yy

LINE OS RdzNB

dza SR KSNB TI OAf A

output corresponding to the chosen acceptable misclassification error rEbte confidence in
direction © can be tansformed into a continuous scale of confidence the trend was decredaing (
For all trends witls< 0,G =C and for allS> 0 a transformation is applied so that= 1-C G ranges
from 0 to 1.0. Wher@y is very small, a decreasing trend is highilikely, which because the outcomes
are binary, is the same as an increasing trend is highly likely.

The trend for each site/variable combination was assigned a categorical level of confidence that the
trend was improving according to its evaluated édahce, direction and the categories shown in
Table2. Improvement is indicated by decreasing trends for all the water quality variables in this study
except for MCI, SOQOMCI, ASPM and dissolved oxygen (for whiokasimgy trends indicate

improvement).

Table2. Level of confidence categories used to convey the confittestcéne trend (or step change)
indicated improving water qualityrhe confidence categories are used by the Intergovental
Panel on Climate Change (IPCC; Staatkadr, 2014).

Categorical level of confidence trend w Descriptor used in report Value of €(%)
decreasing

Virtually certain R 0.991.00
Extremely likely L)) 0.9%0.99
Very likely J 0.90:0.95
Likely J 0.67¢0.90
About as likely as not 0.3%0.67
Unlikely by 0.10:0.33
Very unlikely nn 0.0%0.10
Extremely unlikely 047 0.01¢0.05
Exceptionally unlikely 0407 0.0c0.01

Outputs from the trend analyses were also classified into four direction categories: improving,
degrading, indeterminate, and not analysed. An increasing or decreasing trend category was assigned
based on the sign of the S statistic from the Mann Kendall tstindeterminate trend category was

assigned when the Z score equalledaze Trends were classified ast analysed for two reasons:
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1) When a large proportion of the values were censored (data has <&easored values and/or
<3 unique norcensored valas). This arises because trend analysis is based on examining
differences in the value of the variable under consideration between all pairs of sample
occasions. When a value is censored, it cannot be compared with any other value and the
comparison isreated as a tidi.e., there is no change in the variable between the two sample
occasions). When there are many ties there is little information content in the data and a
meaningful statistic cannot be calculated.

2) When there is no, or very little, variatidn the data because this also results in ties. This can
occur because laboratory analysis of some variables has low precision (i.e., values have few or
no significant figures). In this case, many samples have the same value, and this then results
in ties.

Changes for discomuous data were classified as not analysdten there were less than 3 unique
observations in the entire record, or if seasonal, within any season.

4.2.13River data availability

Followingthe application of the filtering rules, the total mber of sites that were included in the
analyses was reducedsummary of the site numbers that were included in the final trergbasment
is presented inTable3. Confidencethat the trend direction indicated impving water quality,was
mapped for the raw (with high censor filter) for the 10 aP@tyeartrend periodsin Figure54 and
Figurebb.

Table3 Riverwater quality variables, measurement units and site numbers for whicartD2Gyear
trends (Raw, and Flow Adjusted FA) were analysed by this study.

Variable Number | Number of sites that Number of sites thia
of sites | complied with filtering complied with filtering

rules (10years) rules (20years)

Raw FA Raw FA
Ammoniacal Nitrogen 114 50 32 34 18
ASPM 51 10 6 0 0
Chlorophyll a 44 0 0 0 0
Dissolved Inorganic Nitrogen 108 0 0 0 0
Dissolved Reactive Phosphorus 108 50 32 33 18
E.coli 114 50 27 28 13
MCI 54 13 7 0 0
Nitrite/Nitrate Nitrogen 114 50 32 34 18
SQMCI Score 53 13 7 0 0
Total Nitrogen 114 50 32 33 18
Total Phosphorus 114 50 32 32 18
Turbidity 114 50 32 32 18
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In Otago five FMUbave been recogniselutha/MataAu, Taieri, North Otago, Dunedin Coastal and
CatlinsThe Clutha/MataAu FMUnhas been divided in to five stdreas, or Bhe comprising the Upper
Lakes Rohe, Dunstan Rohe, Manuherekia Rohe, Roxburgh Rohe and Lower Clutfiddrodsilts
section isorganised ifFMU or Rohe chapters, each chapter follows the same format:

1
1

39

Figure of the FMU/Rohe showing location of water quality monitosites

State analysis results of grading of river/lake sites based on the NOF critexliading a
comparison with thébaseline state (2012017)

State analysis maps showing results of river/lake sites coloured according to their state grading
as indicated by NOF attribute bands.

Trend analysis summary of sites categorised according to the level of confidence thaOtheir 1
and20-yearraw water quality trends indicate improvement.

At the end of each FMU/Rohe section a summary table is presented showing which sites and
attributes fall below the national bottom line.
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Figure4 Location of water quality monitoring sites in the Upper Lakes Rohe
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6.1 StateAnalysisResults

The results of grading the SoE sites in the Upper Lakes Rohe according to the NPSFM 2020 NOF criteria
are summarised ifrigure5 andFigure6 and mapped irFigure7. Many sites in the Upper Lakes Rohe

did not meet the sample number requirements (showiT ablel) and accordingly are shown as white

cells with coloured circlesMost sites for some variables have white cells, this indicates that the
variable was not monitored.

A small square in the upper left quadrant of the cells indidhe site grade for the baseline period
(20122017) where the sample numbers for that period met the minimum sample number
requirements.
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Figureb Grading of thaiver sites of the Upper Clutha Rohe based on the NOF crit@rades for
sites that did not meet the sample number requireménfBablel are shown as white cells
with coloured circlesThe white cells indicate sites for which the variable was not monitored.
Small square ithe upper left quadrant of the cells indicate the site grade for the baseline
period (20122017) where the sample numbers for that period met the minimum sample
number requirements.
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Figure6 Grading of thdakesites of the Uper Clutha Rohe based on the NOF crite@sades for
sites that did not meet the sample number requiremeénfBablel are shown as white cells
with coloured circlesThe white cells indicate sites for which tlaiable was not monitored.
Small square in the upper left quadrant of the cells indicate the site grade for the baseline
period (20122017) where the sample numbers for that period met the minimum sample
number requirements.

42 Otago Water Qudl: Rivers and Lakes 202020



Ammonia - max. Ammonia - median ASPM DRP - median

DRP - Q95. E. coli - median

E. coli - Swim. MCI Nitrate - median

Nitrate - Q95. Periphyton

@ A O B ©6 C @€ D e E

Figure7 Maps showing Upper Clutha Rohe sites coloured according to their state grading as
indicated by NOF attribute bands. Bands for sites that did not meet the sample number
requirements specified ifablel are stown without black outlines.

43 Otago Water Qudl: Rivers and Lakes 202020



6.1.1 Periphyton and Nutrients

Results for theaiver periphyton trophic stateare shown inFigure5 (periphyton). Most sites in the

PLILISNI / € dzi K FNB Ay | G0 NewoeiltS exazdd BaR-a/A réllecting NJ LIS N
negligible nutrient enrichment. Bullock Creek, a spring fed stream that runs through Wanaka township

KFEa 'y Ay Swikhpladesibelif the natidnal Wditdn line, this reflects a higher nutrient
enrichment and the possibility of regular nuisance blooms

Figure5 showsthe MfE (2020) DR&hd TNconcentrations to manage the NPSFM periphyton attribute

state (periphyton DRP and periphyton TN). ites have mediaBDRP concentrations that place them

Ay GKS Wi QO 2N W. Q o0lyRaY K26SOSNI mu aiftS / NBS]
GKIFG LI FOS G K Bor TNnglianicknSentktios indHe Y peakes Rohare generally

inthe TSOmgch/m26+ yR 62NJ 6l YR W!I QU | & ¢g2dZ R 65 SELISOI
outliers are the urban stream Horn Creek, which has a median TN concentration of 0.27 mg/l placing

AG Ay o0FYR W Q YR MH aAfS [/ NBS| IlighRplacimgfthbrd O / NJ
Ay 0 | BigareS$lsoGlbws RPattribute statesfor ecosystenhealth (DRP median and Q99)he

results in the Uppekakes Rohshow that every site achieves a ba##@other than Horn Creekhich

F OKAS@Sa | o0l yR NPSEM20208dRibeBahdimwWW @2 2 RS0 f O2 Y Ydzy
ecosystem processes are similartothcBe oy’ I G dzZN>F f NBFSNByYy OS O2yRAGA2Y A&

Results for the lakes are also showrfrigure6. Trophic status is a common method for describing the
health of lakes and an indicator of how much growth or productivity occurs in the lake, productivity
being directly related to the availability of nutrients (ORC, 2017). Lakes in pustigition typically

have very low nutrient and algal biomass levels. As lakes become more enriched due to changes in
land-use and land management practices, lake nutrient levels and algal productivity increases. The
NPSFM 20268escribes how phytoplanktoaffects lake ecological communities. If phytoplankton is in
0KS W!I Q I;keyeddlngicdl &oBiyiunities are healthy and resilient, similar to natural reference
O 2 vy R A Bigug55o@s that this is the case for all the laktes in the Upper Clutha Rohe. The
results for total nitrogen and total phosphorus are also showFigures, | £ £ NXBadz Ga ' NB Ay
reflecting low levels of total nutrients indicating that associated ecological comresrate healthy

and resilient.

6.1.2 Toxicants

NOF attribute bands foNHiN and nitrate (measured as NNN) toxicitfFigure5) show excellent

protection levels against toxicity risk for all Uphaikes Rohaver and lakeSoE monitoring sites, with

Fff aAGSa NBGANYAY3I |y WINKHNFIYRROKABKSEAGSESABT dA
for NNN

6.1.3 Suspendedine sediment (Rivers)

The clarity results for th&pper LakefRohe are shown ifigureb. Sites that have a high degree of
glacial flour present in the river, such as the Cartl Rees riveneturn some very high turbidity (and
suspended sediment) levels despite the rivers being close to natural state. The rBBokie
(Glenorchy)nvincible CreekRees Valley), Ox Burn (Rees Valley) and Timaru Creek (Hawea) are
glacial fed, buhave very steep catchments which would be prone to erosldorn Creek is the other
stream to have turbidity below the national boii line, this is an urban stream in the heart of
Queenstown and is likely affected by stormwagesrwell asvian wildlife stirring up the creek bed.

6.1.4 Aquatic Life(Rivers)

Macroinvertebrate Community Index (MCI) scores provide an integrated indicatoe getieral state
of water quality and aquatic ecosystem health at a.dfgure5 summarisedMCl scores for sites
monitored for aquatic macroinvertebrates throughout the Uppeikes Rohe.
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TheMClinterim scores a& somewhacomparable across sites with sevefithe nine monitored sites

returning comparat# MCI scores above 120 NEFf SOGAyYy 3 | YI ONBPAYDSNILSo!
condition. The exceptiaare Bullock Creek and Motatapu which return MCI scores betd@@mand

110; reflecting moderate nutrient enrichment. In a regional conteet Upper Cluth&ohegenerally

show overall water and habitat quality suppsthe existence of healthy invertebrate communities.

The ASPNhterim scores showin Figure5 reflect those of the MCI scores for Bullock Giee

butt NEOALIAOS / NBS1=Z RSaLAGS KFE@Ay3a | . 3ANIRS
NPSFM describes85F  O2 YYdzy A& 6A0GK Y2RSNI GS .62 aSOSNJI

6.1.5 Human health for recreation

Figure5 summarises compliance f&. colagainst the four statistical tests of the N&Fcolattribute.
The overall attribute state is based on the worst grading with the national bottdmy’ S 6 SAy 3 | W5

Compliancdor riversis generally excellent across in the Upper LdRd®e, with all sites other than
Bullock CreekMakoroa, Quartz Creek and the Rees returning bacterial water qualiigve the
national bottom line BullockCresk has high background bacteria concentrations whidicates an

E. colisource that is affecting water quality even under low flow conditions, such as water fow! often
being present in the stream above the sampling location

For the lakes, compliance éxcellent across in the Upper Lakes Rohe, with all sites at all statistical
G6Sada 200FAyAy3a +y W Q o6FyRO®
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6.2 Trend Analysis

Trend analysisesultsfor the Upper Lakes Roheskown inFigure8.
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Figure8 Summary of Upper Clutha sites categorised according to the level of confidence that their 10
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and20-yearraw water quality trends indicate improveme@onfidence that the trend indicates
improvement is expressed using the categorieatls of confidence defined Trable2. Cells
containing a black dot indicate site/variable combinations where the Sen Slope was evaluated
as zero (i.e., a trend rate that cannot be quantified given the previdittie monitoring). White

cells indicate site/variables where there were insufficient data to assess the trend.

Otago Water Qudl: Rivers and Lakes 202020



Results show thatver a 168 S NJ LISNA2R GKS S5 NI Fd GKS 1 Aff 2¢
(improving) trend for TP, but overthesam8 plA 2 R G KS al Gdzl AGdzl A NBGdzNYy SR
improving trend for NNN.

Trend analysis for the Upper Lakes Rohe lakes is showigine8.b b b A& WOA Ndibeézl f £ & O
improvingfrom the outlets at Wakatipy Wanaka and Haweg@ver 18 yearsand Waatipu (over 10-

yeas) i dZND A RAGE Aa W8 BNDYSELN AP ME enprdayid akltiBde duBlow
sites(over 18 years)

Fordiscontinuous data sethe two timeperiodsanalysed wee three complete years: 1 May 2006 to

30 April 2009, and 1 June 2017 to 31 May 20RMbst of the trends analysed werenfluenced by

censored valuesaheretrue values are too lowo be measured with precision) and have not been

included.! f £ & AXiSIAdzZKE tRe WAS NI I A Y Qs showhINFgue8 y 3 G NBYyRa T2 N

6.3 Water quality summaryand discussiontUpper lakes Rohe

The tables in this section summarise

1) river and lake attributestates where the national bottoniine is not met{NPSFM, 2020)
2) NBYR&a Ay NAGSNI YR f1 1S airidsadzystkaSyStieks G NBy |
3) alltrends using raw data for rivers and continuous data for lakes over the two time

periods

Table4 Summary ofiver state, where state does not meet the national bottom line cells are coloured
red. No lake variables were below the national bottom line.

o > [ o
c Z c
< © 3 0 E T} c OO: E | =
® O s 5 o o S (o)) 9 = - T C
e ] b o S — ] (04 > c o % Q
! S % IS & o ©) S ) = S s e E
zZ C < a wi = : zZ = > | € o B
T z @ Z Z ) £ 2| 20
. pd
Site Name a || ©
Timaru Creek
Rees River
Quartz Creek
Ox Burn

Makarora River
Invincible Creek
Horn Creek
Dart River
Bullock Creek
Buckler Burn

1
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Table5 Summary of river sitqsaw dat) K SNBE G NBy R& | NB 3 NEB.IConfdbidcel K|y W
is expressed categorically based on the levels defingahile2

Analyte | #Obs | Frequency | Period | AnnualSenSlop{ Confdence | Descriptor
Dart at The Hillocks
Total Nitrogen 57 | BiMonth 10| 0 Virtually certain L
Total Phosphorus 57 | BiMonth 10 | -0.0037 Virtually certain L
Matukituki at West Wanaka
Ammoniacal Nitrogen 101 | Month 10| 0 Extremely likely o
Nitrite/Nitrate N 98 | Month 10 | 0.0015 Exceptionally unlikely anan
Total Phosphorus 101 | Month 10 | -0.00(8 Virtually certain Ll

w

Table6 Summarylake sites where trend§continuous datajare ANB | 4§ SNJ G Kl y Wi A1 St @&
Confidence is expressed categorically based on the levels defifednlé@

Annual Trend
Andyte #0bs | Frequency| Period | SenSlope | Direction Confidence Descriptor
Lake Wakatipu at Outflod0-year dataset
Ammoniacal N 105 | BiMonth | 18 0 Decreasing | Virtually certain Jd

Nitrite/Nitrate N | 58 BiMonth | 10 0.0008 Decreasing | Virtually certain Jl
Nitrite/Nitrate N | 105 | BiMonth | 18 0.0003 Decreasing | Virtually certain L

Turbidity 104 | BiMonth | 18 0.0106 Increasing | Extremely unlikely ann
Lake Wanaka at OutldiD-year dataset
Ammoniacal N 60 BiMonth | 10 0 Increasing | Exceptionally unlikely Aann
Nitrite/Nitrate N | 105 | BiMonth | 18 0.0008 Decreasing | Virtually certain 11
Turbidity 105 | BiMonth | 18 0.0065 Increasing | Extremely unlikely 400
Ammoniacal N 60 BiMonth | 10 0 Increasing | Exceptionally unlikely anan
Lake Hawea Outflow at Dah®-year dataset
Nitrite/Nitrate N 106 | BiMonth | 18 0 Decreasing | Virtually certain L
Turbidity 104 | BiMonth | 18 0.0120 Increasing | Exceptionally unlikely Annn
Lake Wakatipu at Outflod8-year dataset
Ammoniacal N 105 | BiMonth | 18 0 Decreasing | Virtually certain L

Nitrite/ Nitrate N | 58 BiMonth | 10 0.0008 Decreasing | Virtually certain 11y
Nitrite/Nitrate N | 105 | BiMonth | 18 0.0003 Decreasing | Virtually certain Jl

Turbidity 104 | BiMonth | 18 0.0106 Increasing | Extremely unlikely aAnn
Lake Wanaka at Outldi8-year dataset

AmmoniacaN 60 BiMonth | 10 0 Increasing | Exceptionally unlikely Aann

Nitrite/Nitrate N | 105 | BiMonth | 18 0.0008 Decreasing | Virtually certain L

Turbidity 105 | BiMonth | 18 0.0065 Increasing | Extremely unlikely ann

Table7 Summaryof trends usig raw data for rivers and continuous data for lakes. Confidence is
expressed categorically based on the levels defin@édtie2

)
=2 | g 2 = > > E > | 2 >
Sg (g2 | > 2 =2_ | 2 | > £ cf g
Sg|d2| ¢ | = |28| 5 |€ 5|85 |&¢
Descriptor 1) b Jl J 7 a0 Ann|l And
Rivers- 10-yeartrend 3 1 2 1 1
Rivers- 20-yeartrend
Lakes; 10-yeartrend 1 1 1 3 1 1
Lakes; 18year trend 411 3 2 2 1

Water quality is best at river and stream reaches located at high or mounts elevations under
predominantly native cover. These sites tend to be associatedthéttupper Lakes Rohe.
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In the Upper Lakes Rohe water quality is generally very good, as it should be. Of the NOF attribute
state, the Rees and Dart are below the natibbottom line for turbidity, but this ia naturalstate due

to glacial meliwater. Despitevery goodcompliance with theE.coliattribute, four sites are below the

national bottom line; Bullock Creek is an urban stream running through the Wanaka tgvwmishia

large population of wildfowl, these and stormwater are likely to be the reason behind the poor grade.

