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Thriving Southlad is a communityed group that is working with the community to drive positive change in the
primary sector in Southland, by working with farmers and supporting catchment groups. Thriving Southland
commissioned this report to provide an understandingtaf background state of the environment relating to
freshwater quality, risks and pressures that catchments in the region are facing, the implications for farmers,
and gaps in information that need to be filled to assist farmers meet the future challenges.

Freshwater quality in Southland has been declining in developed parts of the region, and is under
threat from various sources, both urban and rufal2 dzii K 23cgfcRnikat groupprovide a local,
community response to water quality issugsecific totheir area.

In response the declining freshwater quality nationally, central government has reesmiyunced changes to
the National Policy Statement for Freshwater Management (NPSEMN\ational Environmental Standastbr
Freshwater (NES) and changes to the Resource Management Act.

Environment Southland, in partnership with Te Ao Marama Incsuisently working on aProgressive
Implementation Programmthat will result inanew proposed change to the current proposed Southland Water
and Land Plan that will establifteshwater objectives andetlimits to implement theNPSFMyy 31 December
2025

These changes will result imdditional controlsin Southland that will be focussed on reducing the loss of
contaminants (particularly nitrogen (N), phosphorus(P) microorganisms and sedimenffom land to
groundwater and surface watefhis means that in most parts of Southland there will be new rules that directly
or indirectly will set limits on the amounts of N and P that can be lost to water. There are also likely to be new
rules aimed at reducinipssesf sediment and microorganiss to water.

Catchment groups are in the ideal position to collectively work together on strategies that can be designed to
address specific catchment challenges. While the focus of general strategies outlinkd report ison
individual farms, catchme groups will be in the best position to tailor packages teatable adjoining
landownersto work together

Catchment groups need to be provided with tailored information and advice as soon as practicable to ensure
that as many people in the catchmentassible understand the nature ofir current water qualityssuesthe

changes that are coming, the scale of the likely changes that will be needed, and the measures that can be taken
individually and collectively to ensure that communities are movingatals the achievement of agreed
objectives.
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Thriving Southland is a communigd group with a vision to create a prosperous Southland, healthy people,
and ahealthy environment from the mountains to the sdastablished in 2019 hriving Southlands working
with the community todrive positive chage inthe primary sector in Southland, by working with farmers and
supporting catchment groups.

The purpose of this reports to provide anunderstandng ofthe background state of the environmerglating
to freshwater quality risks and pressures that catchments in tegion are facinghe implications for farmers,
and gaps ifnformation that need to be filled to assist farmers meet the future challenges

This report includsa review of the availabléterature and repors relevantto water quality in the Southland
region.

1 A stae of theenvironmentsummary coveringclimate geology and soil$ydrologyandhydrogeology
land use; and a summary of water quality issues in Southland

1 High level policy and platirection, including an overview of Tangata Whenua perspectives and values

1 Key catchment water quality issuaad what farmers can do to bothelp improve water qualitynow
and be prepared fofuture rules to improve water quality.

Onekey driver for thiswork is the recent andpendingregulatory change#nitiated by central and regional
governmentto improve water qualityOtherimportant water related issues such aster flows,fish passage,
and broader ecosystem health are beyond the scope of this regambther key driver is thelesire of
communities tomaintain existing high quality wateguality and to improve degraded water quality.

A wide range of literature was fourdliring the sear processKey publications areeferred to directly in the
text and otherpublicaions are summarised in the Bibliography.

The publishedwork undertaken byndividualsandorganisationsparticularly Environment Southland and Crown
Research InstituteBas providedkey information andnsightsthat hasenabkd us tosummarise it in a form that
should assist Southland farmersreetthe current and future land use and water quality challenges.

Freshwater is essential to NeXealanders in several ways, for example:

1 Water is a taonga for Kbri ¢ playing a unique role in the traditional economy and culture of Tangata
Whenua.

1 Health and domestic use Everyone needs clean water to drink, as well as to clean themselves, do
washirg and cooking, and to clean their homes.

1 Economia; Water is used across a variety of industries, such as manufacturing, industry, and farming.
For example, betweef017 and 2018, 58% of consented freshwater abstractions were for irrigation.
 FoodcManylLJS2 LJX S I GKSNJ F22R FNRBY b Stout/edlsandwfite@is ¢ I G S NA
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reliance on electricity generated by gas and coal, which in tamitsliour greenhouse gas emissions.
 Biodiversityc al y& 2F bS¢g ®%SItlIyRQa dzyAljdzS SO2aeaisSva
environments allow our unique plants and animals to thrive.
1 Recreationg Many people use water for swimming, boating, fishingj ather recreational activities.
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attention in recenttimes. The health obur rivers, lakesstreamsand aquiferds influenced by natural factors,
such as climate, soil and rock type. Howewsster quality is also affected by the collective actions of people,
via both direct discharges and runoff from the land.

In Southland there are three magontaminantsthat affect water quality:

1. Sediment whichaccumulates on the bottom of our rivers, lakes and estuaaesl is suspended in the
water column This has an adverse effect on aquatic life.

2. Nutrients, primarilyNitrogen (N) and Phosphorus (Ryhichbecome a problem when too much enters
waterways,resulting inexcess algae and aquatic plant growth.

3. Microorganismswhichpotentially causediseasen both peopleand animal&

There are other contaminantthat are discharged to water in Southland suchhesvy metals petroleum

compoundsand othe contaminantsn stormwater from urban areas, pesticide residuy@gianic contaminants
with a high biological oxygen demanetc. Howeverthe evidence strongly indicates that thmost pressing
water quality issues in Southlarade related to one or more of the three contaminants listed above.

Water in Southland is under pressure from multiple sources and the whole Southland community needs to be
able to respond and adapt to contie to be prosperous and maintain and improve freshwater quality. There
are key pressures and environmental settings that need to be understood to be prepared for change and
adaptation in the way the Southland population, including farmers, operate irfutuge. Catchment groups

play a vital role in locally relevant freshwater management in Southland.

{2dzi Kt I yYRQ&a Opraidei MGy cdomnililitR rézpdinse to water quality issues in their area. They
typically have atrong farmer membershipandare supported by businesses, rural professionals, farm sector
support groups, councils, and national and regional organisations.

Southland has 23 Catchment Groups forming a network covering 80% of the Southland (eegiloiging

national parks)and this network is expanding rapidfigurel). Each group is set up to improve water quality

in an area that is special to them. The group chaeo#eeir boundary, identifies their issues, and develops
solutions.{ 2 dzii K fatchmBrRgroudd were initially supported by the sector groups, then due to a community

/ cross sector focus were transitioned to being supported by Landcare Trust (as part of the Sustainable Farming
Fund). With funding now provided by tivinistry of Prinary IndustriesNIP[) Sustainable Land Use furttlese

groups are being support by Thriving Southland, along with other partners and stakeholders (such as Sector
groups and Environment Southland).

Each group is unique but they all work to:
®w L YLINEZ gudlitys I G SNJ
LRSSy (A FTandsblgtidns f A & a dzSa
wlk A &S dndetusdiofiSaa
t NEGARS || éndconfatnpdini @ @2 A0S
I St L) LIS2LI) S 3 SpolickeBdrégiations2 NJ OKI y3Sa Ay

1 Escherichia colE. colj is used as a microbiological indicator fogsh waterto indicate the presence of
pathogens (diseaseausing organisms) from animal or human faeces
2



The focus of the catchment groups and this report is on the catchrokrivers and streamdt is recognised
that somecatchment groups will have land that borders a lake, an estuary or lagdowever, thebackground
and implications will applacrossall catchments.

In addition to the 23 Catchment Groufisere are currently a range @artners and stakeholders involved with
the Waituna catchment through Whakamana te Waitéinghriving Southland is currenttpmmunicatingwith
the community to gauge their needs and the scope for working together.

2 https://www.waituna.org.nz/
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Figurel: Location of Southland's catchment groups




This section describes thmain influences of water quality across Southlaaddis focused on a higlevel
regionwide viewpoint Fora brief summary of monitoring results at a catchment group scale please refer to
Appendix A. (The data in Appendix A is limited to the data available on the3walvgite with state and trend
information. Additional information may be held by Eiordlam catchments that drain to the west are not
considered in this work.

The climate of Southland is strongly influenced by the topography, especially the Fiordland Mountains, and by
the strong westerly flow of maritime weather that it receives directly from the Southern Ocean. Overall, the
region is relatively wet with betwae8001200mm of annual rainfall across the plains and extreme rainfall of

up to 8000mm a year in Fiordlandt is important to appreciate that climateariesin parts of Southland For
example,relatively highrainfall close to Fiordland witkignificanty less average annual rainfall to the east.
Summerdroughts do occyrfor example during2012/13 andin some yearghere were significant reductions

in annualaveragerainfall, for example in 201 Southland receives less sunshine than the rest of Mealand

and temperaturesare generally lower with frequent frosts and snowfaNéagarg 2013).

Climate changés expected tdoring many challenges and the need for adaption across many parts of society.
NIWA (Zamntiet al.,2018)has undertaken climate change modelling for each region in New Zealand, including
Southland. Findings indicate thathanging temperatures and rainfgbatterns are likely to have significant
impacts on farming productivity in Southland. An increase in drought condisdikely in the centrahorthern

parts of the region. Increases in dry days are projected for much of the Waiau catchment anddaegsés in
Potential Evapotranspiration Defi¢RPED are expected in the northern Mataura catchment.