The Makarora and Rees are large rivers, with catchment areas largely in national parks. It is likely that

the poor water quality is very localideand possibly reflects the quality of tributaries running over the

flats. The same can be said for Quartz Creek that runs over the flats before entering Lake Wanaka. The
2yfte 20KSNI W5Q oO0FYyR gFa FT2N) LISNALKSIPYQAY| yRAT P %
parameters assessed.

For trends, only the Dart and Matukituki have been monitored for a sufficientlytioregperiod for

trend analysis to be undertaken. Perhaps the most worrying trend is NNN has shown an increase over

the lastl0Oyead AY GKS al GdzZlAlGdzZlA® ¢NBYR lylfeara Ay GfF
improving trends in the outlets of both Wakatipu and Wanaka, however turbidity is almost certainly
degrading in Hawea and Wanaka.

Table6 andTable7 only show sites witl®99%, 95% ,1% and 5% confidence levels. These equate to the
WHAANI dzZl £ £ &8 OSNIFAYyQrX WSEGNBYSte fA1SteqQs WSEOSLI
important to note when sites havezero sen slopalongsidea reasonably highevelof confidence in

trend direction at these siteshe rate of the trend (i.e., the Sen slope) is at a level that is below the
detection precision of the monitoring programmen the Upper Lakes Rohe, there are a lot of sites

with a zero sen slope, highlighting how low the concentrations of most analytes are in this region.

As stated previously, having accurate information on changes in land use and land management
practice woud help in identifying drivers of change evident with some water quality variamblees.
reasons for this are unclear as ORC do not collect any information on changes in land use or land
management practices that would allow for confident assessment oédriof turbidityor NNNin our
waterways.

In summary; dr the majority of sites across the Upper Clutha reporting region, water quality is
excellent and the best in Otago;

q 1ff aridsSa NBUGANY Fy Wl Q o6lyR F2NtdiKS G2EAOAG:
1 Nutrient concentrationsstimulating algae growthow, other than in Bullock Creek where
periphyton (chlorophylh) is below the national bottom line.
9 Bacterial water quality is excellent across all sites, with the excepti®@uldéck Creek, the
Rees, he Makaroa and Quartz Creaithich are below the national bottom line.
1 Clarity (suspended sediment) is only elevated in rivers fed by glaciers.
1 Macroinvertebrate scoregeflect the low nutrient and scarce food source (periphyton)
content of rivers with sa@s inthe®. Q 2 NJ W/ Q o yR
§ Trend analysidor rivers showedan WSEOQOSLIi A2y £ f & fazAlMihd&e & Q A Yl
Matukituki Rivelr Y R WA NI dzl t £ &8 OSNIFAYQ AYLINRGAY3A (NS
1 Trend analysis for lakes showed the outlets ofdsaklawea, Wanaka and Wakatipu had
WSEOSLIiA2Yy Il ffé& dzyft A1SfeQ 2N tUBidityzNBoyddiE & W @iy NIidy
OSNI I OSNIFAYQ AYLINROGAY3IA (GNBYR& T2N) bbbo

49 Otago Water Qudl: Rivers and Lakes 202020



7 S5¢pall yOMWBRE&SKI al (dx! dz Ca! 0

Figure9 Location of wagr quality monitoring sites in thBunstanRohe
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7.1 State AnalysiRResults

The results of grading the SoE sites in the Dunstan Rohe according to the NPSFM NOF criteria are
summarisedn Figurel0andFigurelland mapped irFigurel2. Many sites in thdusntanRohe did

not meetthe sample number requiremen{shown inTablel) and accordinglgre shown as white

cells with coloured circlesMost sites for some variables have white cells, this indicates that the
variable was not monitored.

A small square in thapper left quadrant of the cells indicate the site grade for the baseline period
(20122017) where the sample numbers for that period met the minimum sample number
requirements.

NOF Band Il A BN CHEEDEEE

Upper Cardrona at Tuohys Gully Road | @ @®
Shotover @ Bowens Peak "o "o
Roaring Meg at SH6 | ®@ @

Quartz Reef Creek at SH8 | @ @
Nevis at Wentworth Station
Mill Creek at Fish Trap
Luggate Creek at SH6 Bridge
Lindis at Lindis Peak

Lindis at Ardgour Road
Kawarau @ Chards Rd
Hayes Creek at SH6

Hawea at Camphill Bridge
Clutha @ Luggate Br

[ [}
® o [
cartonsuvn s [N~ NN~ NI |
S———— N N N
Arrow at Morven FerryRoad | @ @ ® 6 6 6 6 0 O ® &6 o [
555%%m!’”!’”!’”m2§§§§§g’
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Figurel10 Grading of the river sites of tH2unstanRohe based on the NOF criteri@rades for sites
that did not meet the sample numbeequirements inTablel are shown as white cells with
coloured circlesThe white cells indicate sites for which the variable was not monitored. Small
square in the upper left quadrant of the cells indicate the giade for the baseline
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NOF Band Il A BN CHEEDENE

Lake Johnson at South Beach huts

Lake Hayes at Mid Lake 10m

Lake Hayes at Bendemeer Bay

Lake Dunstan at Dead Mans Point
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Figurell Grading of thdakesites of theDunstanRohe based on the NOF criter@rades for sites that
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did not meet the sample number requirememi3 ablel are shown as white cells with coloured
circles The white cells indicate sites for which the variable was not monitored. Small square in
the upper left quadrant of the cells indicate the site grade for the baseline period-20012
where the sample numioe for that period met the minimum sample number requirements.
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Ammonia - max. Ammonia - median DRP - median

E. coli - g260. E. coli - g540. E. coli - median

Suspended fine sedimen

= \

@ A OB 06 C @ D @ E

Figurel2 Maps showinddunstanRohe sites coloured according to their state grading as indicated by
NOF attribute bands. Bands for sites that did not meet the sampieber requirements
specified inTablel are shown without black outlines.
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7.1.1 Periphyton and Nutrients

Results for the rivergriphyton trophic state resultare shown inFigurel2 (periphytor). TheDunstan

Rohe returns a mixed bag aftribute bands for periphyton,ite Arrow and Cardrona have an interim

Wi Q oFlyR & ¥ SdchtambBniedring that Boant Sv8uRl beprare, reflecting negligible

nutrient enrichmentb ¢tKS [AYRA& 0G0 [AYRA& tSIF1 YR [dAaA3lF
[AYRAA G ! NR3I2dzNJ w2l R G2¢6F NRa (GKS o620G2Y 2F (K
the national bottom line, this reflects a higher nutrient enrichment ahd possibility of regular

nuisance blooms

Figure 12 shows theMfE (2020)DRP andI'N concentrations to manage thePSFM periphyton
attribute state (periphyton DRP and periphyton TRging he 20% exceedance critar{midrange),
the TN median concentrations in the Dunstan Rohe are generally in the T120-aign2Hband (or
oLYyR W. Q03X a ¢62ddZ R 065 SELISOGSR Ay I t2¢ ydziNXSy
influenced by high nutrient concentrationsLake Hayes, the Kawarau Rizeed MillCreek all of which
FNB LI I OSR Ay 0l yNevis\ridQubgate RrSek habasntedian Wko@cBmidtions
andaregradedas | Yy Ra $RXQIdy 02 0Sy G NI GA2ya 2F 5wt LI FOS | ff

Figurel2 also shows DRP attribute states for ecosystem health (DRP median and Q95). Tharesults

the DunstanRoh&a K2 ¢ G KI G SOSNEB &aAGS FOKAS@GSa | o6FyR WO
atLuggate Bridg KA OK | OKAS@S I oFlyR W.Q YR (KS y204A0SI o6
Q/ Q> RdzS G2 NBOSAGAY3I v dzi NNFESFN 20280 SKO NA o IGSNT . 3 NBRY
Y902t 23A0FE 2YYdzyAlGASa I NB A YLI Obr8dRence dondificn® S NI G S
If other conditions also favour eutrophication, DRP enrichment may cause increased algal and plant
growth, loss of sensitive macloy S NI So NI GS | yR FA&K GFEFST FyR KAZ

Results for the lakes are alshown inFigurel2. Trophic status is a common method for describing

the health of lakes and an indicator of how much growth or productivity occurs in the lake, productivity

being directly related to the availahifiof nutrients(ORC, 2017) akes in pristine condition typically

have very low nutrient and algal biomass levels. As lakes become more enriched due to changes in
land-use and land management practices, lake nutrient levels and algal productivity incréhse

NPSFM 202@escribes how phytoplankton affects lake ecological communitighel€hlorophyll a
concentration are inthé&’'! Q 6 I YdRké&ecdiofiG&lyEom#hunities are healthy and resilient, similar

G2 yIGdz2NF £ NB FiguRBRghows thathiyiRiheicdse fifiakelDunstan, but Lake Hayes
OMnYO YR [I1S W2Kyazy | OKAS@S | W5Q o6lyWRelyR [ I
results for total nitrogen and total phosphorus are also shamfigurel2, Lake Dunstan achievds! Q

bands reflecting low levels of total nutrients indicating that associated ecological coriti@sirare

healthy and resilient, but Lake Johnson and Lake Hayes have highentratices of TN and TP. Lake
W2Kyazy FlLfta o0St2¢ GKS ylradAz2ylf o020G2Y tAyS F2N

7.1.2 Toxicants

NOF attribute bands foNHiN and nitrate (measured as NNN) toxicdye shownin Figurel2, the

resuts for riversshow excellent protection levels against toxicity riskrfearly all Dunstan RoHg&oE

monitoring siteswith all sitesbar one (NevisNBS & dzNJ/ A Yy 3 INKEN aiid allsite tetyirRing &2 NJ
WIQ o6FyR 6KAIKSal (Gt RIFSANR[(ISION AR KOY F2WJI by |
FYR [F1S 5dzyaidly +y W Q oFyR®
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7.1.3 Suspendedine sediment (Rivers)

The clarity results for the Dunstan Rohe ahewn inFigure12. Sixa A 0 S & NI ( dadhighthey W! Q
NPSFM describes as haviignimal impact of suspended sediment on instream biota. Ecological
O2YYdzyAlASa IINB aAAYAfFN (2 K2 &SPSRVH 2080NeSiRs Ay Yy I
NBGdzNY + W5Q ol yRT {KSMi|l Ckel§ Nadis &t NdrliN Pegk ahd the @utheli T/ |
at Luggate.

7.1.4 Aquatic Life(Rivers)

Macroinvertebrate Community Index (MCI) scores provide an integrated indicator of the general state
of water quality and aquatic ecosystem headtha site. Figure12 summarisesMCI scores for sites
monitored for aquatic macroinvertebrates throughout the Dunstan Rohe.

The MCI interim scores are somewhat comparable across sites with three of the five monitored sites
returning MCI scees between 100 and 110; reflecting a macroinvertebrate community indicative of
moderate organic pollution or nutrient enrichment. The exceptiansthe Arrow River which returns

I a/L &a02NB 2F mMmdp NBFESOGAY3T YmeaRIQI sdote dfBHJI ) dzI €
which is below the national bottom line. The poor score at Mill Creek would be indicative of severe
organic pollution or nutrient enrichment as well as poor habitaality.

The ASPNhterim scoresshown inFigurel2 reflectthose of the MCI scores for the Arrow River and
Mill Creek, buthe other sites despite having@&H3 N>} RS F2NJ a/ L X 2001 AY | W,
GKS bt {Ca RSAONAROGSA |a WI 02YrRd2ARDl4A K (SANR (@2

7.1.5 Human health for recreatior(Rivers)

Figurel2 summarisesompliance foE. colagainst the four statistical tests of the N&Fcolattribute.
The overall attribute state is based on thensgrading withthe natioa 6 2 1 G2Y t Ay S 06 SA Y =

Compliance is generally excellent across in the Dunstan Rohe, Witteal other than the Kawarau
and the Upper Cardroniaavingbacterial water quality above the national bottom line.

FigurelO shows that nany of the sites have fewer than the required 60 samples over a maximum of
FAPGS @SINER:Z a2 (GKS 3ANIRSa INB AYyiSNAYO® C2NJ SEI
statistical tests bar th&5" percentile, as it only has 21 samples over 3 yelais unknown what this

upper catchment site would return as a'®percentile over requiredhe time-period. The Kawarau

also does not meet minimum sample requirements, but does returns of thedfatistical tests, two
NEGdzZNYy | W/ Q 3INIRSZ 2yS | W.Q 3INIYRS YR 2yS | W5

For lakesFigurell summarises compliance f&. coliagainst the four statistical tests of the NGF

coli attribute. Compliances excellent across all lakes in the Dunstan Rohe, only Lake Hayes at
.SYRSNI¥YSSNJ . & | OKAS@Sa | WwW.Q olyRT Fff 20KSNJ &A
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7.2 Trend Analysis

Trend analysigsesultsfor the DunstanRohe isshown inFigurel3

Nevis at Wentworth Station

Mill Creek at Fish Trap

Luggate Creek at SH6 Bridge

Lindis at Lindis Peak

Lindis at Ardgour Road
Il Exceptionally unlikely
I Extremely unlikely
[ Veq( unlikely
Unli elf,r
As likely as not
Likely
0 Very likely
[0 Extremely likely
I Virtually certain

Kawarau @ Chards Rd

Hawea at Camphill Bridge

Cardrona at Mt Barker

Mill Creek at Fish Trap

Lindis at Lindis Peak

Kawarau @ Chards Rd

Cardrona at Mt Barker
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Figurel3 Summary oDunstan Rohsites categorised according to the level of confidence that their
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10 and20-year raw water quality trends indicate improvemer@onfidence that the trend
indicates improvement is expressed using the categorical levels of confidence defiaielé2n

Cells containing a black dot indicate site/variable combinations where the Sen Slope was
evaluatedas zero (i.e.a trend rate that cannot be quantified given the @ston of the
monitoring). White cells indicate site/variables where there were insufficient data to assess the
trend.
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Trend analysigor both rivers and lakes show thatast of the trends analysed werenfluenced by

censored valugsvhere true values are too lowo be measured with precision, this is shown by the

black dot inFigurel3. Over a 16yeartime-periodthe Cardrona has the four variablds.¢olj NNN, N

YR {va/L0 GKIG &aK2sa WSEOSLIiA2ylffé dzytalsSteaq
sametime-period> [ dz33F S / NBS] KIFa FTAGS WOSNER dzyft AlSeq
GKS [AYRA& Fd ! NR32dzNJew dkyR AK FSE Qi KANGE INRyediyiiah 10INBSYR
period G KS /I NRNRYyl akKz2g¢a GKS &l yYS WSEOSLIiAz2yl ffeé
F2NJ ¢b YR bbbX YR aAff /NBES|T FYR GKS YI g NI dz F
turbidity.

¢NBYyRa F2NJ 6KS tFr1S RFEGF NIy3ISR | ONRP&aa GKS o621 N
improvements in most variables. The most notable trends are that b®gears the lake data shows

2yS WSEOSLWIiA2y L fte dzNEM 4t Sdke DunstarydniNbad hafedHayeNay R F 2
WHAANIIdzZl £ €& OSNIFAYQ AYLNROAY3I GNBYRa F2N 5wt |y
WSEOSLIiA2ylffte dzytA1SteQ (2 0SS AYLNRGAY3I Ay [ 8

7.3 Water quality summaryand discussionDunstan Rohe
The tables in this section summarise
1) river and lake sites where attributeghere the national bottom line is not m¢gNPSFM2020)

2) trends in river and lake sites when the trends are gfelt) G Ky Wi A1 Sf&Q 2 NJ Wdz
3) all trends using raw data for riveand continuous data for lakes over the two tiperiods

Table8 Summary of river and lakéage, red cells showhere state does not meet the national
bottom linein one or more variable

< c = & E g
3| S S | 2 S8 §5|8 5|5
E|l 2| =2 |38|d|s5|~|2|0| %8| c|5|2c¢
' S o = 3] O 1S v | £ i) e | 2 E
pd . 2 1 A I . Z| 2| 2| &8s
T z @ Z Z ) s | 2| 2@
. Z
Site Name a | & |9
Upper Cardrona
Quartz Reef Creek
Mill Creek ]
Lindis at Peak
Kawarau at Chals
Clutha at Luggate
L §| S |8
£ | Ex| £8| =T
) E| 5§28 88| 8¢ | E o
% z| &% SE| WH
= f = =
= | O O
Lake Johnson at South Beach huts
Lake Hayes at Mid Lake 10m
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Table9dzY Y NBE 2F NAOGSNI aAiSa oKSNBE Gddaii + NBE INBI
Confidence is expressed categorically based on the levels defiredolé@
Annual | Trend
Analyte #Obs | Frequency| Period | SenSlope Direction Confdence Descriptor
Cardrona at Mt Barker
Ammoniacal Nitrogen | 119 | BiMonth 20| 0 Decreasing Extremely likely J)
Dissolved Reactive P 99 | Month 10| 0 Decreasing Virtually certain Ll
Dissolved Reactive P 115 | BiMonth 20| 0 Decreasing Virtually certain Ll
E. coli 100 | Month 10 | 3.1637 Increasing Exceptionally unlikely anan
Nitrite/Nitrate N 100 | Month 10 | 0.0050 | Increasing Exceptionally unlikely anan
Nitrite/Nitrate N 118 | BiMonth 20 | 0.0016 Increasing Exceptionally unlikely anan
SQMCI Score 9 | Year 10 | -0.4844 | Decreasing Exceptionally unlikely anan
Total Nitrogen 99 | Month 10 | 0.0019 Increasing Extremely unlikely aAnn
Total Nitrogen 118 | BiMonth 20| 0 Increasing Exceptionally unlikely Annan
Hawea at Camphill Bridge
Nitrite/Nitrate N 100 | Month 10 | 0.0002 Increasing Extremely unlikely ann
Total Phosphorus 99 | Month 10| 0 Decreasing Extremely likely S
Turbidity 100 | Month 10| -0.0122 | Decreasing Extremely likely o
Kawarau @ Chards Rd
Nitrite/Nitrate N 98 | Month 10 | -0.0009 | Decreasing Virtually certain PR
Nitrite/Nitrate N 218 | Month 20 | -0.0004 | Decreasing Virtually certain L
Turbidity 218 | Month 20| 0.04331 | Increasing Exceptionally unlikely anan
Lindis at Ardgour Road
Nitrite/Nitrate N 105 | Month 10 | -0.0055 | Decreasing Virtually certain 1y
Total Nitrogen 104 | Month 10 | -0.0108 | Decreasing Virtually certain 1y
Total Phosphorus 103 | Month 10 | -0.0005 | Decreasing Extremelyikely I
Lindis at Lindis Peak
Dissolved Reactive P 98 | BiMonth 20| 0 Decreasing Virtually certain )
E. coli 102 | BiMonth 20| 0.5339 Increasing Extremely unlikely a00
Total Phosphorus 58 | BiMonth 10 | -0.0006 | Decreasing Extremely likely J
Luggate Creelit SH6 Bridge
Dissolved Reactive P 58 | BiMonth 10 | -0.0002 | Decreasing Extremely likely L)
E. coli 100 | Month 10 | 1.5020 Increasing Extremely unlikely aAnn
Nitrite/Nitrate N 41 | Qtr 10| 0O Increasing Extremely unlikely aAnn
Turbidity 100 | Month 10 | 0.0429 Increasing Exceptionally unlikely Annan
Mill Creek at Fish Trap
Ammoniacal Nitrogen 79 | Qtr 20| 0 Decreasing Virtually certain Jo)
Dissolved Reactive P 98 | Month 10 | -0.0004 | Decreasing Virtually certain 1
E. coli 98 | Month 10 | -3.7270 | Decreasing Extremely likel JJ
Nitrite/Nitrate N 116 | BiMonth 20 | -0.0028 | Decreasing Extremely likely L)
Total Nitrogen 98 | Month 10 | -0.0034 | Decreasing Very likely JJ
Total Nitrogen 116 | BiMonth 20 | -0.0066 | Decreasing Virtually certain I
Total Phosphorus 99 | Month 10 | -0.0006 | Deaeasing Extremely likely J
Turbidity 99 | Month 10| 0.1171 Increasing Extremely unlikely aAnn
Turbidity 115 | BiMonth 20| 0.0671 Increasing Exceptionally unlikely Anan
Nevis at Wentworth Station
Dissolved Reactive P 35| Qtr 10 | -0.0005 | Decreasing Virtually cetain 1
Total Phosphorus 35| Qtr 10 | -0.0004 | Decreasing Extremely likely JJ
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TablelOSummanyf | {S dAGSa 6KSNBE GNBYyRa 602y iGAydz2dza RIF G
Confidence is expressed categorically basetth@hevels defined imable2

Frequen Annual Trend
Analyte #0Obs| cy Period | SenSlope | Direction | Confidence Descriptor
Lake Dunstan at Dead Mans Point
Ammoniacal N 60 BiMonth | 10 0 Increasin | Extremely unlikely aAnn
Nitrite/Nitrate N 107 | BiMonth | 18 -0.0006 Decreasin| Virtually certain Ll
Lake Hayes at Bendemeer Bay
Dissolved Reactive P 48 BiMonth | 10 -0.0010 Decreasin| Virtually certain Ll
Total Phosphorus 48 BiMonth | 10 -0.0018 Decreasin| Virtually certain Il

Tablell Overall smmaryof trends for the Dunstan Rohe using raw data for rivers and continuous
data for lakes. Confidence is expressed categorically based on the levels idefaigle?2.

=
> | 3 ¢ > | §
> Q > > > 2 s |8 s
= c S = g ° = E 5 a5
SE (82| 2| § |= S > gz |gg
= T + A ~ 4 = A = = = =
S8 | 4= S 5 |22 5 |2 5|&5 |dSs
Descsriptor b b I J b bels Aaon| naa
Rivers- 10-yeartrend 6 8 3 12 7 4 5 4
Rivers- 20-yeartrend 5 4 6 3 1 4
Lakeg; 10-yeartrend 1 3 2 3 1 3
Lakes; 20-yeartrend 1 1 5

In the Dunstan Roheompliance with NPSFMOFattribute states is generallyvery good.Table8
shows that few sites have variables with NOF bands below the national bottom line.

InTabled andTablel0only sites wittP9%, 95% ,1% and 5% confidence levels are shown. These equate

G2 GKS WOHANIdzZ tte OSNIIFIAYyQrY WSEGNBYSte tAal1Steqs
It isimportant to note whensites have @ero sen slopalongsidea reasonably higlevelof confidence

in trend direction atthese siteghe rate of the trend (i.e., the Sen slopse)at a level that is below the

detection precision of the monitoring programmén the Dunstan Rohe, these sites include:NHat

Lake Dunstan Cardrona and Mill Creek; DRP at Cardrona and Lindis at Peak; TN at Cardrona; TP at
Hawea and NNN at Luggate Creek

TKS /I NRNRYIl WwWAGSNI KIR GKS Y2aid RANG USNEDIANSTY SH Va2 ddyy
improving trends, includimE.colj TN,NNN and SQMCI. The NNN may be linked to slightighad

groundwater contributing to surface flows in the lower reaches, possibly due to increasingly intensive
land-use asociated with irrigation in the lower Cardroffdne SQMCI trend is kebon fewer (i.e., only

annual) observations, however confidence the Sen slope is quite la@gé fyr). The other

WS EOS LI A 2 y2INJ fYaS EdayN A VhEEd\eagileyidsriclydStarBididy (Mill Creek, Luggate

Creek and Kawaraand NNN (Luggat€éreek).

Mill Creek has improving trends in DEE;olj NNN, TN and TP. This is good news for a catchment with
increasing development pressure, however the degrading trend in turbidity suggests that land
disturbance, either naturally from the Crown Ramgdrom localised development is impacting on the

Creek. The good news is that despite increasing turbidity in Mill Cf&kwhich is often bound to
ASRAYSY(l0 Aada WOANIdzZ tfe OSNIIFIAYQ (2 0S AYLINRJAY:

It is difficult to assess why theseetrds haveoccurred, particularly as there is mgcurate information
on changes in land use and land management practice would help in identifying drivers of change
evident with some water quality variables.
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In summary;dr the majority of sites across éfDunstan Rohgwater quality is excellent;

60

1

1

All sites other thanthe NeviNB i dzNJ/ |y WI Q o6l yR FT2NJ (KS G2EAC
Lttt aradaGsSa NBGdNY +Fy Wl Q airgleR F2NJ GKS G2EAOA G
Periphyton (chlorophyld) at the lower fy RA & aAGS | OKA S @Géievingl!' W5 Q o |
bandsfor NNN and DRRutrient concentrations.

Bacterial water quality is excellent acros®st sites, other than the Upper Cardrona and

YI6FNIdz 6KAOK 020K | OKAS@S | WwW5Q o6 yR
ASPMscoresweregenerale W. Q o6l yRX ¢AGK aAiAff / NBS|T | W50
W/ QO o6lyRa 6AGK .aAff /NBS]T I W5Q oFyR

Trend analysis showedSE QS LJG A 2 y | f £ @treddy forah Gardéota RVEECINE O A v 3
NNN, SQOMCI) and Luggate Créekdli NNN, turbidity)
W+ A NI dzl tnfprdvin@tiendl wekeyse@n i Mill Creek (DRP, TP)
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Figurel4 Location of water quality monitoring sites in tM@anuherekiaRohe
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8.1 State AnalysiRResults

The results of giding the SoE sites in the Manuherekia Rohe according to the NPSFM NOF criteria are
summarisedn Figurel5and mapped irFigurel6. Many sites in thévlanuherekiaRohe did nomeet

the sample number requiremeni{shown inTablel) and accordinglare shown as white cells with
coloured circlesMost sites for some variables have white cells, this indicates thatdhable was not
monitored.

A small square in thapper left quadrant of the cells indicate the site grade for the baseline period
(20122017) where the sample numbers for that period met the minimum sample number
requirements.

NOF Band Il A BENCHEEDNEE

Thomsons Creek at SH85
Poolburn at Cob Cottage
Manuherikia downstream of Fork
Manuherikia at Ophir
Manuherikia at Galloway
Manuherikia at Blackstone Hill

Hills Creek at SH85

Dunstan Creek at Beattie Road [ J
5 %’ 5 ;UU ;Uu mmmmMm§z=< 2 2 U U 0 0
'e) = =

3 3 3 9 88 8 8 8 ~ 2 38 5 5 5 ©
o o < ' ' = = = = = T @ > T T O
3 3 3 p ! 1 1 1 1 \ S S 5 2
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ST EEe&Re3 e F28S3S352
3 3 3 S S g v 3 2 o CRERE
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Figurel5 Grading ofthe river sites of thiManuherekiaRohe based on the NOF criterarades for
sites that did not meet the sample number requirementBahlel are shown as white cells
with coloured circlesThe white cells indita sites for which the variable was not monitored.
Small square in the upper left quadrant of the cells indicate the site grade for the baseline
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Figurel6 Maps showingVlanuherekiaRohe sites coloured according to their statedjng as
indicated by NOF attribute bands. Bands for sites that did not meet the sample number
requirements specified ifablel are shown without black outlines.
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8.1.1 Periphyton and Nutrients

Results for the river pgrshyton trophic state results arshown inFigurel5 (periphyton). Dunstan

I NBS1 FYR alydzZSNB{AlF 4G .f101adG2yS IAff |INB A"
120chla/m2. Results from the Manuhika at Ophir and Galloway show that no results are 290

chka/m2, but many individual results have Chla > 126a¢2. It is likely that these sites will fall into
FGOGNROGdzGS O6FYR W/ Qd ¢KSNB Aa Iy AyONBdtvoSitedy | 3l
in the upper Manuherekia (Dunstan Creek and Blackstone Hdlirel5 shows theMfE (2020) DRP

and TN concentrations to manage the NPSFM periphyton attribute state (periphyton DRP and
periphyton TN)The upper catchment has lower median concentrations of TN placing Manuherekia

Rka C2NJla Ay (KS wIQ o6FlyR YR 5dzyaidly / NBS1Z 1A
DFfft2¢gle& KIS KAIKSNI ¢b 02y OSy i Nlaied @odburnlaydR F I f €
CK2Yaz2ya / NBS{0 a4K2g¢g || YdzOK KAIKSNI YSRAlIY 02y O0OSy

Themedian concentration of DRP in Thomsons Creek and Podtbhaigh, theyhave been allocated
I Ww5Q oFyR &aidl (dza ® ¢HISCreek hadzin&lidWwest BRP m&diadcorCentialion | Yy R
AAAAAA ff

FYyR FLEf Ay GKS Ww.Q o6FlYyR |4 uwm: SEOSSRIyOSz |
20%exceedance

Figurel6 also showPRP attribute stads for ecosytem health (DRP median and Q95he results in

the Dunstan Rohe show th@tK 2 Ya2y a / NBS{ FyR GKS t22fodz2NYy | OKA
national bottom line, theNPSFM 202@escribesthis asWSO2f 23A 0Lt O02YYdzyAG A Sa
substantial DRP elevation above natural reference conditions. In combination with other conditions
favouring eutrophication, DRP enrichment drives excessive prlmary productlon and S|gn|f|cant changes

in macroinvertebrate and fish communities, as taxa seisitivii 2 K& LR EAIl | NB t23G0Q

All other sites other thathe lower Manuherekia maistem (Ophirand Galloway) OKA S @S | VA=
TheNPSFM 2028 S A ONA 6 SaWo O R2FA QI f a02YYdzyAliASa I yR Séz;
to those of natural reference nditions. No adverse effects attributable to dissolved reactive

AAAAA

LIK2 aLK2NHza 65wt v SYyNAOKYSyd N8B SELISOGSRQ

8.1.2 Toxicants

NOF attributebands for NNH-N and nitrate (measured as NNN) toxicitse shown inFigurel6, the

results show excellent protection levels against toxicity rigkl sites other than Hills Creek and
Thomsons CreeK B G dzNy 'y N#N@ndbf fRAXARA NBGdZNYAY3I |y W
protection) for NNN

8.1.3 Suspendedine sediment(Rivers)

The clarity results for thévlanuherekiaRohe areshown inFigurel6. Five siteseturn a NOF band of

wYa g KA QRSFM 203R S & O N Bigh dmpdctiof séspended sediment on instream biota.
Ecological communities@ significantly altered and sensitive fish and macroinvertebrate species are

lost or at high risk of being Id@0Only Dunstan Creek and Manuherekia downstream of Fork return a

bhC o0FyR 2F WI Q FT2NJ ASRAYSY(® | whalis2Deh &b likely 2 f R Y/
elevate suspended solid concentrations in the mstiem Manuherekiaduring higher flows.

8.1.4 Aquatic Life(Rivers)

Macroinvertebrate Community Index (MCI) scores provide an integrated indicator of the general state

of water quality ad aquatic ecosystem health at a siteigure16 summarisesMCl scores for the
Manuherekia.Dunstan Creek YR al YdzKSNB {1 Al G hfaddWCNahilst h& A SGS |
Manuherekia at Blackstone and the Manuherekigallowayr OKA S@S | W/ Q 6 yYRXZ NBI
between 100 and 110; this reflects a macroinvertebrate community indicative of moderate organic
pollution or nutrient enrichment.
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The ASPM interiMlOF bandshownin Figurel5reflectthose of the MCI scoreDunstan Creeknd

GKS al ydzZKSNBE1AlF G FeND1&GaYySoRaOKAVKSI ¥R{®aQRSa
gAGK YATR (2 Y2RSNI GS f 24aa otRefmaifisieth tMarmHer®Kiaites A y G SAN
achievedl/ Q o0l yR®

8.1.5 Human health for recreatior{Rivers)

NOF Band Il A BN cCHEEDEEE

Thomsons Creek at SH85
Poolburn at Cob Cottage
Manuherikia downstream of Fork
Manuherikia at Ophir
Manuherikia at Galloway
Manuherikia at Blackstone Hill

Hills Creek at SH85

Dunstan Creek at Beattie Road [ J
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Figurel5summarisesompliance foE. colagainst the four statistical tests of the N@Fcolattribute.
The overall attribute state is based on the worst grading withthe nationad 2 G G62Y f Ay S 0SAYy =

TheE.coligrades are calculated using all data regardless of flow, it is acknowledged that the actual risk

will generally be less if a person dagst swim during high flows (NPSFM, 2020). Thomsons Creek,

Hills Creek, théoolburn andOphir and Galloway ithe lower Manuherekia fall below the national
02002Y tAYyS 6AGK GKS GGNROGdzGS ol YR SA( Kekidld I W5Q

~

Rkd 2F C2N)}] o61l062@S cCclrffa 5FY0 OKASOPSE W' Q o6l yR3
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8.2 Trend Analysis

Trend analysisesultsfor the ManuherekiaRohe isshown inFigurel?

Manuherikia at Ophir | @ -

Manuherikia at Galloway | ® L] .

Exceptionally unlikely
Extremely unlikely
Very unlikely

Unlikel

As IikeK/ as not
Dunstan Creek at Beattie Road | @ . o ° Likely
) Very likely

ol
n

Manuherikia at Blackstone Hill

8 Extremely likely
B Virtually certain
Manuherikia at Galloway L] [ o
N
o
Dunstan Creek at Beattie Road . - .
> > o m = zZ o 4 | {
3 v 3 o ¥ 0 & 292 g
3 0 @ 8 = 2 ) ] o
3 = 9 £ 8 3 > 5 &
= @ =z = ,lxj >
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Figurel7 Sunmary of Upper Clutha sites categorised according to the level of confidence that their

66

10 and20-yearraw water quality trends indicate improveme@onfidence that the trend
indicates improvement is expressed using the categorical levels of confitldimesl imable

2. Cells containing a black dot indicate site/variable combinations where the Sen Slope was
evaluatedas zero (i.e., a trend rate that cannot be quantified given theigiom of the
monitoring). White cells indicate site/variables where there were insufficient data to assess
the trend.
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idNByRa

dzy t A1 St @Q A YLINE EiFGiguiets), MNKN Sud Surbitlity QverdzRp8ar period and

E.coli NNN and TN over a20S | NJ LISNA 2 R®
trend for E.coliat Ophir (overlO-years).