I NBlFa GKFd OdaNNByiGte NBfe 2y ANNARIFGA2Y RdAZNAYy3I RNER
Recharge patterns for aquifers will liggdhange with changing patterns in rainfall. Further, coastal aquifers may
be at risk of saltwater intrusion as sea levels rise, rendering them unsuitable for abstraction.

Increased rainfall is likely for much of the region during winter months. Thikavidl implications for managing
nutrients and waste, particularly on dairy farms. Increased rainfall events will also affect surface flooding, which
could affect production on vulnerable land.

Another key element to climate change is the global moveméptant and animal pests. Warmer temperatures
and fewer frosts in Southland could result in increased numbers and fertility of invasive weeds. Farmers in
Southland may have to change to growing plant species more commonly grown further north at present.

Rising temperatures and drier summers also put forested areas at risk of wildfires. As well as the affecting
corporate growers, the increased risk of wildfires may affect farmers with planted blocks who rely on the sale of
timber to supplement their income.

Further detailsegarding themodelledfuture climate of the Southland region aoitlined below.
Temperature changes

Temperatures willikelyincreasewithin a range of 0.8°Cby 2040 andy 0.73°C by2090. Thisisa broad range

3 LAWA = Land Air Water Aotearoayww.lawa.org.nzRegional councils cooperate by uploading surface water and
groundwater quality data onto this website. Common sampling, reporting and data analysis methods are used.
4NIWA Annual Climate Summary 2017
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and reflects therange ofuncertainty in themodelling It is expected that Autumn wille the season thasees
the most change.

Extreme temperatures will also see change it average number dfot days expected to increaséth time

(0-10 days by040and 555 days by 209D A heatwave is defined by NIWA as being a period of three or more
consecutive days, whereby the maximum daily temperature is higher th#d. 25outhland has three main sites
that currently experience the most heatwaves: Te iyRiversdale and Lumsden. Heatwaves in these areas are
predicted to increase from the current three days per year to about 25 days per year by the end of the century.
Therefore, the risk of drought is likely to increase in these areas as the centurggsegr

The number of frost dayis expected to decreada the regionby 05 daysby 2040 and byt0-20 days by 2090.
Rainfall patterns and drought

Predicted changes in rainfall pattes are expected tehow marked seasonality and variability across the region.
Annual rainfalfor the region as a wholes expected to increasgightlyby 2040at 0-5% while thdongerterm
outlook (2090)is for an increase of 20%with the largest increase in the northeipart of the region.Despite

the increase in annual nafall the number ofwet daysis expected todecreaseby up to 10 daysicross most of
the region and byt0-20 daysn the WaialwRiver catchmentt is important to appreciate that specific catchments
are likely to have specific responses to climate change that may be different than the regional averages.

Acrosdoth the 2040 and 209fredictionsthe number of heavy rain days50mm/day)are expected to increase
throughout Southlandapart from asmall part of the Eastern Waiau catchment.

Bry daysare defined as days witless than 1mm rainfall. Currently the northern Mataura catchment has the
highest number of dry days, with an annual average of22®days. The central part of Southland hasinnual
average o200-225 dry days per year, while the western Waiau catchmentdmannual average df75-200

dry days per year. Southern Fiordland has the fewest dry daysawiinnual average df00-150 per year.

Predictions for the future are mixe®ome parts of Southland will likely experience more dry days, while others
have fewer (e., are wetter). By 2040, up to ifewerdry days per year are expected for central parts of the
region, as well as parts of northern and western Fiordland. Up tmd dry days per year are expected for
much of the Fiordland and Waiau catchments, the southern Mataura and Oreti catchments, and Stewart Island.

By 2090 most of the region will experience @gecreasen dry dayspoutside of the Waiau catchment, eastern
Fiordland, and Stewart Islandihe largesincreasesare projected for the eastern Waiau catchment, where 10
20 more dry days per year are expected.

Meteorologicaldrought (assessed using Potential Evaporation Defigigxpected toincreasemostly inthe
centratnorthemn part of the regionacross all time periods and scenarioBotential Evaporation Deficit is
expected toincrease by 480mmper yearfor mostof the region by 2040 and by up to 100mmy 2090 under
the highest emissions scenario modelled.

Hydrological regime

Theclimate change scenarios were used to model potential effects on the hydrological regime in the region.
Overall spring flowsire expected to be slightly higher, summer flows are expected to slightly de¢cnehge
autumn andwinter flows are expected to increase.

Impact on low flows are expected to be variable acrossréggonwith flowsin Fiodland andthe WaiauRiver
catchmentexpected toincrease andor the rest of the region expected to decrease, apastiircoastakreas of
the nreti and Matura catchments.



Floods as characterised by thdean Annual Flood, are expecteditwrease in size across thdole region.

Southland has a varied amomplex geology and topographyheFiordlandmountainsdominate the western
third of the regionand are comprised of harbedrock that has beeseverely glaciated and formed into very
steepterrain. This areds largely in conservation land and covered with forest or alpine vegetatimother
geological feature of significance is the Southland Syncline that runs tirenTakitimuMountains across
Southland to thecoast at the CatlinsThisforms the Hokonui Hills that separate theo areas of plainpresent

in Southland. The SouthlandPlains extend from théVaiau River in the westceoss to theborder with Otago
region to the east of GoreNorth of the Hokonui Hills are the Waimea Plains tfiabk the midreaches of the
nreti and Matura RivergGrant 2020)
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types inSouthland that have different physical, chemical and biological components. Soil structure is integral

to its functioning, affecting water movement and storage, plant rooting depth and the availability of water and
nutrients, as well as the ability of $&d resist erosion. Soils also differ in how they take up, store and transport

the building blocks of life, including carbon, nitrogen and phosphdfasmore information on Southland soils

YR K2g (GKS& FdzyOGA2ys &SS OsyeoRtdNRBYyYSyd {2dziKflyRQ& LI

Other than the atchments thatdrain to thewest in Fiordland(these are not considered in this studyhe
Southland Region wrained by four major rivers: the Waiau Rivére nreti River, the Matura River, ad the
Aparima River. The firstthree havetheir headwatersin the high mountainous area (Fiordland,Thomson
Mountains and Eyre Mountainsh the northwest of the regionand the Aparimabegins in the Takitimu
Mountains Higher in thecatchmentswhere there is plentiful sediment supply the rivers form a braided
morphology but this quickly changet® a wide meandering morphology as they flow across the geshbiging
plainstowards the south coagMager& Horton, 2018) Along with thesemain rivers there are many thousands
of kilometresof natural streams and artificial drains that originate in the mountainsrothe plainsand feed
into the main rivers.

The morphology of streams and rivers has been changed dramaiitai#yts of lowland Southland. In order to
hasten water flow from the land to the coast, and bring more land into primary production, many streams and
rivers have undergone substantial channelisation and straightening wbdtsexample, much of the lower
Waihopai River has been straightened and flood banks built along its margins. Streams draining into the lower
Aparima River have also undergone straightening in order to manage flooding in the lower catchment.

Southland's largest rivestraightening pragct was the Makarewa Scheme. To protect flggdne land, the river
was straightened to hasten drainage. This was done by shuting its multitude of meanders across very flat
land. A hundred miles of river was channelled using dragline excavators dreti®65 and 1968. The river was
shortened by about 80.5 kilometres

The Waiau River has also undergone a significant change in terms of fleWaiau River used to be tHargest
river in the regionand second largest in théew Zealandwith a meanflow of 550m%/s (Mager & Horton, 2018)
but since thecommissioning of the Maapouri Pover Scheme ii K S mmipst of & fow is diverted through
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the power station to Doubtful Sound Now the mean flow is lower at 167 3%=m and consequentlythe
downstream river morphology has changed (Mager & Horton, 2018)

4.3.2 Artificial drainage

Before development for agriculture, much of lowland Southland was covered in wetlands. There are about
18,240knf? of agricultural land in Southland, of which about 13,87 katbout 76%) are located in areas that
were historically wetlands and now have some form of artificial drainage. Artificial drainage is essential to
lowering the water table, making area$ former wetland suitable for agricultur@earson, 2015)

Pearson (2015) looked at the extent of artificial subsurface drainage in Southland. She concluded that artificial
subsurface drainage systems cover about three quarters of agricultural lanouthl&d. In Southland, an
average of approximately 120 metres of tiles per hectare are required in-ti@lgystems to achieve adequate
drainage.

Areas of high to very high density drainage systems are found mostly in the Central SouthlandrBéairend
around the Waituna wetland. Artificial drainage networks are most active during wetter months when they
transport large volumes of soil water to nearby areas of surface water, such as ditches or streams.

4.3.3 Groundwater

Groundwater issub-surface water that sits in saturated soils and geological materials located below the water
table. Aquifers are areas of where groundwater exists in sufficient and accessible quantities to be abstracted for
human use. We have three main types of aquifer intland: unconfined, semgonfined and confined aquifers
Figure2).

unconfined aquifer semi-confined aquifer confined aquifer

Figure 2: Three main aquifer types in Southland: unconfined, sewoinfined and confined. Source:
Environment Southland

Unconfined aquiferare directly connecteda the land above. They tend to have a shallow water tablecaml
be highly connected to streams and riveténconfined aquifers can be divided into three main types:

1. Riparian aquifersLocatedunder therecent floodplains of major river systenEhese aquifer systems
exhibit a high degree of interaction with surface water (recharge and discharge), which can influence
the quality and quantity of both groundnd surface water. Riparian aquifers can be found along the
margins of all Southland's majdvers.
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Figure 3: Riparian aquifer showing connectivity to land (via deep drainage) and surface water. Source:
Environment Southland

2. Terrace aquiferst.ocated under elevated gravel terraces along the margins of river valtesusually
have little interaction with surface waterHowever, some terraces havarge springs where
groundwater resurfaces at the terrace edge. Some of these springs are significant in size and during
low flow periods can contribute a significant pation of stream baseflow in some areas.
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Figure4: Terraceaquifer showing relationship with riparian aquifer, connectivity to land (via deep drainage),
and surface water via springs. Source: Environment Southland

3. Lowland aquifers: Located in the remnants of older, highly weathered gravel beds. They are criss
crossed by numerous small streams.
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Figure5: Lowland aquifer showing relationship with riparian aquifer, connectivity to land (via deep degje),
and surface water via small streams. Source: Environment Southland

Confined aquifers are located at depth, often sitting below shallow unconfined aquifers. They are bounded
above and below by rock or other largely impermeable matertdsniconfined aquifers differ from confined
aquifers by having a top layer that is of low permeability. Water is able to flow very slowly between-a semi
confinad and an unconfined aquifer located above.