¢t KSNBE I NB
Creek and Galloway and DRP at Ophir.

Dunstan Creek at Beattie Road; E. coli
Season: BiMonth

hil KSNJ G NBY R
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% Annual Seasonal Sen Slope = 12.9 %

Annual Seasonal Sen Slope = 3.88
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8.3 Water quality summaryand dscussionManuherekiaRohe
The tables in this section summarise
1) riversiteswhere the national bottom line is not méNPSFM2020)

2) trends in river and lake sites when the trends are gfebt) G Kl y Wf A1 St &8Q 2 NJ Wdz
3) all trends using raw data for gvs

Tablel2 Summary of river, red cells show where state does not meet the national bottom line in one
or more variableThere is no national bottom line for DRP, but DRP (median and Q95) have

been included in the table when8ia I OKA S@S | oFryR W5Q0
[al} — 5
Z
5 o)) — © S ~ (=
Elg|lz|e|lo|l8|loc|g|C| 25|88
| T |la|lEly | S|l S| e|ls|25s
Flz|<|d|x|W z | = | 5| 8| a0
zZ T 04 (@) =z = a = = g n
. Z o z o | 21| a
Site Name o
Thomsons Creek at SH85
Poolburn at Cob Cottage
Manuherekiad/s Fork

Manuherekiaat Ophir
Manuherekiaat Galloway
Manuherekiaat

Hills Creek

Dunstan Creek

Tablel3Summary oNRA @SNJ aA G Sa 6KSNBE (NByRA&.ofidencaislB I G SNJ G K
expressed categorically based on the levels defin@édie2

Analyte #Obs | Frequency| Period | AnnualSenSlop¢ Confidence Descriptor
Dunstan Creek atdattie Road
Ammoniacal N 67 | Qtr 20| 0 Virtually certain L
E. coli 57 | BiMonth 10 | 3.875332 Exceptionally unlikely Aann
Nitrite/Nitrate N 67 | Qtr 20 | 0.002833 Exceptionally unlikely aann
Total Nitrogen 67 | Qtr 20 | 0.003444 Exceptionally unlikely Anan
Turbidity 56 | BiMonth 10 | 0.036977 Extremely unlikely 407
Manuherekiaat Galloway
Ammoniacal N 118 | BiMonth 20| 0 Virtually certain Jod
Turbidity 118 | BiMonth 20 | 0.059861 Exceptionally unlikely Aann
Manuherekiaat Ophir
Dissolved Reactive P 101 | Month 10 | -0.00072 Virtually certain L
E. coli 101 | Month 10 | 8.899505 Exceptionally unlikely aann
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Tablel4 Overall smmaryof trends for the Manuherekia Rohe using raw data for rivers and
continuous data for lakes. Confidence is expresstadjoecally based on the levels defined in

Table2
)
" =
> > @ > g
> Q 2 2 > > 2 > [ S >
TS | § = > | 2 g 3 58 | 2%
g | g2 > 5 = X > L o8 |0l
E5 | B2 & £ |95 | £ |& E|EE | RE
S8 | o= > 5 < ¢ > > S5|WS |dSs
Descriptor JJ I ) J Jl an Aana|l nmn
Rivers- 10-yeartrend 1 10 4 4 1 1 2
Rivers- 20-yeartrend 2 1 4 1 3

In the Manuherekia Rohetate analysis identified that upstream of Falls Dam water quality was
ISySNIrfte @GSNEB 3I22R YR | OKAS@SRutds k&suted. {Fora | G G N
periphyton the mainstem upper Manuherekia (Blackstone Hill) and Dunstan Creek achieved attribute
oFYyR W. Q> o6dzii Ay (GKS f26SNJ al ydzKSNBS{ Al oDIff2g
E.colithe upper Manuherekia achieved G NA 6 dzi S o1 YR W. Qk Q/n@ingiedail (K S
and all tributaried OKA SPHSR | y | gladinghendbkelSwhe riatibridl bdttbndlne.

(Y
1

In the Manuherekia catchmensoilswith poorer drainage characteristics are fouad the true ridnt

of the ManuherekigRiver, particulariaround theThomsons Creek and Lauder Creek catchments. The
implicationof poor soil drainagés run-off (from rainfall/irrigation) can transport soil and associated
bacteria and nutrients to the nearest watercoargontributing to poor water quality. The poor water
quality in Thomsons Creek is likely replicated across all Creeks originating in the Dunstan Mountains,
water quality becomes poorer as these tributaries flow over productive farmland towards the

Manuherekia

Across the Manuherekia Rohe there are a number of sites with degrading water quality trends, as
shown inTable 13. Tributary sites which havégtateQbelow the national bottom line are likely
contributing to he degrading trends inthe mastem® ! & hLIKANI 'y WSEOSLIi A2V f
trend for E.coliwas identified,but trends in Dunstan Creekvere degrading forE.colj NNN and

turbidity (10-years) andi.coljNNN and TN (ove&t0-years).

In Table13 only sites with99%, 95% ,1% and 5% confidence levels are shown. These equate to the
WHAANI dzZ f £ &8 OSNIFAYQTX WSEGNBYSte fA1SteqQsr WSEOSLI
important to note when sites have aero sen slopalongsidea reasonably higlevelof confidence in

trend direction at these siteshe rate of the trend (i.e., the Sen slope) is at a level that is below the
detection precision of the monitoring programm#n the Manuherekd Rohe, these sites includiéH,-

N at Dunstan Creek and Manuherekia at Galloway.

In summary:

1 Bacterial water quality is excellent in thdanuherekiaabove Falls Dam, concentrations
AYONBIFAS R2yaldNBIY gAGK 020K hLKHAeNitongiR DI f f
bottom line.

1 Bacterial water quality is below the national bottom liaéall tributary sites (Hills Creek,

Thomsons Creek and the Poolburn)

1 Nutrients increase in the maistem between Blackstone and Ophir, then DRP improves
downstreamtoach S@S o6l yR W. Q |0 DIff2g6led

9 The tributariesPoolburn and Thomsons Credlave poor water qualityacross all attribute

states other than toxicity mainigchieingband¥5 Q> 06Sf 2¢ GKS. bt { Ca 062G
Dunstan Creek has degrading trendsHEorolj NNNandturbidity (overl0-years)
hLIKANI KFE& |y WSEOS LifréngfygrE.cofiaverizyetis). 1 St 8 Q A YLINR O,

= =
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Figurel9 Location of water quality monitoring sites in tRexburgh Rohe
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9.1 StateAnalysisResults

The results of grading the SoE sites in the Roxburgh Rohe according to the NPSFM NOF criteria are
summarisedn Figure20 and mappedrigure21. Manysites h the Roxburgh Rohe did not metbie

sample number requirementgshown inTable1) and accordinghare shown as white cells with
coloured circles

A small square in thapper left quadrant of the cells indicate tts#te grade for the baseline period
(20122017) where the sample numbers for that period met the minimum sample number
requirements.

NOF Band Il A BN CHEEDEEE

Teviotat BridgeHutsRoad | ® ® @ @ @ ® 6 o6 o o o o o

Fraser at Old Man Range

Clutha @ Millers Flat

Benger burn at SH8
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Figure20 Grading of the riveand lakesitesin the Roxburglbased on the NOF criteri&rades for
sites that did not meet the sample number requirementBahlel are shown as white cells
with coloured circlesThe white cells indicate sites for which the variable was not monitored.
Small square in thepper left quadrant of the cells indicate the site grade for the baseline

71 Otago Water Qudl: Rivers and Lakes 202020



Ammonia - max.

Y

E. coli - g260.

“Y\

X

E. coli - Swim.

-a

Periphyton (TN)

( ] o
F
N\’_/

Ammonia - median

E. coli - g540.

\~ %

"

Nitrate - median

.
X,
oy
)
]

Suspended fine sediment

)

®@ A OB 06 C @ D e E

DRP - median

!
|

E. coli - median

Nitrate - Q95.

5,

DRP - Q95.

\\«

E. coli - Q95.

,
L
\

3

Periphyton (DRP)

\\

Figure21 Maps showindroxburghRohe sites coloured according to their state grading as indicated

9.1.1 Periphyton and Nutrients

by NOF attribute bands. Bands for sites that did neenthe sample number requirements
specified inTablel are shown without black outlines.

Results for the river periphyton trophic state results sihewn inFigure20 (periphyton). The Roxburgh
Rohe does not have any sites that are monitored for chlorophyll avibit(2020) TN concentrations

to manage the NPSFM periphyton attribute stagg®wi K I

GKS CNJ aSNJ wih gSNJ

few resultsexceed 50 chiym? meaning that blooms would be rare, reflecting negligible nutrient
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enrichment, the/ £ dzG KI | & aAf f SNBviot@®h P& NI | andthelBengewBUE (0 K S
I OKAS@Sa | o6FlyR W5Q0

The MfE (2020pRRconcentrations to manage the I$IFM periphyton attribute stateshow the same
LI GGSNY a GKS ¢b o6FyRaAXI 20KSNJ KFy GKS CNJY aSNJ |
Al T OKASGSR Ly WIQ o6FyR FT2Nl ¢bho

Figure21 also shows DRP attribute $t@ for ecosystem health (DRP median and Q95). The results in

the RoxburghRohe showK | & S@SNE &aAdS | OKAnSHEBanger budm whidR W! Q3
I OKAS@Sa ONPGHN 2020eSctibestbKySRQ W %0 2 f cdmhiuriitiest are impacted by

modeate DRP elevation above natural reference conditions. If other conditions also favour
eutrophication, DRP enrichment may cause increased algal and plant growth, loss of sensitive macro
AYOSNISONI GS yR FAAK GFEFZ FYR KAIK NFdSa 27F NE

The NPSFM 202@8escribes how phytoplankton affects lake ecological communitiéise i€hlorophyll
aconcentrationid y G KS W! [Qke@dolggral coiniuBities abe healthy and resilient, similar

G2 yIGdzNT £ NB.RENB fgrQdke GdvarRshawh iRjQEr€21, the lake achieves an

Wi Q oFyR F2NJ YFEAYdzY OKf 2NRLK&ft | I LakéfnslowNR LJa
I OKASAS A FIFR¥.¢b YR | W Q 0L faRecciogiddd cdnmmEnitigs e OK A Y
slightlymoderately impacted by additional algal and plant growth arising from nutrient levels above

natural referenceconditions.

9.1.2 Toxicants (Rivers)

In the Roxburgh Rohe tidOFattribute bands foNH,-N and nitrate (measuwgd as NNN) toxicity) show
excellent protection levels against toxicity riskadly 2 Y A G 2 NA Yy 3 & A (i S ANHNSBanddzNYy | y
NNN

9.1.3 Suspendedine sediment

The clarity results for thRoxburghRohe areshownin Figure20. TheFraser Rerreturnsa NOF band

2F Wl QO ¢ K Antinknal Rt of Sdsperidled sediment on instream biota. Ecological
O2YYdzyAliASa FNB AAYAfLFN (2 (K2 INPSPMP2DDNIIERa Ay VY I
at Millers FlaNB (0 dzNJya | blhyCR olrK/R .2SFy HENI 0 dzNY YR ¢S@A21
suspended fine sediment, which is below the national bottom.line

9.1.4 Human health for recreation
Figure20summarisesompliance fo E. colagainst the four statistical tests of the N&Fcolattribute.
The overall attribute state is based on the worst grading withthe natibn 6 2 GG 2Y f Ay S 0SAY

Lake Onslow, the Fraser River and @atha at Millers Flal5 i dzNJfds 8tross albfour statistical
tests, but the Tevioand Benger Burn achieve W5 Q 0 | fidk in@rBnOF" dedicéntile is
>1200E.coli100ml.
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9.2 Trend Analysis

Results fromrend analysis for th&oxburghRohe isshown inFigure22.

I Exceptionally unlikely
R Extremely unlikely
5 Very unlikely

Unli elr

As likely as not

Likely

Very likely
I Extremely likely
I Virtually certain

Clutha @ Millers Flat

Clutha @ Millers Flat .

uowiwy
le}

uaboniN [ejoL

Aypiquny

snioydsoyd [ejol

z
&
4
D
@
z
3
(s]
[1]
=]

uaboniN [eoe

I Exceptionally unlikely
I Extremely unlikely

8 Very unlikely
Unlikelr
Lake Onslow at Boat Ramp ° As likely as not
Likely
Very likely
[ Extremely likely

B Virtually certain

e ||[Aydoiolyo
uabounIN |ejoL
snioydsoyd |ejol
Aupign |

uabouyiN [eseluowiy

uaboniN a1enIN/RIIIN
(ge) spijos papuadsng

Figure22 Summary oRoxburgh Rohsites categorised according to the level of confidence that their
10 and 26year raw water quality trends indicate improveme@bnfidence that the trend
indicates improvement is expressed using the categorical levels of confidence defimlae in
2. Cells containing a black dot indicate site/variable combinations where the Sen Slope was
evaluatedas zero (i.e., a trendhte that cannot be quantified given the pigion of the
monitoring). White cells indicate site/variables where there were insufficient data to assess
the trend.

Trend analysifor both rivers and lakes are givenRigure22. In the 108year time frame, Lake Onslow

dK2ga WSEOSLIiA2y Lt f & NHNahdcBidrapteyll ai whedNmogt bfytha otieNB y R &

B NARFofSa aKz2g¢g WEA1SteQ (2 WOANIdzZ tfe QBeNdilFAyQ A
analysis shows a S| NJ WSEOSLIiA2yltteé dzytAa1SteQ AYLNROS
improvement inNH-N> K2 § SOSNJ yYdzi NASy i O2yOSYy(iNrGA2ya KI O
OSNIIAYQ (2 K20488 ANYR2ZOSRA 2 PSBEONBYSKEODBS AYLINE O3S
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9.3 Water quality summary Roxburgh Rohe

The tables in this section summarise

1) river and lake sites where attribute@ghere the national bottom line is not mégNPSFM2020)
2) trends in river and lake sites when the trends areaggeNJ G Kl y Wf A1 St &8Q 2 NJ Wdz
3) all trends using raw data for rivers and continuous data for lakes over the twep@meds

Tablel5 Summary of river state, red cells show where state does not meet the national bottom line in
one or more variable.

NH:N - max
NHiN - median
ASPM
DRP- median
DRR; Q95
E.coli
MCI
NNN- median
NNN¢ Q95
Periphyton
Periphyton (DRP
Periphyton (TN)
Suspended fine
sediment

Site Name

Teviot at Bridge Huts -

Fraser at Old Mans
Clutha at Millers Flat
Benger burn at SH8

Tablel6{ dzY Yl NB 2F NRAROSNJ aAiGSa 6KSNBE (rAbddt®a I NS INBL
Confidence is expressed categorically based on the tefated inTable2

Analyte | #0bs| Frequency| Period | AnnualSenSlop{ Confidence | Descriptor
Clutha at Millers Flat

Nitrite/Nitrate N 237 | Month 20 | -0.00034 Virtually certain L

Total Phosphorus 235 | Month 20 | -5.52417 Extremely likely L

Turbidity 237 | Month 20 | 0.03662 Exceptionally unlikely anan

Tablel7 Summary of Lake Onslow trendeentheyl NB 3 NB I (i S NHzif K A offitdndep St & Q
is expressed categorically based on the levels defingahile2

Analyte | #0bs]| Frequency| Period | Confidence | AnnualSenSlope | Descriptor
Lake Onslow at Boat Ramp

Ammoniacal N 49 BiMonth | 10 Exceptionally unlikely | O anan

Chlorophyll a 49 BiMonth | 10 Exceptionally unlikely | O Annan

Nitrite/Nitrate N 49 BiMonth | 10 Extremely likely 0 L)

Total Phosphorus | 49 BiMonth | 10 Extremely likely -0.00096 L)

Turbidity 36 Qtr 10 Virtually certain -0.36326 L

Tablel8 Overall smmaryof trends forLake Onslowcpntinuous data Confignce is expressed
categorically based on the levels defined @ble2

>
” =
> > 3 > =
> Q < 2= > S I
< | § = > | 2 T T ET | 2%
= g > > © = = > x| 9@ ¥ O X
ES|R2| & £ |5 | £ |6 T RE|RE
S 8 W = > 3 < ¢ D > S|l WS w s
Descriptor JJ J ) JJ J 7 an Aanal Ang
River¢ 10-yeartrend 4 1
River¢ 20-yeartrend 2 2 1 2
Lakes; 10-yeartrend
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The State analysis identified water quality in tRexburgh Roheivers is generally good arttie

bt { Ca 0 kasRchigved¥omost attributes. The only exceptions were feaspended fine
sedimentwhich was below the national bottom line in the Teviot and the Benger Burn. The suspended
fine sediment in the Teviot ikkely due to Lake Onslow, the main input to the rivas,the l&e is
shallow andsusceptible to sediment resuspension from wihdven wavesE.coliwas also below the
national bottom line at these two sites.

In Tablel6 and Tablel7 only sites with99%, 95% ,1% and 5% confidence levels are shown. These
Sljdz- 6S G2 GKS WOANIdZ tfté& OSNIIAYyQY WSEGNBYSte f
categories. Wen sites have aero sen slopalongsidea reasonably higlevelof confidence in trend

directionthe rate of the trend (i.e., the Sen slope) is at a level that is below the detection precision of

the monitoring programmeln the Roxburgh Rohe, Lake Onslow had three parametes with a zero Sen
slope;NH:-N, chlorophyll a andN\NN. Lake Onslow, ov@dyead KIF R | W@HANI dz t €& OS
GNBYR F2NJ bbb FYR Fy WSEGNBYSte tA1SteQ AYLINRJA
aK26SR Yy WSEOSLIiAz2ylffe dzyftA1SteQ AYLNROAYI (NE

In summary:

Water quality in theQuthaat Millers Flat and Fraser Rv@Sy SNI f f @ | OKAS@S Wi ¢
The Teviot River does not meet the national bottom lineEarolior suspended fine
sediment.
1 The Benger Burn does not meet the national bottom linestesspended fine sediment or

Ecollf YR W5Q o6lYyR& FINB I OKASOSR FT2NJ LISNALKe& G2y
f ¢KS /fdzikKlI 40 aArAffSNBR Cflid KF-a Iy WSEOSLIIiAZ2Y
20-years)

T
T

76 Otago Water Qudl: Rivers and Lakes 202020



10 [ 26 SN / f dzif ki KW2 K& G dzx | dz

$ B 7 y } N,

Figure23 Location of water quality monitoring sites in thewer Clutha Rohe
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10.1 State AnalysiRResults

The results of grading the SoE sites in the Lower Clutha Rohe according to the NPSFM NOF criteria are
summarisedn Figure24 andmapped inFigure25. Many sites in the Lower Clutha Rohe did not meet

the sample number requiremeni{shown inTablel) and accordinglare shown as white cells with
coloued circlesMost sites for some variables have white cells, this indicates thatdhable was not
monitored.

A small square in thapper left quadrant of the cells indica¢he site grade for the baseline period
(20122017) where the sample numberfor that period met the minimum sample number
requirements.

NOF Band Il A BENCHEEDNEE

Waiwera at Maws Farm

Waiwera at Clutha confluence u/s 1km
Waitahuna at Tweeds Bridge

Wairuna at Millar Road

Waipahi at Waipahi

Waipahi at Cairns Peak

Upper Pomahaka at Aitchison Runs Road
Tuapeka at 700m u/s bridge
Pomahaka at Glenken

Pomahaka at Burkes Ford

Lovells Creek at Station Road

Heriot Burn at Park Hill Road

Crookston Burn at Kelso Road

Clutha @ Balclutha ]
Blackcleugh Burn at Rongahere Road | @ ® 6 06 06 06 0O ® 0 0 [ J
> > ommmMmMmMmMmMmMEZE ZZ T T T O
3 BB D5 o000 OFF8 88§
3 U T T g 866 606 8 8 5 T T O
o < . = = = = = T 0T T T S O
3, =S - B A - - -
Q
T & 8 N @ % 8 = g 8 5 53 5 8
3 3 3 S o g3 s o T3 =
g8 > ’ g X Z o
X 3 2
- S
3
[0}
=

NOF Band Il A BN CHEEDNEE

Lake Tuakitoto at Outlet
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dlL

Xe[\ :N [eoBluOWWY
uelpal\ N [eoBluoWWY
xe|\ :e |Aydoiolyn
uelps :e |Aydololyn
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Figure24 Grading oRRiver and Lake sites in the Lower Clutha Ruodmed on the NOF criteria.
Grades for sites that did not meet the sample number requirementashfel are shown as
white cells with coloured circleBhe white cells indicate sites for which the variable was not
monitored. Small square in the upper left quadrant of the cells indicate the site grade for the
baseline
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Ammonia - max. Ammonia - median ASPM DRP - median

I

DRP - Q95. E. coli - median

E. coli - Q95. E. coli - Swim. MCI

1

Periphyton (DRP) Periphyton (TN)

@ A OB © C @€ D e E

Figure25Maps showind.ower Clutha Rohstes coloured according to their state grading as
indicated by NOF attribute bands. Bands for sites that did not meet the sample number
requirements specified ifablel are shown without black outlines.
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10.1.1Periphyton and Nutrients

Periphyton trophic state results to date are giviarFigure24 and showthat the Lower Clutha Rohe

returns eitherbg R W! Q 2NJ 6t yR W. Q F2NJ LISNALKeaG2yd ¢KS . f
2} AL KA KFE@S 'y AYyGSNRY Whi@m? refldiing helyligifleSnatrientS & dzt (0 3
SYNROKYSy (o ¢KS 2FAGlI Kdzyl NBO2NRa |y AYUSNRY ol

Figure 25 shows theMfE (2020) DRP an@N concentrations to manage the NPSFM periphyton
attribute state (periphyton DRP and periphyton TNgirld he 20% exceedance criteria (mi@hge),

the DRP and TN median concentrations in thedroBlutha Rohe generally exceed the T200 mg chl

akYH OFYyR FYyR Y2al araasSa FOKAS@S || o6FyR W5Q03 | &
The outliers are the Clutha at Balclutha, Upper Pomahaka and Blackcleugh Burn which achieve a band
Y. Qo

Figure24 also shows DRP attribute states for ecosystem health (DRP median and Q95). The results in
the Lower CluthaRoheare varied, he sites with lownutrients achieveband BQ = NPSF$ 2020
describes this attributéi (i I (ieBolobical céhmunities and ecosystem processes are similar to those
of natural reference conditions. No adverse effects attributable to dissolved reactive phosphorus (DRP)
enrichment are expect&2

The Pomahaka catchment has eight sites, tipper two sites (Upper Pomahaka and Pomahaka at

Dt Sy1Syo I OKAS@S Wl Q oFlyRad ¢KS GNRodzilF NARS& Syl
example the Crookston Burn, Heriot Burn and iMaal OKA S@S o6l yR W5Qd ¢KS S7¥1
inputsisthdl GKS f26SNJ YFAyadSyYy t2YFKF{lF 6. dz2NJ Sa C2NRO
The NPSFM 202describes how phytoplanktofmeasured as chlorophyll @ffects lake ecological
O2YYdzyAlASad LF LIKeE {2 LI}Uaké pddlagical dommuhities adiefh&altiyl! Q o | y |
resilient, similar to natural reference conditi@®gure24a K2 g a GKI G [ 1S ¢dzr {AG20G
gKAOK Aa BBlagicdNdorontufities have bhdergone or are at high risk of a regime shift to
persistent, degraded state (without native macrophyte/seagrass cover), due to impacts of elevated

y dz(i NJAL&kgTuakitoachievesV 5 Q sdol bptR total nitrogerand total phosphorus DEbarié!

reflects high nutrient enrichment, which is consistéor a shallowriormal lake levels of about one

metre) freshwater wetland (ORC, 2004).

10.1.2 Toxicants

NOF attribute bands folH:-N are given inFigure24. The nationabottom line for NHs-N is below

oFyR W. [P INI /(fKdBI Kl Fff &aAdGSa | OKASGS o6l yR Wl Q
OFGOKYSyYy (G 6/ NR21at2y . dz2NYyZI | SNA2G . dzNY whighR 2 | A NZ
affords a 95% species protection level

NOF attribute bands for nitrate (meared as NNN) toxicitgre given irFigure24, againthe national

o2002Y fAYyS A& 0St2¢ RoheYRaW. (B¢ G(RBABPBSHM (KB
2U0KSNJ 0KIFyYy 21 ANHzy | ¢ri0daOR LISAREFDSE SH OWERSObYRCal |
band as NNN havingrowth effects on up to 20% of species (mainly sensitive species such as fish). No

I Odzi S STFSOUGaodQ

Lake Tuakitotaeturns | BQW 0 195%Rspedies protection level) foiH-N toxicity, showing good

protection levels against toxicity risk.
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10.1.3Suspendedine sediment

The clarityresults forLower Cluth&ohe are showin Figure24. Mostof the sites return a NOF band

2 T QuHishthe NPSFM desciisas\Highimpact of suspended sediment on instream biota. Ecological
communities are significantly altered and sensitive fish and macroinvertebrate species are lost or at
high risk of bei  f Poar&i@giWaiwera, Waipahi at Cairns Peak, Upper Porkalaad Blackcleugh
Burnreturnt y W! Q o6l yR®

10.1.4Aquatic Life(Rivers)

Macroinvertebrate Community Index (MCI) scores provide an integrated indicator of the general state
if water quality and aquatic ecosystem health at a siegure24 summarisesMCI scores for sites
monitored for aquatic macroinvertebrates throughout the Lower Clutha Rohe.

Threeof the monitored sites; Waipalat Waipahi, Wairuna and Waiweraldeve an interim MCI score

below the national bottom lie (MCI 90). The NPSFM describes this stateWa¢BS ¥t SOG A y 3
macroinvertebrate community indicative of sever organic pollution or nutrient enrichment.

/| 2YYdzyAGASEa I NB tI NBStée O2YLIaSR 2F GFELThayaSyahi

UppeNd t 2 Yl KF 1 F FyR .t 010fSdzaAK . dzNy | OKAS@S (KS K
The ASPM interim scores shownFigure25 generallyreflect those of the MCI scores, only the

Waiwera falls below the nation@l 2 G 6 2Y f Ay S GAGK | YSRALFY a02NB 27
ariasSa FrOKASES | w.Q 3ANI RSO

10.1.5Human health for recreatior{Rivers)

Figure 25 summarises compliance fdE. coliagainst the four statistical tests ohé¢ NOFE. coli
attribute. The overall attribute state is based on the worst grading with the natibotiom line being
I W5Q o0l YyR®

Compliance is generally ppacross the Lower Rohe, with 12 of difes returning bacterial water

quality below the nationbbottom line TheNPSFM 202@escribesd | YR W& ®: | #F (G KS GAY
SadAYIFIGSR NRAE&A]l Aa xpn Ay wmInnn O.Fpthelckdelgtt ¢ KS |
.dzNY | OKASOGSR |y Wl Q o6FlYyR®

In the Pomahaka catchment, of the eight sites monitored three sites; the Crookston Burn, Heriot Burn

and2 I A NHzy' I I OK A Stré&: Rites: WaipaHiaCaié Beak>Upper Pomah&anahaka
at Burkes Fordndt 2 Y+ KI 1+ i DESy18y FOKASOSR | WwW5Q oty
FOKASOSR | W. Q oFyRO®
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10.2 Trend Analysis

Trend analysisesultsfor the Lower Cluth&Roheare shown inFigure26 and Figure27

Figure26 Summary of. owerCluthaRohesites categorised according to the level of configethat

their 10 and20-yearraw water quality trends indicate improveme@onfidence that the trend
indicates improvement is expressed using the categorical levels of confidence defiakled in
2Tablel. Cells containing a black dot indicate site/variable combinations where the Sen Slope
was evaluateds zero (i.e., a trend rate that cannot be quantified given theigios of the
monitoring). White cells indicate sitedriables where there were insufficient data to assess
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Figure27 Summary of.ake Tuakitoto trendsategorised according to the level of confidence that
their 10 and20-yearraw water quality trends indicate improreent. Confidence that the trend
indicates improvement is expressed using the categorical levels of confidence deTiable in
2. Cells containing a black dot indicate site/variable combinations where the $e&wv&ls
evaluatedas zero (i.e., a trend rate that cannot be quantified given theigiom of the
monitoring).

Trend analysis for théoower CluthaRohe rivers is shown iRigure 26. The Waitahunareturns
WS EOBHIGtAR dzyt A1 St & Q20veakidt®RIE ¥dl TN) TREydRuibidig).d S NJ

Overthe2@ S| NJ LISNA2R 5wt YR bbb ¢SNB YvY2ad fAl1Ste (2
andNH-NY2 a0 tA1S8fte (2 aKz2g WOIANE yechrfperiodddMditdsangd Q A Y LJ

Y2ad FylftedsSa INB aK2gAy 3 emebtAdr &anple.caligd theWHdriotNIi dzl € £
Burn Figure28)

Trend analysis for Lake Tuakitoto is showRigure27, DRP over both I@ear and 18/ear periods is
WSEOSLIiA2ylffte dzytA1SteQ (2 068 AYLNRGAYy3IOD

Heriot Burn at Park Hill Road; E. coli

Season: Month
% Annual Seasonal Sen Slope = -T5% Mote: y—axis cropped at 2 s.d.
Annual Seasonal Sen Slope = -39.9 o Max obs. value = 45000
Confidence trend is decreasing = 0.999
8000
L]

$ o o

=

8 4000+ »

2012 2014 2018 2018 2020
Time
Data Type Censoring Trends
Observations — ~
(season median) B Mon—ocensored o0% ..
@ Raw Obsarvations B Censored — Trend

Figure28 Heriot BurnE.colh & W@ANIidz- f f @8 OSNIDWeas)Q (2 0SS A YLINE DA
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10.3 Water quality summay and discussiont.ower Clutha Rohe

The tables in this section summarise

1) river and lake sites where attribute@ghere the national bottom line is not mégNPSFM2020)
2) trends in river and lake sites when the trends are gfebit) G Ky Wt AQ St &8Q 2 NJ Wdz
3) all trends using raw data for rivers and continuous data for lakes over the twep@meds

Tablel9 Summary of river and lake state, red cells show where state does not meet the national
bottom line in one or more variabl&here is no national bottom line for DRP, but DRP (median
and Q95) have been includedthe table when sites achiegel Y R W5 Q ®

NH:N - max
NH:N - median
ASPM
DRP median
DRR; Q95
E.coli
MCI
NNN- median
NNN¢ Q95
Periphyton
Periphyton (DRP
Perighyton (TN)
Suspended fine
sediment

Site Name
Waiwera at Maws Farm
Waiwera at Confluence
Waitahuna at Tweeds
Wairuna at Millar Road
Waipahi at Waipahi
Waipahi at Cairns Peak
Upper Pomahaka at
Tuapeka at 700m u/s
Pomahaka at Glenken
Pomahaka at Burkes
Lovells Creek at Station
Heriot Burn at Park Hill
Crodkston Burn at Kelso
Clutha at Balclutha
Blackcleugh Burn at

N

Table20 Summary of Lake Tuakitoto State where attributes are graded D or below

z o
= =

NH:N - mediar]
CHorophyll a
-max
Chlorophyll a
median
E.coli
Overall

NH;N - max

Lake Tuakitoto at Outlet
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Table21{ dzY Y I N&

2F NAOGSNI aadGSa

expressed categorically bed on the levels defined Trable2

g KSNB

(Qvi¥igeRca is F N 3IANB |

Analyte #0Obs | Frequency| Period | AnnualSenSlop¢ Confidence Descriptor
Clutha atBalclutha
Dissolved Reactive P 119 | Month 10 | -9.6E05 Virtually certain )
Dissolved Reactive P 239 | Month 20 | -1.8E05 Extremely likely S
Total Nitrogen 239 | Month 20| -0.00101 Extremely likely J
Total Phosphorus 119 | Month 10 | -0.00019 Very likely J
Total Phosphorus 239 | Month 20 | -9.4E05 Extremely likely J
Turbidity 239 | Month 20 | 0.050084 Exceptionally unlikely 4444
Crookston Burn at Kelso Road
Ammoniacal N 99 | BiMonth 20| -0.00117 Virtually certain )
Dissolved Reactive P 99 | BiMonth 20 | 0.000914 Exceptionally unlikely A040
Total Phosphorus 99 | BiMonth 20 | 0.000942 Exceptionally unlikely 4447
Heriot Burn at Park Hill Road
Ammoniacal N 116 | BiMonth 20 | -0.00031 Extremely likely J
Dissolved Reactive P 103 | Month 10 | -0.00099 Extremely likely S
Dissolved Reactive P 116 | BiMonth 20 | 0.000996 Exceptionally unlikely 4007
E. coli 103 | Month 10 | -39.9303 Virtually certain )
Nitrite/Nitrate N 116 | BiMonth 20 | 0.018769 Exceptionally unlikely 4444
Total Nitrogen 104 | Month 10 | -0.03997 Virtually certain S
Total Nitrogen 116 | BiMonth 20 | 0.015408 Extremely unlikely 404
Turbidiy 104 | Month 10 | -0.25686 Extremely likely S
Pomahaka at Burkes Ford
Ammoniacal N 115 | BiMonth 20 | -0.00025 Virtually certain JJ
Dissolved Reactive P 102 | Month 10 | -0.0004 Virtually certain L1
Dissolved Reactive P 115 | BiMonth 20| 0.000198 Extremely utikely 447
Pomahaka at Glenken
Ammoniacal N 116 | BiMonth 20| 0 Virtually certain L1
Turbidity 57 | BiMonth 10| -0.10541 Extremely likely S
Waipahi at Cairns Peak
Nitrite/Nitrate N 68 | Oftr 20 | 0.015656 Exceptionally unlikely A040
Total Nitrogen 57 | BiMonth 10 | -0.02694 Extremely likely J )
Total Nitrogen 68 | Otr 20 | 0.023244 Exceptionally unlikely anng
Turbidity 57 | BiMonth 10 | -0.39658 Virtually certain JJ
Turbidity 66 | Otr 20| -0.1245 Extremely likely JJ
Waipahi at Waipahi
Ammoniacal N 104 | Month 10| 0 Exremely likely JJ
Ammoniacal N 116 | BiMonth 20 | -0.00042 Virtually certain L
Dissolved Reactive P 104 | Month 10 | -0.00051 Virtually certain L)
Dissolved Reactive P 116 | BiMonth 20 | 0.000248 Extremely unlikely 4400
MCI 10 | Year 10 | -0.78438 Extremely unlikly 404
Turbidity 104 | Month 10| -0.1321 Extremely likely J )
Turbidity 115 | BiMonth 20 | -0.05558 Extremely likely S
Wairuna at Millar Road
Ammoniacal N 100 | Month 10| -0.00233 Virtually certain L
Ammoniacal N 68 | Oftr 20 | -0.002 Virtually certain L
Dissolved Reactive P 100 | Month 10 | -0.001 Virtually certain L
Dissolved Reactive P 68 | Oftr 20 | 0.000541 Extremely unlikely 404
Nitrite/Nitrate N 68 | Oftr 20| 0.031128 Exceptionally unlikely A040
Turbidity 100 | Month 10 | -0.37005 Extremely likely L)
Waitahura at Tweeds Bridge
Dissolved Reactive P 105 | Month 10| -0.00027 Extremely likely L)
Dissolved Reactive P 117 | BiMonth 20 | 0.000503 Exceptionally unlikely 4007
E. coli 117 | BiMonth 20 | 8.810425 Exceptionally unlikely 4007
MCI 10 | Year 10 | -4.04643 Exceptionall unlikely A04a0
Nitrite/Nitrate N 117 | BiMonth 20 | 0.002618 Extremely unlikely 404
Total Nitrogen 116 | BiMonth 20| 0.006733 Exceptionally unlikely 4007
Total Phosphorus 116 | BiMonth 20 | 0.000817 Exceptionally unlikely A04a0
Turbidity 117 | BiMonth 20 | 0.072094 Exceptionally unlikely A040
Waiwera at Maws Farm
Turbidity 106 | Month 10 | -0.12939 | Extremely likely | J
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Table22 Summaryt  {|S aAGSa 6KSNBE GNBSyRa 002y dAydz2dza R
Confidence is expressed qgdeically based on the levels definedaible2