4.4 Land use

{ 2 dzii K pre-hiiRaR &egetation was comprised of forest, scrub, and wetland. The early Polynesian settlers
cleared areas of forest by burning and were replaced by tussock. Early European settlers cleared much of the
remaining forest from the plains and began tdificially drain wetter areas and plant exotic grasses (Newson,
2000; Grant, 2020).

The general land cover pattern for the region has been relatively stable for at least the last 25xH#asome

notable exceptiongTable ). For example, there haselen a 32% increase in exotic faremd artificial bare
surfaces increased 43Whe conservation area in the western third of the region has remained the same and the
broad land use class of exotic grassland has dominated the area of the Southland Plains for the same period as
illustrated in the table below (LAWA, 202@nce 1985 gricultural expansion into new areas has largely ceased

but change has still occurred with tlségnificantshift from sheep and beef farming to dairy farming (Ledgard,
2013).
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Tablel: Southland Region landcover class change betw&8086 and 2012 (LAWA, 2020)

Land cover Class Area Change
ha %

Indigenous forest -1,497 <1%
Exotic forest 24,003 32%
Indigenous scrub / shrubland -7,114 -4%
Exotic scrub / shrubland -2,755 -16%
Tussock grassland -7,630 -2%
Exotic grassland -5,716 -1%
Other herbaceous vegetation -705 -2%
CroppingHorticulture 345 5%
NaturalBare /Lightly-Vegetatedurfaces 486 <1%
Artificial bare surfaces 217 43%
Urban area 180 2%
Water bodies 185 <1%

5. Water quality in Southland ¢ K | hdpgening

5.1 Surfacewater quality

Surface water quality across the Southland Region is variable and influenced by many fabeguality of
water in the headwaters oéll the maincatchmentsis highly likely to be very goodue to the nature of the
surroundingmountainsor high-country landscape.As therivers progress down across the plains and pick up
moreinputs from smallstreams artificial drainageand groundwater recharge¢here is strong potential fowater
quality to deteriorate.

Thelimited scopeand scalef this report hagneant that we have not analysed all thetentially relevant water
quality variables. Weelected nicrobiological(microorganism)jnd nitrogen contaminationastwo of the key
variablesthat candefine water quality.Informationon nitrate-nitrogenandthe microbiological status of water
provideslimited but importantfundamental insights on the state tfat water.

Contamination bymicroorganism&an make water unsafe f@onsumption and contact recreatiokscherichia
coli (E. coljare common bactea found in the gut of warabloodedanimals including humarendare used as
anindicatorof faecalcontaminationof freshwater

Nitrogen (N) exists in nhumerous forms iwater and has multiple effectscludingencouraging plant/algae
growth andas ammonia or nitrate, if present in sufficiently high concentratjeas beharmful forhumans and
aquatic species.
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The pattern of changing water qality between mountains and sezan clearly be seen Figure6, whichshows

the E. coligradesunder theNPSFM 2020 National Objectives Framework (MOF)XzY SNR&A O | (i%foNRA 6 dzii S &
the monitored sites across Southlan&ources of this contamination are mainly associated withaffirirom

agricultural land ana@oncentrationsare usually higher followinganfall Faecal source tracking Moriarty et

al. (201%-d) across a wide range of sites found thihe predominant source ofaecal indicator bacteria was

ruminant animals(sheep andcattle) and wildfowl, with occasional human sourceften the proportion of

ruminant pollution will increase following rainfall compared to under baseflow conditithra are dominated

by wildfowl signature¢Moriarty et al., 201%-d). It is also important to appreciate that thiésk to human health

may difer between different faecadources.

Itis important to appreciate thainder the NPSFMnicrobiological water qualitfor human contacts expressed
asrisk levels rather thanssad A Y LJt S2 N ad yF23@bweveér, The data represented in Fig@rare generally
interpreted as indicating thabandsD and E indicate significantinfection risk

Nitrate-nitrogen concentrations in surface waters alestrated inFigure7 with total oxidisednitrogen data
ranked against the NFIEM2020NOFumeric attribute stategor nitrate-nitrogen. Totaloxidisednitrogen(TON)
has been used here as a proxy fitrate-nitrogen asTON is the sum of nitrate and nitrite. Nitrite is generally a
very small fraction of the TON concentration in rivesTON is taken to bapproximatelyequivalent to nitrate
nitrogenconcentratiors.

The predominant reference point used for TQiitrate-nitrogen) used in this report is the NPSRBROwater
quality guideline(@ KS bt { Ca { SnNdvekic/atrib@edstaté) Kol nitrate-nitrogen. This relates to
nitrate toxicity rather than nitrogen as a nutrient source for plant (periphyton, macrophytepytoplankton)
growth. Establishinguutrient concentrationgargets for surface watewill be animportant part of catchment
water quality managemendand we understand that Environment Southlaisdikely topropose such targets in
the forthcoming Southland Water and Land Plgiproposedplan changgSWLPPCHowever,currently there

are no national or regiaally specific nutrient concentration target§he draft NPSFNMnhcluded a dissolved
inorganic nitrogemational bottom line of 1.0 mg/for ecosystem health. This proposal was not included in the
final NPSFM

Therefore this report uses theurrent NPSFNMitrate-nitrogen (toxicity) water quality numeric attribute state
in the NPSFM2020 and specifically théNational Bottom Lingannual median 2.4 mi/L and annual 95
percentie 3.5 mg N/Lpasa primary nitrogen reference.

There is a risk thdty using thigeference pointconcentrationdn some catchmentmight indicate theabsence
of any nitrogen issuewnhile in reality the concentratiosa may well be high enough ta@ause significanplant

growthin the catchmentHowever, iisimportant to appreciatehat even incatchmens wherenitrate-nitrogen

concentations do not breach theitrate-nitrogen toxicity National Bottom Line, they are likely tostill have
significant nutrient related water quality issues such aeriphyton extent and estuary eutrophication

Conversely, if a catchmeritas nitrate-nitrogen concentrations that exceed thiational Bottom Line, we
consider that those catchments are likely to be identified asiarity for nitrogen loss reduction.

There are some catchment areas that are eitheit mepresented byexisting monitoring or are under

bt {Ca bhC I blrdAzylt t2tA08& {iGFaSYSyd brdr2yrft ho
(effectively national water quality standards) to be set via regional plari6.S NXB LJ2 NU dzaSa UKS 0
to refer to bah regional plan standards and NPSFM numeric attribute states.

7 &The trophic status of a lake or estuary refers to the primary productivity (amount of algae) produced in the
water and the amount of nutrients (P and N) in the water. Oligotrophic wateralydwave low primary
productivity (high water quality and few algae) and are nutrient poor, while eutrophic waters have high
primary productivity (low water quality and frequent algal blooms) due to excessive nutrients. Mesotrophic
waters lie somewhere ibetween the two states. Eutrophication is an increase in the nutrients available in a
waterbody which can subsequently increase primary productivity and degrade water quality, leading to a
reduction in mahinga kai habitat and survi¥al b Lh#tps:@niwa.co.nz/our
science/freshwater/tools/kaitiaki_tools/impacts/nutrients/eutrophication
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representedin the current network This has made it challenging to provide catchment group specific
information and conclusiondt is important to have good da and to maintain a longerm monitoring
programme to be able to bétunderstand water qualityssuesandto track changesver time.
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Figure6: Southland water quality monitoring sites graded according to tN€SFM 2020National Objectives
Frameworkcategory:E. colifor Human Contact (Appendix 2A, Table 9). Data from LAWA 2018 state data set
(LAWA, 2020)




Figure7: Souhland water quality monitoring sites graded according to ti¢PSFM 2020National Objectives
Frameworkcategory:Nitrate (Toxicity), River ecosystem healfAppendix 2A, Table 6). Data from LAWA 2018
state data set (LAWA, 2020




Groundwater quality varies significantly across the regard is affected by many variables. Many of the
unconfinedaquifersare relatively shallow and have high water tablése. groundvater can lieclose to the
surface particularly during weperiods. The unconfined nature means they are often recharged directly by
rainfall that filters through the overlying materials. This process can provide a conduit for contantnarttee
down into the aquifer where they can persist and be transpodewn gradient. Keycontaminantsof concern

for groundwater ae E. coliand nitrate-nitrogen. As there are no groundwatejuality objectives in the NPEM
2020 we have used the Drinking Water Standards New Ze#P®B)(DWSNZjor assessment in this rept.
Thesestandardsare referred to in Objective 8f the RegioAWide Obijective in th@roposed Southland Water
and Land PlaipSWLP#s therequired standard until such time amy freshwater objectiveare established
underthe Freshwater Management litrprocesses.