Analyte | #0b | Frequenc | Period | TrendDirection | AnnualSenSlope Descriptor
Lake Tuakitoto at Outlet

Dissolved Reactive | 59 BiMonth | 10 Increasing 0.001987755 anan

Dissolved Reaatt P | 104 | BiMonth | 18 Increasing 0.001845163 aAnnan

E. coli 59 BiMonth | 10 Decreasing -5.947082768 o

Total Phosphorus | 104 | BiMonth | 18 Increasing 0.002423052 anan

Table23 Overall smmaryof trends for the Lower Clutha Rohe using da#a for rivers and
continuous data for lakes. Confidence is expressed categorically based on the levels defined in

Table2
=
> > 3 > | £
> 3] > > > 2> 5 >
= c | E = K =H E= | a5
Sslex| 2 | 3 |2 & |>2282|8¢
Sg|d=| 2 |5 |28 5 |2 585|485
Descriptor JJ J ) J ) J 7 an ann nan
Rivers- 10-yeartrend 8 9 12 21 16 8 1 1
Rivers- 20-yeartrend 5 6 3 7 9 8 2 5 13
Lakes; 10-yeartrend 2 1 3 1 1
Lakes; 18 year trend 1 1 1 2 2

In the Lower Clutha Rohe water quality generbag poor wagr clarity and high bacteria and nutrient
concentrations Of the NOF attribute stateg.coliwas below the bottom line ii2 of the 15 sites
monitored, suspended solids below the national bottom linséwenof the 15 sites andDRRFnN four
of the monitored sites.

Lake Tuakitoto is a large freshwater wetland situated in the lower Clutha River catchment, Lovells
Creek is the main inflow into the Lake. Lovells Creek scores poorly across all attribute states and is a
reflection of the catchment, which lartyeconsists of intensively grazed pasture with some scrub, and

LI I ydFrdA2y F2NBAGNRB® [1S ¢dz (1AG202 a02NBa W5Q ¢
situation is unlikely to change, due to the shallow nature of the lake and poor flufiting

Alongside the poor state, trend analysis shows that water quality continues to degiabme sites

The Waitahuna has degrading trends for DERpIlj TN, TP and turbidity. The reason for this is
unknown, as stated previously, having accuratéorimation on changes in land use and land
management practice will help in identifying drivers of change evident with some water quality
variables.

Ly GKS OFr&as 2F GKS t2YFKFE1l OFGOKYSyils 2F G(GKS &7
EcdiY2al aO02NB LR22NXfeé& ONraa |tf adraradaort aGSad
medianE.colistatistic. It is thought that insufficient effluent storage and a prevalence of mole and tile

drains through areas of the lower Pomahalechment result in these hidh. colconcentrations. This

is being addressed through Plan change 6AA, one of the aims of which is to strengthen provisions on

farm effluent management. OR€working throughout the Pomahaka catchment with groups such

asthe Pomahaka Watercare Group, the Landcare Trust and the Clutha Development Trust to address
water quality issues. A large part of this effort is focused on improving bacterial water quality.

J

ThePomahaka catchmerghows someositivesthre are far fewe degrading trends over the las0-

years than in the 26/ear timeperiod. TheHeriot Burn showl W@A NIidzl £ £ & OSNIF Ay Q |
E.coand TE Sljdzt t f & GKS 2| ANHzyl &aK2gaNH-NandBRPNIhelzl  f &
lower Pomahaka sité G . dzNJ S& C2NR | fa2 akKz2ga SyO2dzN» 3Ay3
O S NJinprowefent
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In Table21 and Table22 only sites with99%, 95% ,1% and 5% confidenceslevare shown. These

Slidz2zq §S G2 GKS W@OANIdzZ tte OSNIFAYyQX WSEGNBYStea f
categories. Wen sites have aero sen slopalongsidea reasonably higlevelof confidence in trend

direction, at these siteshe rate of the trend (i.e., the Sen slope) is at a level that is below the detection
precision of the monitoring programmen the Lower Clutha Rohe oriH:-N at Waipahi was in this

category.
In summary:

T 99SNE aAAGS | OKAS@Sa ndhigateoNdi!. Q oF yR FT2NJ | YY2)

1 Nutrient concentrations are generally high, other than in the m&tgm Clutha Blackcleugh
Burn and Upper Pomahaka

T b2 &aAidSa banOsKih &ehSNOW htfibute state monitored! sites have varying
degrees of degraded water gqiity;

1 In the Pomahaka catchmentabterial water quality is severely degraded at all monitoring
sitesother than the lower Waipahi.

9 TheHeriot Burn, Crookston BuriWaiwera Riveand Waipahi at Cairns Peak are thersto
performing sites of the Lower Chda/Pomahaka reporting regidiailing to meet the national
bottom line for many attributes. The mainstem Pomahaka becomes degraded with distance
downstream due to poor water quality inputs from these tributaries.

1 The Waitahuna has degrading trends for DREolj TN, TP and turbidity
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Figure29 Location of water quality monitoring sites in thaieriFMU
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11.1 StateAnalysisResults

The results of grading the SoE sites in the Taieri FMU according to the NPSFM N@Farziter
summarisedn Figure30 andFigure31 and mapped ifFigure32. Many sites in th&aieri FMUWid not
meet the sample number guirements (shown ifTablel) andaccordinglyare shown as white cells
with coloured circlesMost sites for some variables have white cells, this indicates thavénable
was not monitored.

A small square inhe upper left quadrant of the cells indicate the site grade for the baseline period
(20122017) where the sample numbers for that period met the minimum sample number
requirements.

NOF Band Il A

[vy)
i
(¢}
]
w)
i
m

Whare Creek at Whare Flat Road | @

Waipori at Waipori Falls Reserve

Taieri at Waipiata

Taieri at Tiroiti

Taieri at Sutton

Taieri at Stonehenge

Taieri at Puketoi
Taieri at Patearoa Maniototo Road

Taieri at Outram

Taieri at Linnburn Runs Road

Taieri at Creamery Road bridge

Taieri at Allanton Bridge
Sutton Stream at SH87

Silverstream at Three Mile Hill Road
Silverstream at Taieri Depot

Owhiro Stream at Riverside Rd
Nenthorn at Mt Stoker Road

Meggat Burn at Berwick Road
Kye Burn at SH85 Bridge

Deep Stream at SH87

Contour Channel at No. 4 Bridge

3 OClock Stream at Hindon o 6 6 0 O [ J
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Figure30 Grading of the river sites of tHeaiei FMUbased on the NOF criteri&rades for sites that

did not meet the sample number requirement§ @blel are shown as white cells with
coloured circlesThe white cells indicate sites for which the variat#e not monitored. Small
square in the upper left quadrant of the cells indicate the site grade for the baseline
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Figure31 Grading of thdakesites of theTaieri FMbased on the NOF criterigrades for sites that
did not neet the sample number requirementsTiablel are shown as white cells with
coloured circlesThe white cells indicate sites for which the variable was not monitored. Small
square in the upper left quadrant of tieells indicate the site grade for the baseline
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Figure32 Maps showingraieri FMUksites coloured according to their state grading as indicated by
NOF attribute bands. Bands for sites that did not meet the sample number requisement
specified inTablel are shown without black outlines
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11.1.1Periphyton and Nutrients

Results for the river periphyton trophic state results al®mwn inFigure32 (periphytor). Periphyton

trophic state results to datshow that theTaieri FMUachievesS A (i K S NJ at#rlou@e banNs fo¥. Q
periphyton. TheKyeBurn, Taieri at Outram and Taieri at SuttbnrOKA S@S |y AYyGSNAY WI
results exceed 56hla/m?, reflecting ngligible nutrient enrichment. The Silverstream and Taieri

2 ALALF G NBO2NR AYUGISNRAY W.Q olyR& GKAA NBTFfSOG:
occassional blooms (NPSF2020)

Figure 31 shows theMfE (2020) DRP andN attribute bands to manage the NPSFM periphyton
attribute state (periphyton DRP and periphyton TN3ingthe 20% exceedance criteria (rriahge),

the TN median concentrations in the Taieri FMU are generally in the T120 ragnéhor T2M mg

chta/m26 | y R2 NIWHhEENIY Qutliers are the Owhiro Stream and the Silverstream which achieve
0FlYR W5QF 620K IINB t20FGSR 2y GKS ¢IFASNR tflAyo®

Usingthe 20% exceedance criteria (rrahge), the DRP median concentrations in Tieéeri FMUare
generally in the T200mgehk YH o0F YR 62NJ ok yR W/ Q03X NBFESOGAy3
Silverstream at Three Mile Rohds alower DRPmedianconcentation and achievé 6 | @FRe W.
ariSa FOKAS@GS | ol yR W5 QJeardakividiototo Rdad Bfidga, Eréamérk G S a ¢
Road Bridge), Owhiro Stream and the Contour Channel.

Figure32 showsmedianDRPfor an attribute statearound wider ecological health, rather thgumst

chlorophylla. The result in theTaieri FMUWshow thatmost sitesachieveeither aband¥8Q 2 NJ o Yy R W,
the NPSFM 20268escibes thisas\Having ecological communities and ecosystem processes similar or
slightly impacted by minor DRP elevation above natural reference co@iitveed A 1 Sa F OKA S@PSR
band, including two mainstem Taieri sité%afearoa Road Bridge and Waipjaf@vo sites achieved a

ol YR W5Q T2 NJ (KShe®whiro StréaR and the Taiéri-afiCre@rieky Road Bridge

TheNPSFM 2026escribes how pytoplankton affects lake ecological communities. If phytoplankton

Ada Ay (GKS WwIQ o6FyRT GKSYy W[I1S S02t23A0lf O02YY
NE FSNBy OS FigireBRshdivattyLake@ d A K2t Aa Ay ( RBSFWR202 o0l YRX
R S a O NJ& éc@agicall cammuhities have undergone or are at high risk of a regime shift to a
LISNBAAGSYGXZ RSANFYRSR ail GSdakewabholal HKA SISAIWER 2 F St
both TN and TR a ¥hand reflecting nutrient enrichment well above natural reference conditions,

which is consistent for a shalldreshwater wetland (ORC, 2004).

11.1.2Toxicants (Rivers)

TheNOF attributebands folNH,-N are shown irFigure32andshow excellenprotection levels against

toxicity risk All sites return- y  W! @thelbthayf e Contour Channel, Silver Stream, Taieri at
LEtryd2y FYR ¢FASNR G JHALOAREIAK2KA O NBHNEENY SO S yI
toxicity.

The NOF attribute band faitrate toxicity (measured as NNNYe shown irFigure32. Allsites return
Ly W!I . ThelRSHFMR202R S 4 ONJA 0 S & high dordsenétipr vialGe systém. Wnike be
effects even on sensitive spe€es

11.1.3Suspendedine sediment

Thesuspended fine sedimemgsults for the Taieri FMU astownin Figure32. Ten sites retura NOF

0 I Y R whi€h tHeNPSFM 2020escribes  &high#mpact of suspended sediment on instream bidta

five of which are mainstem Taieri sites; Taieri at Waipiata, Taieri at Tiroiti, Taieri at Sutton, Taieri at
Outram and Taieriat Allanten ! & GKS 20KSNJ SyR 2F (HS%$hepm@hlf ST y A\
tributary sites and includ&Vhare CreekWaipori, Sutton Stream, Silverstream, Nenthorn, Kyeburn,
Deepstream and 8 Q/ f 2 O It $hduNIBed n¥terl thaButton Stream, Taieri at Outram and the

Taieri at Tiroiti were monitored by NIWA jpart of the NRQWN, the results are not modelled.
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11.1.4Aquatic Life(Riverg

Macroinvertebrate Community Index (MCI) scores provide an integrated indicator of the general state

of water quality and aquatic ecosystem health at a $tigure32summarises MCI scores for the Taieri

Cal!® 'ttt aratdSa FFOKASGS | W/ Q oFyRZI NBUdNYyAyYy3I
macroinvertebrate community indicative of moderate organic pollution or nutrient enrichmEme.
ASPMinterim scores shown iffigure32 34 K2¢ GKI G Fff &aA0Sa F OKAS@GS |
Silverstream G K+ & 2001 AP&A INI &SYRF2MJ ! {taX KAOK GKS
Yhacroinvertebrate communities have severssltoss of ecological integrifyi®is likely that the

substrate in the Silverstream is largely to blame for poorer macroinvertebrate scores.

11.1.5Human health for recreatior{Rivers)

Figure31summarises compliance f&:. colagainst the four statistical tests of the N&Fcolattribute.

¢KS 20SNXff FOGGNROdziS adlGdS Aa o6laSR 2y (KS 62 NA

Compliance is generally good across the Taieri E¥ithe 22sites,12achE @S |y W! Q o6l YR i

band (Taieri maistem sites at Linnburn, Sutton and Waipiata), the othiées returred bacterial

water quality below the national bottom liné ¥ 2 dzNJ W5 Q 6 | y Ra. Lak¢ Waildlg &n | v
o2

w9
WIQ oFyR YAR dH B & yRKS$ RIS 2F 118 arids g

S
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11.2 Trend Analysis

Trend analysigsesultsfor the Taieri FMUs shown inFigure33 and Figure34

Waipori at Waipori Falls Reserve | ® [ ] (]

Taieri at Waipiata

Taieri at Tiroiti

Taieri at Sutton

Taieri at Stonehenge

Taieri at Outram

Taieri at Linnburn Runs Road

Taieri at Allanton Bridge

Sutton Stream at SH87

[ Exceptionally unlikely
I Extremely unlikely

Silverstream at Taieri Depot | ® L] L] Ver{ unlikely
Unlil eI?f
As likely as not
Kye Burn at SH85 Bridge | ® Likely
Very likely

Extremely likely
Virtually certain

Deep Stream at SH87

Taieri at Waipiata . L]

Taieri at Tiroiti

Taieri at Stonehenge

Taieri at Outram

Taieri at Linnburn Runs Road

Taieri at Allanton Bridge

Sutton Stream at SH87

Silverstream at Taieri Depot

WdsSvY

snioydsoyd aAnoeay pamossg‘ L] - L]

1102 "3
IOW

usBouN a1 nIN/BILNN -
21025 |[DNDS
uabouyN |ejoL
snioydsoyd |ejoL
Ayupiquny

Figure33 Summary off aieri FMUiver sites categorised according to the level of confidence that
their 10 and20-yearraw water quality trends indicate improveme@onfidence that the trend
indicates improvement is expressed using the categorical levelsfafesure defined iffable
2. Cells containing a black dot indicate site/variable combinations where the Sen Slope was
evaluated as zero (i.e., a trend rate that cannot be quantified given the precision of the
monitoring). White cells indicate site/variables where there were insufficient data to assess
the trend
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Il Exceptionally unlikely
I Extremely unlikely
Very unlikely
Unlikel
As Iiker as not
Likely
Very likely
Extremely likely
I Virtually certain

]
[ ]
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Lake Waihola at End of jetty | @ L] L

Lake Waihola at End of jetty -
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Figure34 Summary ofraieri FMUakesites categorised according to the level of confidence that their
10 and20-yearraw water quality trends indicate improvementonfidence that the trend
indicates improvement is expressed using the categorical levels of confidence défatdd in
2.. Cells containing a black dot indicate site/variat@enbinations where the Sen Slope was
evaluated as zero (i.e., a trend rate that cannot be quantified given the precision of the
monitoring). White cells indicate site/variables where there were insufficient data to assess
the trend

Trend analysis for th&aieri FMU rivers is shown kiigure33 and for Lake Waihola iRigure34. Most
sites have variables Wit SE OS LJi A 2 y 2 NX & S Hzf NB Yildraity deghtisittieet & Q
include

1 The Waipori River, TN@years)

The Taieri at Waipiata, DRE){years)

The Taieri at Tiroiti, DRB,colj TN {0-years), DRP, TRR@-years)
The Taieri at Stonehenge, DRB-years)

The Taieri at Outram, DRP.colj NNN, TN, TP, turbidity@years), DRP, TN, TP, turbidio{
years)

The Sutton Stream, DRE.colj TN (0-years), DRP, TN TEO){years)
The Taieri at Linnburfg.coli(20-years)

The Taieri at Allanton, DRP, NNN, TN and turbigiyyéars)
Sutton Stream, DRE,colj TN {0-yeas), DRP, TN, TE){yeals)
Silverstream at Taieri Depot, NNN, Pg-years).