E. coliis present in many of thenonitored wells across theregion and oftendoes not meet the DWSNZ
thresholdsas shownn Figure8 below. This is dauman healththreshold designedraund therequirements for
providing safe drinking wateias many rural properties and communitiesay sourcetheir domestic water
supply fran groundwater.

Nitrate-nitrogenis present in concentrations thatronglyindicatenitrate leaching from pastoral land useat
but one of the30 monitoring boresincluded in this analys&s showrin Figure9. Of the remainder there are 6
that have been shown to exceed the DWSNZ threshold more than 25% of theTimee are clustered across
the Waimea Plains around the Balfour and Wendonside areHse trend analysis on LAWdicatesthat
approximately h# of the sites are showing a degrading trend in qualitycases where there ateng aquifer
residence times it coulthke significanttime to improvenitrate-nitrogen concemnations

This interpretation is based oreadily available data frona rangeof bores used in Southland to monitor
groundwater quality.There are somdimitations in the monitoring that mean our interpi&ions can only be
tentative. For exampleit is apparent from oubrief primarily desktopreview of thebore:type, depth, wellead
protection, and locationsthat the reasons foinitially establishing the bores varies considerably. Some bores
have been located close to known locations of effluent application to endeavour to assess potential local effects.
Some bores used histoslty have had inadequate wellhead protecti®ee AppendiB) and mayhave acted as
conduits for contaminated surface water to enter groundwat&ome of these bores arsot monitored
frequently enough to enabléull statistical analysed/ery few bores appear to have been established as-long
term (i.e., to be used for 50yearshores to monitor regional groundwater qualityhe ideal would béor long
term strategically located bores to be established on regional council owned lanch@rwah an access
easement that providefor groundwater quality monitoringpy the regional council

This data andocation-specificinvestigationsby Environment Southlanthto groundwater quality invarious
locationsstrongly indicate that nitrate conegrations in Southland groundwatere a significanissue both in
terms of groundwateusedas a source of drinking water and as a source of recharge water for rivers. However
the limitations outlined abovemake it challenging to draw definitive condlmiss about the state and trend of
regional groundwater quality in some parts of Southland.

8 LAWA = Land Air Water Aotearoayww.lawa.org.nzRegional councils cooperate by uploading surface water and
groundwater quality data onto this website. Common sampling, reporting and data analysis methods are used.
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Figure8: State ofE. coliin groundwater in Southland. (Sites whete. colihas been detected are not suitable
as a source of untreated drinking water.)




Figure9: State of NitrateNitrogen in groundwater in Southland showing median concentrations relative to
the DWSNZ maximum acceptable value of 11.3 mg/L




Wetlands are very importadandforms for the protection of biodiversity and their ability to provide ecosystem
servicegDare & Ewas 2018). Southland has the past hal extensive wetland systems whrioustypes but
since the arrival oEuropeansand due totheir tendency to want to drain land for agriculturapproximately
90% of the wetlands have been toswith so few wetland remaining it is not unreasonable to consider all
remainingwetlandsto be significantwith some being condered more important than otherdased on the
extent of the loss of each typ€larksoret al, 2011). However,it has been found thatvetlands in Southland
are still being lostlespitemany legislative and policy tools being in place to trprotect them(Dare & Ewas
2018) Dare & Ewasfound that wetland loss was highest in lowland aredsre approximately 1,165 ha was
lost between 2007 and 2014/16r a rate of around 1.5% lowland aresssshown irFigurelO. This is a surprising
and concerning statistic and possibly is indicative of the misunderstanding by some of both the importance of
wetlands and in fact what landforms and vegetatmonstitute being a wetland.

19



o, i
ST PR LR AN IR G




5.4 Estuaries

Estuaries are an extremely important part thfe overall landscape of Southland. They are the receiving

environment ofmuch of the material carried by the rivese are therefoeimpacted byactivitiesin the upstream
catchment. As such the health of the estuary canmdicator ofpotential upstream issuesEstuariesupport
aquatic and terrestrial ecosystems and there are five important componentsitbi together to do this: water

quality, water quantity habitat, aquaticlife, and ecological processeES, 2020)

As estuaries are the final receiving environmentgedimentand nutrientload from the NS 3 Ari2eysQhiey
are naturally productive environmentsEstuaries have developed owaiillenniato process the natural loads
coming off their catchmentHoweverwhen this load is changed through introduction of additiomafrients or

sediment,there can be significant adverse effectSome estuary systems are more sensitive than others to

these changes (ES, 2020).

Estuaries in Southland have been grouped atiog to their level of susceptibility, or risk of becoming
eutrophic. Some estuaries have a higher risk of eutrophication than others, depending on catchment load, level

of river inflow and volume, levels of nutrient accumulation, estuary size, shapéeptti, and tidal influence

(ES, 2020)

Increasesn sediment and nutrient loads to the estuarifsat are the result othanges in upstream langse
practices aresignificantdrivers of degradation of estuary healf@reen 2015). The influx of nutrients can lead
to proliferations ofphytoplankton and macroalgae (Green, 2018)ich can lead to poor trophic conditions

Shallow estuaries, arespecially IntermittentlClosed 0 Open Lakeand Lagoons (ICOLLSs), are most susceptible

to such changesFigurell below showsSouthlandamonitored estuaries all of whichare shallow and twaf

which (Lake Brunton an#iVaituna Lagook 2 I A L)mrdd&haldw ICOLLS

Waituna
Lagoon :
& Waikawa
Lake Brunton  Haldane Estuary
Estuary

-

L4

Southland’s monitored
estuaries

a
Freshwater Estuary

Figurell: { 2 dzli Kf  YRQAa Y2y AG2NBR Saddz NAS&a O0FNRY 9{=%

Table2 shows thatm the most recenaissessment of estuary healtly Environment Southlan@ES, 201%here
are threeestuariesthat are classed as having high overall eutrophic risk (Waiau baptVae Lake Brunton

HAHAOO

and Waituna Lagoan? | A LJnTIN@Na&l# River Estuamnd theJacobs River Estuaaye classed as at moderate



risk but are clearly eutrophiand the WaikawaEstuary is showing signs of stre€3nce an estuary system has
entered a eutrophic state it can be difficult to reversettidae to the complexity of the estuary system itself and
the likelihood of significantag timesbetween landuse management practcchanges andhanges irsediment
and nutrient concentrations in theontributing waters.

Theresults for thdlow eutrophication risk Toetoes Estyastrongly indicates that despitibe well flushed nature
of the estuary it is exhibiting signs of eutropaiionwith low sediment oxygen concentrations asijnificant
reductions in seagrass coverage.

Table2: Estuary health monitoring results a& 2018 (from ES (2019))
Nutrients in | Oxygenin  Macrophyte

sediment sediment cover
HighEutrophication risk

Seagrass GEZ

Estuary Soft Mud

Waiau LagoohTe
Wae

Lake Brunton
Waituna Lagooh

2 | A LJn NB NJ

N/A

Moderate Eutrophication Risk

New River Estuary
Jacobs River Estuary
Waikawa Estuary

Haldane Estuary Ng)ne ;
opserve

Freshwater Estuary

Low Eutrophication Risk
Waimatuku Estuary
Toetoes Estuary |
Key: Very Good
Good
Fair
Poor

* Gross Eutrophic Conditions (GEZ) occur wéstnaries have the combined effects of high mud content,
shallow RPD (<1cm) and high macroalgal growth (>50% cover)

5.5 Water quality and hodiversity

CNBaKgl SN KFa  ONRGAOFE NRES Ay LINRPGARAY3I F2N bSs
Changing land use, introduced invasive species, changes in waterway forms, and reduced flows collectively
increase pressure on freshwater bodies.tlrn, this affects freshwater fish, invertebrates, plants, and birds

reliant on functioning freshwater ecosystems.

The landscape of the Southland region has been significantly modified since the arrival of humans. The least
modified area is the mountas of Fiordland and other mountainous areas, though these have still been
impacted by introduced fauna and flora. The remainder of Southland including the plains and lower hill country
has been significantly changed from a variety of vegetation typesstngborted a wide range of fauna to what

is now almost a monoculture of exotic grassland. This will have had detrimental effects on the biodiversity of
the area and resulted in significant species loss over time. It is important that where there arantsnuf

natural fauna and flora that they be preserved and protected both to maintain the variety of species but also for
the ecosystem services values they hold.

One of the most impacted landform types is wetlands, which have been dramatically redueaént through
land drainage for agriculture. This is particularly significant due to the high level of ecosystem services provided
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by wetlands for processing of nutrients and sediment.

6. Managing freshwater quality in Southland

Environment Southland Isaobligations under the Local Government Act (LGA) (Local Government Act, 2002) to
provide for community needs now and into the futurds a regional council, Environment Southland is
responsible for managing the natural and physical resources of Southlaridding air, land, water and the
coast.

As discusseith the section@bove,Southland is characterised by its diverse geological landscapes, ¢lanitge

and hydrogeology¢t KSNBEF2NBZ GKSNB Olyy2i0 065 | W2abrqdaliyiit FAda
the region.In order tohelp manage freshwater quality across a diverse landscape, Environment Southland has
divided the region into:

Freshwater management units (FMUs)

Surface water management units

Groundwater management zones (GMZs)
1 Physographic zones

These are discussed in more detail below.

=A =4 =4

6.1 Freshwater management units (FMUS)

Freshwater management urst{FMUk) are used nationally to plan and manage freshwater. The Ministry for the
Environment describes a freshwater management unit as "the water body, multiple water bodies or any part of

a water body determined by the regional council as the appropriate spatiaé doalsetting freshwater
202S0GA@GSa FtyYyR fTAYAGA |yR F2N TNB sEkvirdniedtNSouthi@rdakzy ( A y 3
divided the Southland region into five FMUs: Fiordland and Islands, Waiau, Aparetisand Matura, shown

in Figure13. The Environment Court has recently issued an interim decisianthe pSWIP that strongly

indicates that the Waituna Lagocdn/l A LInwiBeéNhade a separate FMU.

Catchmenm groups are located within different FMUs. Each FMU has a different set of characteristics that
influence freshwater quality. Therefore, catchment groups in one FMU may face different challenges to groups
located in other FMUsSee Appendix A (sectidd) for more detail.

6.2 Surface watermanagementunits

¢KS LY{2[t NBFSNER (2 a&adzAsFeFigu@16)sick &S Miviangoj bed Bwisdg/hiard dzy A G a €
bed, mountainand hill and the pSWLP also includes surface water quality standards that are linked to the
specified surface water management unitheEnvironment Southlan&IS websitéhttps://maps.es.govt.nzy

alsorefers to 17 surface water management zones

6.3 Groundwater management zones (GMZs)

{2dziKf I yYRQ& dzy O2y TAY SR | lgduindwathiEmanidde@edt zanEsIGMBasaddA RS R A ¥
areas of similar hydrogeological characteristics (Sigirel4). Zones were delineated based on the presence
of unconfined(or semiconfined) aquifers hosted in Quaternary alluvium.

The management zones differ in terms of water recharge, water discharge, water availability, storage volumes,

9 https://www.environmentcourt.govt.nz/assets/Documents/Publications/260MZ Enve208-AratiatiaLivesock-Limitedv-
SouthlandRegionaiCouncil.pdf
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water quality, and surface connectivity. Combined, these factors affect how Envirdrideaithland manages
the use of groundwater resources. Note that separate management criteria apply to unconfined and confined
aquifers.

6.4 Physiographic zones

Environment Southland usa physiographic concept to assist in understanding how contamirmiils up and

move through different soil types, through areas of groundwater and into surface wateARa}isis approach
involves integrating information particularly on climate, geology, topography and soils to create specific
physiographic zones that have common features in terms of how contaminants move to water.

There are nine physiographic zones for thtand (Figurel5):

1 Alpine

1 Bedrockhill country

1 Central Plains

1 Gleyed

9 Lignitemarine terraces
1 Old Mataura

1 Oxidising

1 Peat wetlands

1 Riverine

Contaminants irsomezones may not be such a problem in others. Understanding the key transport pathways
for contaminants helps to understand these differences between zoRes.fourmain transport pathwaysre
overland flow, artificial drainage, deep drainage, and lateral drainigéural bypass flow also occurs in areas
where water can drain vertically through the soil profile via cracks and fissures. Transport pathisays
influence contaminant attenuation processes i.e., processes that can reduce the amount of contaminants that
eventually enter groundwater and/or surface water.

Figure 122 Example of contaminant pathways and attenuation for the Peat Physiographic Zone. Source:
Environment Southland

10 hitps://www.es.govt.nz/community/farming/physiographics/introductieto-physiographics
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Figurel3: The five freshwater management units (FMUs) in Southland ablavember2020

25



7

o o Fones 1 avebore on tho Emromment
SOURIRRE | crounwater zon oo gk
Groundwater Zones = Management Zones Wi avery ofiort Ras besn mise 1o esuure 1he oetent
BEGIONAL FOUNCTIL mmd'x IGM“N'* v i . iy o4
Te Taiae Torga ressed N any manner wihout Lorsultation.

Figurel4: Environment Southland Groundwater Management Zones froine proposed Southland Water ar
Land Plan

26



Alpine
Il Bedrock/Hill Country

Physiographic Units

Il central Plains

Gleyed

w
g
2
Q
£ g
=2
mm
g 3
[
23

60 Kilometers

£
s
:
&

23 o
i
]|

T NB

f2ySa

{2dziKf | YRQ&A eLaK20%6A 2 ANI LKA O

FigurelsY 9y @ANR Y Y Sy i

27



et VO ) s MY R mu

e R nmmmm_

i _m_w“
T

Map index

Map Series 1
Water Quality

BERIEANL ERANEN
T Twen lenge

3

Figurel6 Surface water management units specified in the pSWLP

28



For both nationagovernment, andocalauthorities, there are several tootsailableto managdreshwater use
In Southland Environment Southland has thimary responsibility formanaging activities that maynpact
freshwater, through giving effect to both national and regioplanning awl regulatory tools.

The following section outlines the various tools used by central government to manage freshwater resources.
These includéegislative tools such as the Resource Management Act 1991 (Risit#ignal Policy Statement for
Freshwater Management 2020; National Environmental Standards for Freshwater 2020; additional regulations;
and other relevant statutory requirements.

At a national levelland use and water quality amimarilymanagedhrough theRMA

The RMA prevents any person using lamd way thatontravenesa national environmental standard, a regional
rule or a district rule unless the land use @lowed by a resource consent or an existing use righply put
anyland u® is permitted, unless controls anecluded in a planning documeronversely, dischargand the
abstraction/use of watemust be specifically authorised by a regionalle, resource consenbr National
Environmental Standard/regulation.

The use of lanis regulated byocal government, includinigoth territorial authorities(city and district councils)

and regional councilsTerritorial authorities and regional coundilave different rolesand responsibilities, and

different policy and planning document§ 2 dzii Kt I Y RQa GSNNRARG2NRFf F dziK2NRGASaA
District Council, and the Southland District Council. They are responsible for the control of land use generally.

The Southland Regional Council (Environment SouthlantBsigonsiblefor the control of landrelating to soil

conservation, freshwater management, natural hazards, hazardous substances, the coastal marine area, and
indigenous biodiversity

In additionto the RMAthere are othedaws that have direct or indirect implications for land use and/or water

quality management. These include thilazardous Substances and New Organisms Act, 1898th Act and

theb3dnA ¢ Kdz / f | A Y& Thel&tér is paitivuyy importéniibecawseniyimplements settlement

provisions recognising K S LJ- NI A Odzf I NJ Odzf G dzNJ £ = ALIANRGdzZ £ = KAAG2NR
particular sitesThese provisions include the identification of taongd$OA S& | yR GKS SadGl of Aal
(authority over an area)statutory acknowledgements and nohoan@asonal occupatiorgites,to improve

GKS STFSOGAOBSYyS&aa 2F baIniA ¢ KdRestdrcNMahagdnieht Ack grotesses’ NB & 2
such asplan development and resource consent processing rhase regard to statutory acknowledgments.

See section 8 for an overview of Tangata Whenua perspectives and the Resource Management Act framework.

Under the RMAthere is a hierarchy giolicystatemens and planshat collectivelyd SS{1 G2 | OKAS@S (K
goal ofsustainablenanagement.

1 National Policy Statements state objectives and policies fanatters of national significance relevant
to achieving sustainable managemenduch asfreshwater managementrenewable electricity
generation,andurban development

1 Water conservation orderg recognise and sustain outstanding amenity or intringitues of water in
its natural state.

1 National Environmental Standards regulations thatprovide technical standards, methods or other
requirements for environmental matter§heyinclude standards faair quality, drinking waterandsoil
contaminants.
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1 National Planning Standardsset requirements relating to the structure, format or content of regional
policy statements and plan¥hese tandardsmust give effect to national policy statements and be
consistent with national environmental standards.
1 Regional policy statementg must give effect tonational policy statements andmpower regional
councils to provide broad direction and a framework for resource management within their regions.
They must not be inconsistent with water conservation ordd@fkey must take into account any
relevant planning document recognised by an iwi auth@bity L y  { 2 dzii FefTangl RTaiirkThed A a a
/' NE 2F (GKS tS2L)XS b3InA ¢l Kdz {A adzZNAKA{dz bl ddzNF £
2008
1 Regional plans; must give effectto national policy statements anekgional policy statementand
must not be inconsistent with Water Conservation Ordér& S& Ydzad | f & 2 TdiTarigiS A y ( 2
aTaura¢ KS / NBE 2F GKS t S2L) S¢
9 District plans¢ must not be inconsistent withregionalplans and must give effect to national policy
statements andegional policy statements: KS& Ydzad Ffaz2 GF1S Ayde | 002 dzy
/I NB 2F GKS tS2L)X S¢o

The National Policy Statement for Freshwater Management 20@0PSFMEame into forceon 3 September
2020 The NPSFM provides local government with updated direction on how they should manage freshwater
under the RMA.

This NPBM managedreshwater through dramework thatconsidersand recognises Te Mana o te \Wais an
integral part of freshwater managementhe meaning ofe Mana o te Wais different for each community,
being based on their unigueslationship with freshwater in their area or roh&e Mana o té/Vai directs the
content that regional councilmust include in their regional plans, in consultation with their communities.
turn, regional planglirect whatactivities require a resource consemind seta keyframework for considering
resource consent applicationsee section 7.2.1)

Te Mana o te Wai is an important concept for how water is managed and utilised in New Zealand. It is now the
fundamental concept driving the NPSFM 2020 andncils must give regard to this when settinglipp for
freshwater management. Te Mana o te Wai recognises the fundamental importance of water in that protecting
the health of freshwater protects the health and wbking of the wider environment. It is an approach that
protects the Mauri (lifeforce) of the water. Te Mana o te Wai is about restoring and preserving the balance
between the water, the wider environment, and the community (MfE, 2020). The framework for implementing
Te Mana o te Wai ithe NPSFM 2020 is reproduced here:

¢S al ylI iecompdsseg @ principles relating to the roles of tangata whenua and other New
Zealanders in the management of freshwater, and these principles inform this National Policy Statement
and its implementation.