Lake Waihola, DRE,colj TP, turbidity (18 years)

=A =4 =4 4

= =4 =4 4 -8 -4

{AGSa 6A0GK @I NS NEISOE Nahds hohded O

The Taieri at Waipiata, DRP, NNN, TP, titgb{@i0-yeais), NH-N (20-years)
Taieri at Sutton, DRP, NNN}{years)

Taieri at Stonehenge, DRP, turbidityH{years), NH:-N (20-years)

Taieri at Linnburn and Allanton, NH#20-years)

Sutton StreamNH;-N, NNN 10-years), NNNZ0-years)

Silverstream aT aieri and Deep Stream, turbidity/tyears)

Kye Burn, DRR@years)

Lake WaiholaNH:-N (20-years)

=A =4 =4 4 -4 -4 -8 -4
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11.3 Water quality summary Taieri FMU

The tables in this section summarise

1) river and lake sites where attribute@ghere the national bottom line is not mméNPSFM2020)
2) trends in river and lake sites when the trends are gfelt) G Ky Wf A1 St &8Q 2NJ Wdz
3) all trends using raw data for rivers and continuous data for lakes over the twep@meds

Figure35 Summary of river stateed cells show where state does not meet the nationabobotine
in one or more variableThere is no national bottom line for DRP, but DRP (median and Q95)
KIS 0SSy AyOftdzRRSR Ay (GKS (Fro6ftS ¢KSy araiasSa 0

NH:N - max
NH:N - median
ASPM
DRP median
DRR; Q95
E.coli
MCI
NNN- median
NNN¢ Q95
Periphyton
Periphyton (DRP
Periphyton (TN)
Suspended fine
sediment

Site Name
Taieri at Waipiata
Taieri at Tiroiti
Taieri at Sutton
Taieri at Puketoi
Taieri at Patearoa
Taieri at Outram
Taieri at Creamery
Taieri at Allanton Bridge
Silverstream at Taieri
Owhiro Stream
Meggat Burn
Contour Chanel
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Figure36{ dzY Y| NB 2 F N PGSN) arAiSa 6KSNB L']NB)/IVR’é ' NB 3INBI
Analyte | #Obs| Frequency| Period| AnnuaISenSIopd Confidence | Descriptor
Deep Stream at SH87
Turbidity | 35| ot | 10 | -0.05435 | Virtually certain | s

Kye Burn at SH85 Bridge
Dissolved Reactive P | 107 | Month 10| 0 | Virtually certain |
Silverstream at Taieri Depot
Nitrite/Nitrate N 101 | Month 10 | 0.023347 Exceptionally unlikely 4007
Nitrite/Nitrate N 106 | BiMonth 20 | 0.016066 Exceptionally unlikely annn
Total Nitrogen 101 | Month 10| 0.025188 Exceptionally unlikely 4007
Total Nitrogen 106 | BiMonth 20 | 0.013899 Exceptionally unlikely 4444
Turbidity 101 | Month 10 | -0.08362 Virtually certain b))
Sutton Stream at SH87
Ammoniacal N 116 | Month 10 | -0.00103 Virtually certain S
Dissolved Reactive P 116 | Month 10| 0 Exceptionally unlikely 043407
Dissolved Reactive P 236 | Month 201 0 Exceptionally unlikely 073407
E. coli 116 | Month 10| 5.941039 Exceptionally unlikely 4007
Nitrite/Nitrate N 116 | Month 10 | -0.00103 Virtually certain L)
Nitrite/Nitrate N 236 | Month 20 | -0.00023 Virtually certain b
Total Nitrogen 116 | Month 10| 0.007475 Exceptionally unlikely 4007
Total Nitrogen 234 | Month 20 | 0.00167 Exceptionally unlikely 4007
Total Phosphorus 235 | Month 20 | 0.000161 Extemely unlikely a4n0n
Taieri at Allanton Bridge
Ammoniacal N 113 | BiMonth 20| 0 Virtually certain Jl
Dissolved Reactive P 113 | BiMonth 20 | 0.00024 Exceptionally unlikely 4007
Nitrite/Nitrate N 113 | BiMonth 20 | 0.002008 Exceptionally unlikely A444d
Total Nitragen 113 | BiMonth 20 | 0.00453 Extremely unlikely N4
Turbidity 113 | BiMonth 20 | 0.134904 Exceptionally unlikely 073400
Taieri at Linnburn Runs Road
Ammoniacal N 102 | BiMonth 20| 0 Virtually certain J 1
E. coli 102 | BiMonth 20 | 0.980764 Extremely unlikely N34
Tderi at Outram
Dissolved Reactive P 119 | Month 10 | 0.000155 Exceptionally unlikely 4007
Dissolved Reactive P 239 | Month 20| 0 Exceptionally unlikely 043400
E. coli 119 | Month 10 | 2.165185 Exceptionally unlikely 4444
Nitrite/Nitrate N 119 | Month 10 | 0.001067 Excetionally unlikely 4007
Total Nitrogen 119 | Month 10 | 0.019004 Exceptionally unlikely 043400
Total Nitrogen 239 | Month 20 | 0.002825 Exceptionally unlikely N340
Total Phosphorus 119 | Month 10 | 0.001663 Exceptionally unlikely 4007
Total Phosphorus 238 | Month 20 | 0.000205 Extremely unlikely aAn0n
Turbidity 119 | Month 10 | 0.150039 Exceptionally unlikely 043400
Turbidity 238 | Month 20 | 0.051847 Exceptionally unlikely 4007
Taieri at Stonehenge
Ammoniacal N 118 | BiMonth 20| 0 Virtually certain L)
Dissolved Reactive P 114 | Month 10 | -5.5E05 Extremely likely L)
Dissolved Reactive P 118 | BiMonth 20| 0 Extremely unlikely 0434
Turbidity 102 | Month 10 | -0.05996 Virtually certain L)
Taieri at Sutton
Dissolved Reactive P 113 | Month 10 | -0.00042 Virtually certain S
Nitrite/Nitrate N 113 | Month 10 | -0.00225 Virtually certain S
Taieri at Tiroiti
Dissolved Reactive P 119 | Month 10 | 0.000185 Exceptionally unlikely N340
Dissolved Reactive P 239 | Month 20| 0 Exceptionally unlikely 4007
E. coli 119 | Month 10 | 3.858275 Exceptionally unlikg 043400
Total Nitrogen 119 | Month 10 | 0.013466 Exceptionally unlikely 043407
Total Nitrogen 239 | Month 20 | 0.006387 Exceptionally unlikely 4007
Taieri at Waipiata
Ammoniacal N 113 | BiMonth 20| 0 Virtually certain JJ
Dissolved Reactive P 114 | Month 10 | -0.0006 Virtually certain S
Dissolved Reactive P 113 | BiMonth 20 | 0.000249 Extremely unlikely 400
Nitrite/Nitrate N 114 | Month 10| -0.00133 Extremely likely L)
Total Phosphorus 114 | Month 10| -0.001 Extremely likely JJ
Turbidity 102 | Month 10 | -0.20041 Virtuallycertain JJ
Waipori at Waipori Falls Reserve
Total Nitrogen | 101 | Month 10 | 0.005418 | Exceptionally unlikelv| 043407
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Figure37Summanyt I { S aAiSa 6KSNB GNBYyRa 002y (Aydz2dza RIGF
Confidence isxpressed categorically based on the levels defindalite2

Trend AnnualSen Descriptor

Analyte #0bs | Frequency | Period Direction | Slope
Lake Waihola at End of jetty

Ammoniacal N 105 | BiMonth 18 Decreasing| 0 L
Dissolved Reac#wP | 105 | BiMonth 18 Increasing | O anan
E. coli 106 | BiMonth 18 Increasing | 1.000684932 ann
Total Phosphorus 104 | BiMonth 18 Increasing | 0.001271858 anan
Turbidity 104 | BiMonth 18 Increasing | 0.14570082 400

Figure38 Overall summary dfends for the Taieri FMU using raw data for rivers and continuous data
for lakes. Confidence is expressed categorically based on the levels defiablbih

=
;| 3 : 3. |8
> <3} > > Q 0
= c S = ) S > = | 582
Ss(g=>| > | 5 |2 S |~ 2lcg |g¢
= T + A ~ — = A = - = =
S8 | o= S 5 |28 5 |2 5/d5 |45
Descriptor b JJ J J by an Aana|l anan
Rivers- 10-yeartrend 10 3 9 17 12 13 2 15
Rivers- 20-yeartrend 4 1 4 4 18 2 6 12
Lakes; 10-yeartrend 2 3 1 3
Lakes; 18 year trend 3 2 2

In the Taieri FMU water quality is generajyodwiththemap NA & 2F aAdSa FyR FdaN
YR W., &sseertinfiguee3l. Theexception is for the DRP and TN (periphyton) attributes which
I OKASOSR YHAYEE W Q oFyRa®

Of the tributaries, the lower Taieri gih has some of the poorest water quality in the region. Three

streams are monitored in the plain, the Contour Channel, the Silverstream and the Owhiro Stream.

l'f 0K2dAK GKS | LIISNI {Af OSNBUNBIY KIFa 3I22Rdsgl G0SNJ |
the lower Silverstream has a poorer outcome. At this stage it has been straightened and has little
riparian vegetation (flood banks) it is also influenced to some extent by statar from Mosgiel
G26yaKALID ¢KS { Af @S NE AIRK E.X0lianSTh dabiisHytBn)AMASUGh tiel Y Ra T
{Af OSNREGNBLFY T OKAS@GSa +ty Wl Q oFyR F2NJ bbb FyR |
prevent cyanobacteria (phormidium) growth. Factors facilitating this are likely to be the lack of shade

and few fushing flows which have proven to be ideal conditions for phormidium as this species of
cyanobacteria tends to bloom most years.

The Contour dhy' y St | OKA S @ SEicoliand DR® (periphiytghR a¥F INJO IDRFR TNF 2 NJ
(periphyton) and suspendedn sediment The other stream that flows across the Taieri plain is the
Owhiro Stream, this is a very small stream with areas of intensive agriculture in its catchment, it
returns attribute bands below the national bottom line fDRPE.colj Periphyton TN and DRP) and
suspended fine sedimentDespite relatively good bacterial water quality throughout the reporting
region,E. colis the worst performing variable with five 82 sites failing to meet the national bottom

line, all of these sites are ingéHower Taieri.

Lake Waihola shows nutrient and phytoplankton concentrat®Sy SNJ f £ @ Ay thiskisS bh C .
typical of a productive lake with increased levels of nutrients and algae over those that would be
expected under natural or near naturebnditions. Lake Waihola has episodic algal blotypgal of

an eutrophic lake,

Trend analysis showsany degrading trends for the Taieri FMU. The Silverstream although returning
OFYyR Wl Qa T2NJ bbb Iy R 5NNN OftliendidstenRTaiciNitegoseytBe ( NSy R
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last 10-years, from the upper catchment to the lower catchmert,ii 2 Yy SKSy 3S | W@A NI dz
improving trend for turbidity, Waipiata has improving trends RP, NNN, TP amarbidity, Tiroiti

has degrading trends f@RPE.cdi and TN, and Outram has degrading trends acnosst attribute

states E.colj NN, TN, TP and turbidity).

In summary:

1
T

= =4 =4 =4

99

Risk to ammonia and nitrate toxicity is negligible across the Taieri FMU

The lower Taieri has high concentrationgofcoli Fivesitesin the lower Taieri failo meet

the national bottom line foE.colithe attribute. The rest of the sites monitored had excellent

oF OGSNRAIE O2YLX AlIyOST IOKASGAY3I Iy WIQ 2N W,
The Owhiro Stream in the lower Taieri catchment has the worst hampliance against
NOF attribute statesf any site across thTaieri RiveFMU,

¢tbh A& 2F Y2RSNIGS O2yOSydN)rGA2ya ONraa (KS
mn arisSa FrOKASOGSR | Ww.Q olyRz 2yte (GKS {Af @S
5wt 3JISYySNIffeée O2YLX ASa 6A0GK GKS bhC WIQ 2N V.
2 KSNBE YI ONRPAY@DSNISONI GS Y2yAdG2NRyYy 3 GF1Sa LI«
Lake Waihola returns attribute bands consistent with those expected of an eutrophic lake

Trend analysis shows many degradirends across the FMU, particularly in the lower Taieri

at Outram.

(
[
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Figure39 Location of water quality monitoring sites in tbenedin Coast FMU
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12.1 StateAnalysisResults

The results of grading the SoE siia the Dunedin Coast FMU according to the NPSFM NOF criteria
are summarisedh Figure40 andmapped inFigure41l. Many sites in the Dunedin Coast FMU did not
meet the sampe number requirementgshown inTablel) and accordinglare shown as white cells
with coloured circlesMost sites for some variables have white cells, this indicates thavénable

was not monitored.

A smallsquare in the upper left quadrant of the cells indicate the site grade for the baseline period
(20122017) where the sample numbers for that period met the minimum sample number
requirements

NOF Band Hl A BRI CHEEDNEE

Waitati at Mt Cargill Road
Tokomairiro at West Branch Bridge
Tokomairiro at Lisnatunny
Tokomairiro at Blackbridge

Lindsays Creek at North Road Bridge
Leith at Dundas Street Bridge

Kaikorai Stream at Brighton Road

o0
. | |
(NL) uoiydued "‘ ‘.. .

> o
uelpew - ajeniN | @ ...
‘56D - sjenN | @ ...

Akatore Creek at Akatore Creek Road | @ o o [
>33y MMMMmEzzaogo
3 3 v v 3 38 8 e T T 5 0
<] < == = = = 5 = @
SE 28435 :p g T334
Q
. 2 8% @3 8 ¢ 3 3 g
3 o © o & 9 3 G =
o) > N N Q : 3
3 =] Y ®
2 3 o

@
&
3
@
=

Figure40 Grading of the river sitesf the Dunedin Coast FMbased on the NOF criteri&rades for
sites that did not meet the sample number requiremenfBahlel are shown as white cells
with coloured circlesThe white cells indicate sites fohiwh the variable was not monitored.
Small square in the upper left quadrant of the cells indicate the site grade for the baseline
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Ammonia - max. Ammonia - median ASPM DRP - median

¥

()
(%] ° (€] ° @] )
DRP - Q95. E. coli - g260. E. coli - g540. E. coli - median
7
09 o Qe @0 o e o
E. coli - Q95. E. coli - Swim. MCI Nitrate - median

| g

() o © 0o o ® o O} O
3 3
Nitrate - Q95. Periphyton Periphyton (DRP) Periphyton (TN)
.
(0] & ° o .‘ ° e °
3 3 3

Suspended fine sedimen

@ A OB 06 C @ D @ E

Figure41 Maps showindunedin Coast FMsites coloured according to their state grading as
indicated by NOF attribute bands. Bands for sites that did not meet the sample number
requirements specified ifablel are shown without black outlines.
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12.1.1Periphyton and Nutrients

Results for the river periphytotmophic state results arahown inFigure40 (periphytor). Periphyton

trophic state results to datshowdd K & ! {F 62N8 / NBS{ Aa tA(1Ste G42 oS
as results tend to be between >120 agi00 chla/m? meaning moderate nutrient enrichment. The
YEAT2NIYA {GNBFY A& tA1Ste& 6S Ay FdGdNAcah® ol yR
reflecting high nutrient enrichment and the possibility of regular nuisance blooms.

To manage ta NPSFM periphyton attribute state (MfE, 2020) median concentrations of DRP and TN
align to attribute bands (i.e., periphyton DRP and periphyton TI¥igure 41). Ushg the 20%
exceedance criteria (michnge), the W median concentrations in the Dunedin Coast FMU are
generally in or greater thanthe T200mg-eklYH o6 F YR o6 W/ Q 2NJ W5Q0 @

The DRP median concentrations in the Dunedin Coast FMU are generally in the T206/mg bahd
2NJ ANBFGSNI 661 YR W/ Q 2N W5Q0 &

Figure41 alsoshowsDRP attribute states for ecosystem health (DRP median and Q8byesults in

the Dunedin Coast Rohe showthab a A 1 S& I OK A $WaSati ang Akdtorénedsitey R W. Q
band(Kaikoraiandthreea A 1 Sa | W/ Q o6FyR o[ SAGK G 5dafRl a { 4N
Blackbridg® TheNPSFM 2028 S 4 ONA 0 Sa Vo OFR2 WK @I f 402 YYdzy AliASa AY
DRP elevation above natural reference conditions. If other coditions alaer fawiwophication, DRP

enrichment may cause increased algal and plant growth, loss of sensitive-imeernzbrate and fish

GFEFE YR KAIK NIXiGSa 2F NBALANI GA2Y YR RSOI&Q

¢tKS [SAGK I OKAS@®Sa | ws5Q o6l yR
12.1.2Toxicants (Rivers)

NOF attribute bands fdNHs-N are shown inFigure41, it should be noted that the national bottom

fAyS Aa oS the Bunailih godst Rohbfedsitds Yiaveexcellent protection levels against

ammonia toxicity(Akatore Creek, Tokomairid Risnatunny and Tokomairiro at West Branch Bridge)

withall sitesNB G dzZNy Ay 3 'y W! Q o0 yR NHN BKie femhaininddes fthe 2 T LINJ
YFEAT2NIA { GNBI Y NSanhdeNdisiRum-whigh/is®elodv thg itiofia? bttor ihé&

The NPSFM describésk S W/ Wl oY AK & a0 Nla AYLI OGAy3a NBIdA |
species (reduced survival of most sensitive sp&@te®)S 2 G KSNJ 6 KNBES aAdiSa NBdz

NOF attribute bands for nitrate (measured as NNN) toxai#shownin Figure41, againthe national
02GG2Y tAYyS Aa Dusddid GoasiRofieR fW.aQd Slay 0K S@S |y Wl Q

12.1.3Suspendedine sediment(Rivers)

The clarity results for the Dunedin Coast Roheshmvn inFigure41l. Most of the sites return a NOF

oF YR 2F W!I Qmigifid idfact B Sugpend& Bedient on instream biota. Ecological

communities are similar to those obseniadhatural reference condgiy @NBESFM, 2020). The

Tokomairio aWest Branch Bridge Y R [ A Y R ANK& d2A\Y/ NB 8P CthgFokprRairi@ T W

at Blackbridgechieves aPCband,which the NPSFM describasW Y2 RSNJ S (2 KA3IK AYL
suspended sediment on instream biota. edisA S FA &K aALISOASA Yl & 06S f2af(

12.1.4Aquatic Life(Rivers)

Macroinvertebrate Community Index (MCI) scores provide an integrated indicator of the general state
if water quality and aquatic ecosystem health at a skgure40 sunmarisesMCI scores for sites
monitored for aquatic macroinvertebrates throughout the Dunedin Coast Rohe.