The 6 principles are:

(a) Mana whakahaere: thegwer, authority, and obligations of tangata whenua to make decisions

UTe Tangia Tauirat KS / NBE 2F GKS tS21LJ Sd bIaAnA ¢k Kdz 1A adzZNAKAT]
Management Plan 2008

2Te Mana o te Wai was introduced to the Freshwater NPS in Z@&l¥lana o te Wai is a concept for fresh

water that encompasses several different aspects of the integrated and holistic health anteirdj of a

water body. When Te Mana o te Wai is given effect, the water body will sustain the full range of

environmenal, social, cultural and economic values held by iwi and the community. The concept is expressed

in te reo Maori, but applies to freshwater management for and on behalf of the whole community. (source:

Ministry for the Environment)
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that maintain, protect, and sustain the health and weding of, and their relationship with,
freshwater

(b) Kaitiakitanga: the obligation of tangata whenua to preserve, restore, enhancesustainably use
freshwater for the benefit of present and future generations

(c) Manaakitanga: the process by which tangata whenua show respect, generosity, and care for
freshwater and for others

(d) Governance: the responsibility of those with autigdor making decisions about freshwater to do
so in a way that prioritises the health and wedling of freshwater now and into the future

(e) Stewardship: the obligation of all New Zealanders to manage freshwater in a way that ensures it
sustains presat and future generations

(f) Care and respect: the responsibility of all New Zealanders to care for freshwater in providing for the
health of the nation.

There is a hierarchy of obligations in Te Mana o te Wai that prioritises:
(a) first, the healtrand weltbeing of water bodies and freshwater ecosystems
(b) second, the health needs of people (such as drinking water)

(c) third, the ability of people and communities to provide for their social, economic, and cultural well
being, now and in the futurex

Thee are severahew significantrequirements under the&NPSFM2020 The key changesclude:

9 alylr3aAy3a FTNBAKgFIGSNIAY | gle.iKFIG wargSaqQ STFSOI
1 Improving degraded water bodies, and maintamg or improving all others using bottom lines defined
in the NPSEM.

1 An expanded national objectives framework, including
0 Threatened species, mahinga kai, ecosystem health, and human kBeattthmpulsory values,
which council mustlevelop plan objectives describing the environmental outcome sought for
each value
o Attributesfor ecosystem health (e.g. sediment, macroinvertebratissolved oxygen), which
councilshave to develop action plansnd/or set limits on resource use to achieve these
attributes.
o Toughemational bottomlines forammonia and nitrate toxicity attributes to protect 95% of
speciedrom toxic effects
0 A requirement to managedissolved inorganic nitrogeand dissolved reactive phosphoras
they relate to periphyton (algae/bacteria) and other ecosystem headttributes, and to
provide for the health of downstream ecosystems.
1 Avoid any further loss or degradation of wetlands and streams, map existing wetdaddsncourage
their restoration
1 Identify and work towards target outcomes for fish abundance, diversity and passage
Set an aquatic life objective for fish and addresstieam barriergo fish passage over time
1 Monitor andreport annually on freshwate publishing a reporevery 5 years containing ecosystem
health scores and respond to any deterioration.

==

The change to the national bottom line for nitrate nitrogen in the NPSFM will have significant implications for
the management of nitrogen loss frolendin some catchmentsarticularly ina catchmentlike the Waimatuku
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Streant® where the five year median nitrate nitrogen concentration of 3.4 g Nanthe end of 2019js
significantly higher than the NPSFM natiobattom line of a annual median of 2.4 ij/mq.

Other potential changes to river flow regimes, fish passage brahder ecosystem health will need to be
considered alongside initiatives to maintain and enhameager quality.This report does not address those wider
water management issues.

National Environmental Standards are regulations issued under the, Rk&&cribing technical standards,
methods, orother requirements for environmental mattersvhich must be enforced bthe relevant local
authority. The National Environmental Standards for Freshwater 202ESFMyere released at the same time
as the NPSFM 2020This NESFM regulatethe activities that pose risks to the health of freshwater and
freshwater ecosystemd.hese standardare designed to

=A =4 =4 4 -4 A -4

Protect existing inland and coastal wetlands

Protecturban and rural streams from filling.

Ensure connectivity of fish habitat (fish e)

St minimum requirements for feedlots and other stockholding areas (to take effect in winter of.2021)
Improve poor practice intensive winter grazing of forage crops (to take effect in winter 0f.2021)
Restrict further agriculturaintensification until the end of 2024

Limit the discharge of synthetic nitrogen fertiliser to lattdno more than 190kg per hectaper year

and require reporting of fertiliser use (to take effect in winter of 2021).

Two additional rgulations were releasedt the same time as th&lIPSFM an®NESFM. Firstly, thResource
Management (Stock Exclusion) Regulations 20&€re releasedTheseregulationsapply toanyone who owns
or controls cattle, deeror pigs(stock). Under theseegulations

f
f
f

Stock must bexcludal from specified wetlands, lakeand rivers more than one metre wide

Dairy and dairy support cattle, and pigsist be excludedrom water bodies

Beef cattle and deer must be excluded from water izsavhatever the terrailt ¥ G KS& QNB o0 NB | |
grazing annual forage crops, or irrigated past@eherwise, these Regulations apply to beef cattle and
deer only on mapped low slope land

Stock must be excluded from the beds of lakes, rivers, and madlaand must not be on land closer

than three metresto the bed of rivers and lakesHowever, stoclR2 Say Qi ¢@SIKIBd frine 6 S
land within three metres of the bed if there is a permanent featreadyin place

Stock(except deey have tocross a river or lake by using a dedicated bridge or culvert, unless they cross
no more than twice in any monthThere are spedif circumstances when cattle and pigs can cross
without a dedicated culvert or bridge.

Secondlythe Resource Management (Measurement and Reporting of Water Takes) Regulagiohewere
amended.Consent holders taking between 5 antbre than 20 litres ofvater a second ar@ow required to
measure their water use every 15 minutes, store their records, and electronically submit their records to their
council every dayThese Regulations are applied in a staged approagplying to consent holders witarger

water takes first

13 We have not assessaill rivers and lakes in Southland against all of the NPSFM provisions. However, in
addition to the Waimatuku Stream, the Waihopai River at the Queens Drive monitoring site had a five year
nitrate nitrogen median of 2.2 g Nffat the end of 2019, just belo the NPSFM national bottom liref an

annual median of 2.4 g Nfin
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1 Takes oR20Ls or more must complwithin two years(by 2 September 2022)
1 Takes of more than 10 and less than 20L/s must comply within four geags September 2024)
1 Takes between 5 and 10L/s must comply within six ydar2September 2026)

Other than the NESFMhé¢re are severabther National Environmental Standards that are of relevance for
farmers. Relevant National Environmental Standards include:

1  National Environmental Standard for Sources of Human Drinking Wat&this aimgo reduce the risk
of human drinking water sources becoming contaminated, requiring regional councils to ensutieethat
effects of activities on drinking water sources are sidered in decisions on resource consents and in
regional plans.

1  National Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human
Health ¢ This provide planning controls and soil contaminant valugsensure that land affected by
contaminants in soiis appropriately identified and assessed befbeingdeveloped, andf necessary
remediatesoil or contain thecontaminants.

1 National Environmental Standards for Plantation ForestgyThis aims tomaintain or improve the
environmental outcomes associated with plantation forestry activities and to increase the certainty and
efficiency in the management of those activities. 3&eegulations permit core forestry activities
including afforetation, earthworks and harvesting provided there are no significant adverse
environmental effects.

The New Zealand Coastal Policy Statemegstimportant. This document sets objectives and policies to achieve

to promote the sustainable management of the nedl and physical resources of the coastal environme&his

document provides Environment Southland with direction howD G A @A GA Sa &K2dzZ R 06S YI yI :
range of estuaries, and coastal lagoons and wetlands.

Water Conservation Orderare alsoimportant. Under Part 9 of the RMAwater conservation ordersan be
created to recognise and protect outstandimglues that a water body providdsuch asmportant fisheries,
scientific and ecological values, orecreational, historical spiritual or cultural valugs Regional policy
statements regional plans and district plansustnot be inconsistent wittany order and ary resource consents
granted must not be contrary to an order. In Southland, thenreti Riverand the Matnura River havewater
conservation orders

In SouthlandEnvironment Southlanfthe Southland Regional Coundd)the relevantegulatorybodythat must

give effect to national policy statements, national environmental standardd national planning standagin

their own regional plans and regional policy statemenfritorial authoritiesmust ensure that their district
plans are not inconsistentith the national and regional policy and planning documents

Theproposed Southland Water and Land PIgpSWLPYis9 y @A N2 v Y Sy (i prifhady tizdl fof watgrR Q &
guality managementThis plarwas publicly notified in 2016 ardatingstogether and updatethe Regional Water
Plan for Southlan@010, the Regional Effluent Land Application Pan 1888 the Transitional Regional Plan

¥ The pSWLP is currently (late 2020) under appeal and the Environment Court has released a series of decisions
that is expected to continue in early 2021. Updates on the status of the pSWLP can be found on Environment
{ 2dzi Kt I yRQAa hitpg:Bvivd. dsig@thz/aboutus/plansand-strategies/regionaplans/proposed
southlandwater-and-land-plan The first four interim decisions have fosesl on objectives. Subsequent
decisions will address policies, rules and other aspects of the plan.
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1991 (most of which has already been superseded)
Significant changes from previous plans included:

The introduction of Te Mana o te Wai.

An updated set obbjectives

New objectives and policies setting out the freshwater management unit process to come.

New controls for activities known to have a significant effect on water quality, such as land use
intensification, wintering, cultivation and stock accéssvaterways.

=A =4 =4 =4

In summary, thegSWLRprovides direction and guidance for the sustainable use, development and protection
of water and land resources in Southland, seeking to address activities that are known to have adverse effects
on water quality, such dand use intensification, urban discharge, wintering, and stock access to water.

TheRegional Water Plawascreated to promotethei dzA G F Ay 6t S YI yI 3SYSyd 2F { 2dzi ¢

water resources, as well as enalglithesustainablaise and development of wate®ncefinalised, the proposed
Southland and Water Land Plan will repldoe Regional Water Plan.

This plarwas developed to focus on water quality and quantity, groundwater, river and lake beds, and wetlands.
Thisplan sets the framework for the use, development, and protection of the surface water and groundwater
resources, and sets out the information requdrto deal with relevant matters raised.

The Southland Regional Policy Statemguaitdes resource management policy and practice in Southlahig.
document provides a framework for Environment Southlated base decisionon the management of

{ 2 dzii K hdtuyaRafddBphysical resources, gives an overview of the significant resource management issues
facingin the region including issues of sigiwnce toTangata Whenuaand includes objectives, policies and
methods to resolve any identified issu&y @A NB y Y Sy (regloraldaiarkniubt give @ffect to this policy
statement.

TheRegionaCoastal PlaR S& ONA 6 Sa& { 2dzi Kf I yRQa O2 a0 f Tigdplardssts

Yy R
outhow9 Y GANRYYSYy (i {2dzikKflyR gAff OFNNER 2dzi AG& NB&2dN

coastal area.

This plan includes some specific policies and rulesdbpaty to the discharge of effluenOnce finalised, the
proposed Southland and Water Land Plan will replace the Regional Effluent Land Application Plan.

A
Ne

Thispty 61 a RSOSt2LISR 0R0dANAL XRIKEA A BIINA KAH Kz 1 A a dzNK |

perspectives omatural resource and environmeritmanagementssues The purpose of the Plan is to:

1 Describeti KS @It dz§8a dzy RSNLAYYyAy3I G(GKS NBElIGA2YyEaKAL 0686

environment
1 Identify the primary issues associated with natural resource and environmengagement in the

15 Murihiku refers to a large part of the lower South Island and includes the Southland region.
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GF1A6nT FTNRBY (GKS LISNELISOGAGS 2F bInA ¢l Kdz { A adzNRAK
f Articulateb3InA ¢l Kdz 1A adz2NAKAldz LRftAOASE FyR YIyl3aSys$s
SYG@ANRYYSyidlt YIFyF3aSYSyids énKA Gl Lz FyR énKA (F 2y 3

In addition, this Plan providestool to:

 EnablebdnA ¢FKdz {A adz2NAKAldz 62 STFFSOGAOBStE |yR LINRBI Of
YI GdzNI £ NBaz2dzNOSasx gnKA GF LMz FyYyR égnKA G2y 3l

f AssistNBIA2yFETXI GSNNAG2NALFE FyR ylFdA2yFt | dzik2NRGASE
perspectives, and thus fulfill their statutory obligations under the Resource Management Acttil90a A
Tahu Claims Settlement Act 1998, Local Government 2002 and other relevant legislation

1 Recognisghe importance of consultation, but does not replattee need for directconsutation with
b3InA ¢ Kdz 1A adzNAR KA dzo

In response to declining freshwater quality in developed parts of New Zeatanttal governmentinnounced
changes to the National Policy Statement for Freshwater ManageiidPEFM), the National Environmental
Standard for Freshwater (NES) and changes to the Resource ManagemamtAgust 2020The following
section outlines what changes might be expected over the coming months and years.

It is expected thathere will besignificant reform of the RMA within the next five yearhis will have flowon
consequences faerritorial and regional planningp Southlandin July 2020the Government released report
following a yeaflong review of the RMAThereport concluded that the RMA should be repealed and replaced
with two new separate Acts:

1. The Natural and Built Environments AgtThis would carry over appropriate kgyinciples of the RMA,
andwould aim toenhance the quality of the environmentecognise the concept of Te Mana o te Taiao
(to ensure Mori views arerecognisedreflectingthe fundamental importance of natural resourcies
sustaining all lifg and achieving higlquality outcomes It would set national standards for
environmental outcomesand would create 14 combined plans (replacing the 108 regional and
territorial policy statements and plang) cover each region

2. The Strategic Planning ActThis would set longerm strategic goals and facilitatee integration of
legislative functions across the resource management sysidns. would include function® enable
land and resource planning to be better integrated with the provision of infrastine as well as
associated funding and investmeRegional spatial strategi@sould be a critical part of thiggislation,
identifying areas suitable for development as well as areas or features for protection.

It is likely that there will be signifiod changes made tthe RMA in the coming year8ny proposed changes
will go througha public consultation process, which will provide opportunity forall stakeholdergo submit
on any new proposal

Environment Southlanéh partnership with Te Ao Mararais in the process of developingsignificant plan
change (Southland Water and Land Proposed Plan Cha&y®l PPCto meet the NPSFM requirements,

’

16Te Ao Marama is an incorporated society that represent®Nfbut I LJF G A LJdz wny  y 3l O0hNI ]I k!
Awarua and Hokonui) within the Murihikwhich includesSouthlang - NBF 2 F GKS b3aInA ¢ Kdz 41
anNI Yl 2Nl a 6A0GK f20Ff | dzZiK2NAGASE 2y &adl Gdzi2NE LX Iy
https://ngaitahu.iwi.nz/terunangao-ngattahu/papatipu-runanga/
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particularlyto set limitsand targetfor water quality.

Environment Southland has indicated that a plan change to achieve this will be publicly notifie® en20ke
RMA requires that thithis planis operativeby the end of 208. Environment Southland antieAo Marama Inc
have established aeommunitybased Regional Forum to consider and advise on limits, targetsmethods.

This plan change will focus on the fiffeesh Water Management Units (FMUSs) identified by Environment
Southland:Fiordland and island&Vaiau, Aparimanreti and Matnura (Figure13). However, the Environment
Court hasrecently issued an interim decisidh on the pSLWP thastrongly indicates that theWaituna
Lagoor? | A LInwilBeNhade a separate FMUh addition, as indicated in Section 8 below, the Environment
Court has recently made some significant chaijesthe objectives of the pSLWP and decisions relating to
policies and rules are expect@u2021.

Similar plan changes et limits and targets for water quality haveen developedn other regions such as
Canterburyand the Waikato These plan changdsave generally proposed significant reductions in nutrient
losses to water fronfand.

Environment Southland is in the process of plan development that will integrate Te Mana o te Wai in its approach
to freshwater management. The Environment Court interim decisions on the pSWLP have clarified the roles of
ki uta ki tai and Te Manate Wai.The pSWLP now states:

dinterpretation Statement

All persons exercising functions and powers under this Plan and all person who use, develop or protect resources
to which this Plan applies shall recognise that:

Objectives 1 and 2 are fundamental to thismpl@roviding an overarching statement on the management of
water and land, and all objectives are to be read together and considered in that context; and

i) The plan embodies ki aiki tai and upholds Te Mana o te Wai and they are at the forefront of all
disaissions and decisions about water and land.

Objective 1

Land and water and associated ecosystems are sustainably managed as integrated natural resources,
recognising the connectivity between surface water and groundwater, and between freshwater, latheé and
coast.

Objective 2

The mauri of water provide for te hauora o te taiao (health and mauri of the environment), hauora o te wai
OKSIfGUK FYR YFdz2NA 2F GKS 6F3GSNIo62Re0s FyR GS KI dz2 NI

2 GSNJ Aa | dlF2y3lF YR A& KStRKEAYyamkKBA KEAKSHE G DWS@E I KF
acknowledges the interconnectedness and interrelationshiwatier and land. @ltural practices and the health
and wellbeing 6Murihiku N y | (§fitshl council or boardylepends on the ability to express Kaitiakitanga (as

17 https://www.environmentcourt.govt.nz/assets/Documents/Publications/20MI Env208-Aratiatia-LivestockLimited
v-SouthlandRegionalCouncil.pdf
18 Environment Court Fourth Interim Decision on pSWLP, November 2020
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guardian and advocate).

Kiutakitah & | LIKAf2a2LIKe GKFd NBFfSOGa G(KS bInAk ¢l Kdz OASs
of kaitiakitanga (g NRAF ya KA LW FNBY GKS Yz2dzyiltAya |yR AyftlyR f
g KFELINkS&ahdza NASaE FyR (2 GKS aSI 60FNRBY (KS Y2dzyidlAya i
the interconnectedness of the whole environment.