The MCI interim scores are somewhat comparable across sitedwatbf the four monitored sites
returning MCI scores at or below the natadrbottom line (MCI 90). The NPSFM describes this state as
WNBEFE SOGAYT | YI ONBAYODSNISONI GS O2YYdzyAidé& AYyRAOL
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Communities are largely composed of taxa insensitive to inorganic pollution/nutrient enyfichred
Akatore Creeland the Tokomairiro at West Branch Bridg¢éurned an MCI score above the national

02GG2Y tAYST OKAS@GAY3 | W Q 3ANIRSO
The ASPM interim scores shown Rigure40 generally reflect those of the MGcores however
YRalI&Qa /NBS1Z RSALAGS KWIAR yHENIRSV5ER NG NI {RSa >F 24\K

[ AYRA
R S & O NJa@dninunityavith¥nild to moderate loss of ecological integity

12.1.5Human health for recreatior{Rivers)

Figured0 summarisesompliance foE. colagainst the four statistical tests of the N@Fcolattribute.

¢KS 20SNXff FOGGNROdziS adlGdS Aa olaSR 2y (KS 62 NA
Compliance is generglpoor across the Dunedin Coast Rohe, with all sites other than the Waitati River
returning bacterial water quality below the national bottom line.

All sites have high background bacteria concentrations which may indicaie eplisource that is

affeding water quality even under low flow conditions, such as the presence of wateiofostbck,
the urban streams may recei¥ecolifrom urban infrastructure (drains)
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12.2 Trend Analysis

Trend analysisesultsfor the Dunedin Coast FMIdshown inFigure42

[ ]
ol

Very likely
8 Extremely likely

Tokomairiro at West Branch Bridge B Virtually certain

Leith at Dundas Street Bridge

Tokomairiro at West Branch Bridge
Lindsays Creek at North Road Bridge L
Leith at Dundas Street Bridge = E:frzﬂeoﬁaﬂxlmglllte\y
| Veri unlikely
Kaikorai Stream at Brighton Road gglhkeﬁt as not
‘ Likely

0z

Kaikorai Stream at Brighton Road

o

W

e
02 '3
|

ejo
Aypiqun]

ud [ejo

0
w

aboniN |ejoL

N |edeiu

snioydso

Figured2 Summary of Upper Clutha sites categorised according to the level of confidence that their
10 and20-yearraw water quality trends indicate improvemef@onfidence that therénd
indicates imprgementis expressed using the categorical levels of confidence defifiadblie
2. Cells containing a black dot indicate site/variable combinations where the Sen Slope was
evaluated as zero €., a trend rate that cannot be quantified given the precision of the
monitoring). White cellsdicate site/variables where there were insufficient data to assess
the trend

Trend analysis for the Dunedin Coast Rohe rivers is showigime42, over al0-year period the

YFEAL2NF A KI & yiyA WSEDS LAVIBING @ X eZD-yEardS WR 2 R2 Ny ¢ WSIEYI R

dzy t A1Ste8Q AYLNROGAY3I GNBYR FT2NJ bbb YR ¢bhbo

In the Leith, over a 28 S NJ LIS NA&A 2 REO SiLKISANSY FAtaf & ydzywSh 1 S

NNN and in the Tokomairiro at West Branch Bridge, ovdygearLJS NA 2 R 1 KS NB
y

(improving) trend for DRP, but over tR®yearLISNA 2 R G KSNB A& |
trend for NNN and TN.
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12.3 Water quality summary Dunedin Coast FMU

The tables in this section summarise

1) river and lake sites wheratributes do not meethe national bottom line (NPSFN020)

2) trends in river and lake sites when the trends are geedl y Wi A1 St &Q 2 NJ Wdzyt A

3) summary ofall trends using raw data for rivers and continuous data for lakes over the two
time-periods

Table24 Summary of river and lake state, red cells show where state does not meet the national
bottom line in one or more variable. There is no national bottom line for DRP, but DRP (median
FYR vgpp0 KIFI@S 0SSy AyOftdzZRSR Ay (GKS {(F6fS gKSYy

NH:N - max
NHiN - median
ASPM
DRP- median
DRR; Q95
E.coli
MCI
NNN- median
NNN¢ Q95
Periphyton
Periphyton (DRP
Periphyton (TN)
Suspended fine
sediment

Site Name
Tokomairiro at W Br Br
Tokomairiro at Lisnatunny
Tokomairio at Blackbridge
[ AYRaleR Q& [/ N
Leith at Dundas St
Kaikorai at Brighton Rd
Akatore Creek

7 A

Table25{ dzY Yl NBE 2F NAGSN) aAdGSa o6y20 Ft2¢6 | R2dzaliSRO ¢
Confidence is expressed categorically based on the le#lsdlanTable2

Analyte | #0bs| Frequency| Period | AnnualSenSlop{ Confidence | Descriptor
Kaikorai Stream at Brighton Road
Ammoniacal N 116 | BiMonth 20| 0 Extremely likely J
Nitrite/Nitrate N 116 | BiMonth 20 | 0.008079 Extremely unlikel 407
Total Nitrogen 116 | BiMonth 20 | 0.007256 Extremely unlikely ana
Total Phosphorus 56 | BiMonth 10 | 0.000904 Exceptionally unlikely aAnan
Leith at Dundas Street Bridge
Ammoniacal N 115 | BiMonth 20| 0 Virtually certain L
Dissolved Reactive P 114 | BiMonth 20 | 0.000377 Exceptionally unlikely Aann
Nitrite/Nitrate N 115 | BiMonth 20| 0.012718 Exceptionally unlikely Aann
Total Nitrogen 115 | BiMonth 20 | 0.006574 Extremely unlikely nnn
Turbidity 115 | BiMonth 20 | -0.04083 Extremely likely L
Tokomairiro at West Brar Bridge
Ammoniacal N 68 | Qtr 20 | -0.00038 Virtually certain Jl
Dissolved Reactive P 102 | Month 10 | -0.00038 Virtually certain Ll
Nitrite/Nitrate N 68 | Qtr 20 | 0.00677 Exceptionally unlikely Aann
Total Nitrogen 68 | Qtr 20| 0.011153 Exceptionally unlikely Aann
Turbidity 68 | Qtr 20 | 0.046185 Extremely unlikely nnn
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Table26 Overall smmaryof trends for the Dunedin Coast FMU using raw data for rivers and
continuous data for lakes. Confidence is expressed categorically badwesllexels defined in

Table2
>
> > 3 > g
> Q o > > > L > | = >
= c IS = ) D = €5 B85
SE (8> = > |2 2 | » 2 s | g8
ES 3 2 5] X 0w B = & c| 8E =
S8 | o= > 3 < 2 ) > S|dS |05
Descriptor JJ I ) J Jl an Aanal ana
Rivers- 10-yeartrend 1 4 7 9 8 3 1
Rivers- 20-yeartrend 2 2 1 2 2 2 2 4 4

In the Dunedin Coast FMU water quality generally has high bacteria and nutrient concentrations. The
YFEAT2NIA KFE& FY FYY2YAlL G2EAOAGE ol,yhRkong Jiteit/ Q LI |
Otago with this gradeE.coliwas below the bottom line iseven of the eighsites monitoredand TN

NB (i dzNJ S R four af theeiRhtsites @onioyed. The Kaikorai and Leith fail to meet the national

bottom line forMCl

These Duneid City sites having a high degree of urbanisation with associated hardstanding requiring
a stormwater network with point source discharges into the watercourses, these are likely to be
conduits for contaminants during both wet and dry weath&longside e poor state, trend analysis
shows that water quality in these urban streams continues to degr@der 20years, he Kaikorai,

Leith and Tokomairiro have deading trends for TN and NNN,addition the Kaikorai has a degrading
trend for TR(10-years), the Leith for DR20-years)and the Tokomairio for turbidit{20-years)

There were threed @A NI dzi finfpdvin@tEends, ltwb yfille Tokomairiro at West Brach Bridge,
and one in the Leith. Whedites have aero sen slopalongsidea reasonably higlevelof confidence

in trend directionthe rate of the trend (i.e., the Sen slope) is at a level that is below the detection
precision of the monitoring programmen the Dunedin Coast FMU, these sites incIM#&-N in the
Tokomairo at West Branch Brid(0-years) andNH:-N in the Leith {0-years).

In summary:

1 The Kaikaxi has ammonia toxicity below the national bottom line

f Nutrient concentrations are generally higour 2 ¥ SA3IKG aA0Sa | OKAS@S
nitrogen, the othersitesreturn a‘@band

Bacterial water quality is severely degraded at all monitoring sither than the Waitati River.

Trend analysis shows that in the Dunedin FMU tlveeee more improving trendsri the last

10-years than degrading trends

=a =
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Figure 43 Location of water quality monitoring sites in therth Otago FMU
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13.1 State Analysis Results

The results of grading the SoE sites in the North Dunedin FMU according to the NPSFM NOF criteria
are summarisedn Figure44 and mapped irFigure45. Many sites in the North Otago FMU did not

meet the sample number requiremen{shown inTablel) and accordinglgre shown as white cells

with coloured circlesMost sites for some variables have white cells, this indicates thavénable

was not monitored.

A small square in thapper left quadrant of the cells indicate the site grade for the baseline period
(2012-2017) where the sample numbers for that period met the minimum sample number
requirements.

NOF Band Il A BENCHEEDNEE

Welcome Creek at Steward Road ® © 0 O .
Waikouaiti at Confluence d/s o e " . ..
Waiareka Creek at Taipo Road .
Waianakarua at South Branch SH1 ® o 0 o e 6 6 6 0 o
Waianakarua at Browns ... .- .. ..

Upper Shag at SH85 Culvert e 6 6 0 O
Trotters Creek at Mathesons
Shag at Goodwood Pump
Shag at Craig Road

Pleasant at Patterson Road Ford
Oamaru Creek at SH1

Kauru at Ewings

Kakanui at McCones

Kakanui at Clifton Falls Bridge
Kakaho Creek at SH1
Awamoko at SH83

X D 5 o o o o O F F @

3 3 3 v vg 88 8 8 -3 8 5 5 5 v

o o <X = = = = = T T > T T 0

=] 3 o o C0 S S % 2
o © © @ @ o S o 0o

> F E8%93ig? zpfifd

3 3 = S o g 9 3 g o CRERE

£ 8 > ’ e A Z 0

X 2 3 2
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3

@
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Figure44 Grading of the river sites of tidorth Otago FMUased on the NOF criteri&rades for
sites that did not meet the sampteimber requirements ifablel are shown as white cells
with coloured circlesThe white cells indicate sites for which the variable was not monitored.
Small square in the upper left quadrant of the cells inditizdesite grade for the baseline
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Ammonia - max. Ammonia - median ASPM DRP - median

E. coli - g260.

%

E. coli - Swim.

L]
©)

Periphyton (DRP) Periphyton (TN)

i3

@ A OB 06 C @ D @ E

Figure45Maps showindNorth Otago FMUWites coloured according to their state grading as
indicated by NOF attribute bands. Bands for sites that did not meet the sample number
requirements speciféein Tablel are shown without black outlines
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13.1.1Periphyton and Nutrients

Results for the river periphyton trophic state results ahl®mwn inFigure44 (periphyton). Periphybn

trophic state results to datshow(i K & G KS b2NIK hidl 32 Ca) NBOdzNya Vv
Kakanui at McCones, Oamaru Creek, Shag at Craig Road and the WaiaSakdhuBrancthave
AYGSNARAY NBadzZ Ga 2F W5Q3 cefettapeletatedutriént énficdrgentt o 2 4
and the possibility of regular nuisance bloams

To manage the NPSFM periphyton attribute state (MfE, 2020) median concentrations of DRP and TN

align to attribute bands (i.e., periphyton DRP and periphyton TN¥igure 44). Ushg the 20%

exceedance criteria (michnge), the TN median concentrations in the Dunedin Coast FMU are
generally in or greater than the T200 mg-eklYH o6ty R o00FYyR W/ Q 2N W5Q
concentratios in the Dunedin Coast FMU are also generally in the T200 rafrehband (equivalent

G2 0 YR TWeseda/NIOWS RO W5Q | NBE GKS ! g1Y2122 YIF1lFK2 |/
Creek.

Figure44 also showdDRP attribute states for ecosystem health (DRP median and Q&5yesults in

the North Otago FMshow thatmost sitesachievesbandPQ ® C2dzNJ aAGSax ! gl Y21 2
Oamaru CregkWaiareka Creeland Welcome Creek OKA S@S | 0 thg'IRPSMR30QE ¢ KA O
R S a O NJeoobgicaldoramuHities impacted by substantial DRP elevation above natural reference
condition®

13.1.2Toxicants River9

NOF attribute bands faNHs-N are shown for the North Otago sités Figure44, it should be noted

GKIFIG GKS yFridAz2ylf o02GG2Y f Ay SFMU 20 siesShavgescellent y R W.
protection levels againsammonia toxicity with all sitetNBS G dzNy Ay 3 'y W! Qf 6l yR
protection) forNH-N. Theremaining siés,NB (i dzNJse®dR forthe &nnual maximum. The NPSFM
describedi KS W. @I &IV@2R Alk & & (i lodddsianally onlthle E¥bdt yeRsitive speci@s

NCF attribute bands for nitrate (measured as NNN) toxicity are gioehorth Otago sites ifrigure
44,1 A+ Ay GKS ylFidA2ylf o2G442Y tAyS Aa o0St2g6 o
band, other thanWelcome Creekvhichachievéd | W, .th@ NFSFN describés. Q 61 YR & b
havingla 2 YBURNBFFSOG 2y dzlJ G2 p> 2F aLISOASaQ

13.1.3Suspendedine sediment(Rivers)

The clarity results for thalorth Otago FMUre shownin Figure44. Ala A § S& NBGdzZNYy + bhC
g KA OK Rrinimal impact oMsuspende@diment on instream biota. Ecological communities are
AAYAT I NI G2 (GK2&S 20aSNIDINRSAMY2020): (G dzNF £ NBFSNBYyOS (

13.1.4Aquatic Life(Rivers)

Macroinvertebrate Community Index (MCI) scores provide an integrated indicator of the general
state of wder quality and aquatic ecosystem heatiha site Figure45 summarisedMCI scores for
sites monitored for aquatic macroinvertebrates throughout the North Otago FMU.

The MCI interim scores are low across all gitesT A @S aAdGSa | OKAS@GS I+ ol yR
yEGA2Yy L 0620§G2Y tAySIT NRSRMZDIZBRSAD NI addiojhieriebrat® Ws KA O F
community indicative of severe organic pollution or nutrient enrich@eht

The ASPNhterim scores sbwninFigure44dT F2dzNJ 2F (GKS aAiSa 200l Aya |
T2dzNJ 4A 0S4 KF@S a/L 3a02NBa o0S5t26 GKS yldA2ylt o2
AN RS F2NJa/Lx 2060GFAYya I W5Q ANIRS F2NJ ! {taod
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13.1.5Human health for recreation

Figure44 summarises compliance fdE. coliagainst the four statistical tests of the N@& coli
attribute. The overall attribute state is based on the worst grading with the natibattom line being
I Ww5Q ot yR

Compliance is in the North Otago FMU is mixed, wigit of 16sites returning bacterial water quality
below the national bottom line. TRAPSFM 202@escribe | Y R W&hE: BT GKS GAY
NAAa] A& xpy NMya mEd ntnK O BLINB R A .OGhi$ tRe thre@ Shég RiVer sitey” T
FOKASOSR Yy Wi Q o6l yR®

S
S
13.2 Trend Analysis

Trend analysisesultsfor the North Otago FMUk shown inFigure46

Figure46 Summary ofNorth Otago FMUites categorised according to the level of confidence that
their 10 and20-yearraw water quality trends indicate improveme@onfidence that the trend
indicates improvement is expressed using the categorical lefvetsfidence defined ihable
2. Cells containing a black dot indicate site/variable combinations where the Sen Slope was
evaluated as zero (i.e., a trend rate that cannot be quantified given the precision of the
monitoring). White cells indicate site/variables where there were insufficient data to assess
the trend
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