Three overarcimg values have been identified by Murihiku%twi

f dreManaoteWaf ¢KS NRtS 2F QlfdAy3a GKS tAGAYy3 SELINBaaA
of life force) of water bodies and taonga species. Te Mana o te Wai is recognisedatitireal Policy
Statement for Freshwater Management as: the health and wellbeing of water bodies; the health and
wellbeing of people and the health and wellbeing of the environment. Te Mana o te Wai recognises that
values setting within the community needs2 dzy RSNLJAY Fff NBIA2YyLlf | dzliK:
environmental management work.
f KaitiakitangaY ¢ KS | QldA2ya 2F an2NR Odzf dzNI f 3JdzZt NRAF YEAKAL
1 Tino Rangatiratanga The exercise of the Treaty of Waitangi, statutory rulings attdreli expression
in the protection and restoration of the environment such that the social, health and economic
RSOSt2LIVYSy il 2F (GKS an@NR O2YYdzyAide A& AyidESaNIGSR

baInA ¢FKdz 1A adz2NAKA]ldz KIa aA3ayAFTAOIYy G OFpe@&tided oA GK F
G2 ApAh b@IF Kdz 1 A a dzivdn Ang, @19) prévillesbogerviaw ofTe Runanga o MgTahu ki
Murihiku values with respect to freshwater.

Ngni Tahu ki Murihiku have an approach of aiming for the highest possible standard of wetiy dhat is

characteristic of a place or waterway. This relates back to the way that a place or waterway was used and valued
historically. To meet these aspirationsriNgahu ki Murihiku believe that the resource management and in

particular, the limi setting framework need to consider cultural values alongside scientific values. This approach

is underpinned by the perception held byd®INA G KIF G &F GSNJ Aa | aK2ftAaGdAo al ON
26y tATFTS T2 NioBvodNwP2If dze% @ d KId KdzYkya FNB a2ySé gAilK

- Papah nuku) and that water and rivers are the lifeblood of Papatuku. This also includes the approach of

integrated management of the environment that is encompassed by the conceptubd Ki Tai (Mountains to

the Sea), which includes:

91 Integration across agencies and legislation.

1 Integration across natural and physical resources (e.g. water, soil, the coast).

1 Integration across outcomes for a given waterway.

1 Integration of local withegional and national objectives.

Key areas of environmental concerns regarding freshwater management in Southland identified by Te Ao
Mnrama include:

I Water drainage. This is considered to be more of an issue than water abstraction and relates to the
signficant loss of wetlands and associated biodiversity and cultural values as a result of land
development.

1 Water abstraction. There is concern regarding the limited understanding of groundwater and surface
water interactions, particularly where there is wertainty about the impacts of groundwater
abstraction on surface water bodies.

1 Discharge of wastewater (sewage and stormwater) to watef.his should be avoided due to the
impact on cultural values and the preference for treatment and then discharge do/iarwetlands and
riparian areas.

19 http://waterstory.es.govt.nz/ngatahu-ki-murihiku-values.aspx
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1 Preservation of mahinga kai and taonga specieshis is the preservation of the biodiversity and
availability of traditional mahinga kai sources and the preservation of culturally valuable ecosystems.

Catchment groups need to appreciate and understand the concerbs®fh A ¢ | K dz, theAsigndficelNA K A | dz
importance of these concerns in RMA processes and the need to work witiNdcal ?445land use changes
are being considered to maintain and improve catchment water quality.

Summary information on water quality demonstrates that no lowland river in Southland fully complies with all
the relevant water qulity guidelinesstandards and some rivers are significantly degraded compared to national
guidelinesandor regional water quality standards. This means that the liamtl targetsetting process that
Environment Southlands currently working on isalmost certain to introduce new policiesules and other
initiativesto reduce losses of contaminants to watiat will need somesignificantland use changeand or

farm system changes

The purpose of this section is to summarise the background to this, fgdeht potential options to reduce
contaminant losses from land use and suggest hoeotatribute to, andprepare for the pending changes.

The main contaminants of concern are N, P, sediment, raittloorganismof health significancémonitored
usingfaecal indicator organismsThere is a significant amount of information available on N loss from a range
of land uses in New Zealand and Sdatid. This is summarised below to provide one indication of relative
contaminant losses:

w Forestry 1-5 kg N/halr,

w Sheep and beef 6-40 kg N/halyr,

w Dairying 25100 kg N/halyr,
w Arable 10-140 kg N/halyr
w Commercial vegetables 100-300 kg N/ha/yr.

This highlijhts that some of the relatively minor land uses such as arable and commercial vegetable growing can
have relatively high losses of N. It is also important to appreciate that even in one sector the N loss rates can
vary significantly.

It is also importanto appreciate that while there is a considerable amount of quantitative information available
on N losses, there are important water quality issues related to sediment, hamdorganismahat will also
have implications for land use.

Catchment and sitaspecific characteristicare critical to determining the amounts and effects of contaminant
losses on water quality, aquatic ecosystems and the uses and values of water.

Land use, catchment and sigpecific characteristics will usually determine the mpgacticable options to
reduce contaminant losses. For example, there is more potential to reNuosses from a typical dairy farm
than to reduce N losses for a dryland sheep and beef farm.

A significant amount of research has been undertaken in Nevadéand overseas into identifying effective

20 https://ngaitahu.iwi.nz/terunangao-ngaktahu/papatipurunanga/
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measures to reduce contaminant losses from agricultural land. These provide a wide range of options to
significantly reduce losses of contaminants.

It is important to appreciate thasome contaminant loss mitigan measures will be effective in reducing a
range ofcontaminantswhile some will be specifito one contaminant

9.2 Trends in land use change over the past 30 years

A key land use change that has occurred in Southland over the past 30 years has lsgnitisant increase in
dairying and the concurrent reduction in sheep and baambers Dairy cow numbers started increasing
significantly after 1990 and rose from less than 40,000 milking cows in Southland to just under 600,000 in 2019.
This rate of inease flattened significantly in the last five years, as illustratdelgarel?.
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Figurel7: The number of milking cows in Southland 1992019

This change in land use means that there is potential for significant losses of contaminants to enter wgater. It
possiblethat in some locationshese changes could mean that there is a significatmogend f 2+ R 2 02 YS§
i.e., a significant lag time bgeen nitrogen draining through to groundwater and that groundwater emerging in

a surface water bodyHowever, tlis possibilityhas to be critically assessed on a catchment by catchment basis.

The water quality data summarised this report and Southlandspecific research indicagethat shallow

groundwater in Southland generally responds relatively quickly to land use chadga generathe lag time is

years not decadegCatchment specific characteristics will dictate how quickly groundwater mowessurface

waters.

Sheep and beef land use is still by far the predominant use of agricultural land on an area basis in Southland,
with approximately 700,000 hectares, while dairying landsigmgproximately 300,000 hectares.
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Environment Southland has statéithtthe LINR LJ2 &8 SR Wf A YA (1 & SWRPPGwII Meh&tified Q LI | y
in 2023. EnvironmentSouthland and’e Ao Marama Indhave established aommunitybased Regional Forum
to consider and advise on limits, targeésd methods.

Plan changes will result iadditional controlsin Southland that will be focussed on reducing the loss of
contaminants, specifically &hd P, from land to groundwater and surface wafEhis means that in most parts
of Southland there will be new rules thdirectly or indirectlywill set limits on the amounts of N and P that can
be lost to water. There are also likely to be new rules emimat reducing discharges of sediment and
microorganismgo water.

It is important to appreciate that groundwater quality and surface water quality vary across Southland. As an
example, the Waiau River at Tuatapere, currently has a meditaate-nitrogen concentration of 0.25 g/rh

while the Waimatuku Stream at Lorneville Rivertond lagfive-year median nitrate nitrogen concentration of

3.4 g/m3for the five years ending December 20Hbwever, it is also important tappreciate thatother factors

that may be relevant to a catchment such as the state ofdbenstreamestuary. For example, thelatively

poor status of theNew River Estuarig highlylikely to have implications for nutrient management of the Oreti
River

To obtain an arly indicationof one important driverfor nitrogen loss reductionconcentrations carbe
O2YLJI NBR (2 GKS y S g(NBLot ritrate yftloden in @vérsiat & mefidnyoiS2@ ginfror
examplethe water quality of the Waimatuku Streadoesnot comply with this NBLThe Waihopai Rivdive-
year median nitrate nitrogen concentration as at the end of 2@&8 just below the NBL at 2.2 ginTherefore,

it should be clear thahew policies andrules for these catchmens will be aimed at achieving significant
reductions in nitrogen losses to water.

It shouldalso be appreciated thaven if there are nsignificant catchmentitrate toxicity issuesit is likely that
nitrogen lossreductionswill be requiredin most catchmentgo address nutrient enrichment issues such as
estuary eutrophication.

It is not possible at this stage of the procesbéssureabout exactly what this will all mean fordividual farmers.
However, we areertain that to significantly reduce concentrations of contaminaimgroundwater and surface
watersto achieve the water qualitipeing sought by the community wigquire major reductions inontaminant
losses to water in most Southlawdtchments.

Regional councdtake the following basic steps when undertaking the planning process for nutrient reduction

1. Identify the water quality objectives that need to be achieved e.g., periphyton exteiat river bed.

2. ldentify the water quality targets needed to support those objectives e.g., dissolved nutrient
concentrations.

3. Identify the annual catchment load of N and P that would be consistent with those dissolved nutrient
concentrations.

4. Identify thecurrent annual catchment loads of N and P.

5. ldentify thecatchmentreductions required to meet the catchment load targétghere objectives are
not being met)
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6. Use an allocation method to distribution reductions across resource asersleterminea time peiod
to achieve water quality objectives
7. Develop a suite of planning provisions: policies, rules and other implementation methods.

Some key stepim a simplehypothetical scenariare illustrated inFigurel8, whichassumesll properties in a
catchment would reduce nutrient losséy the same proportion

Hypothetical current scenario Hypothetical future scenario
Individual property nutrient loads ABC kg/year Reduced individual property nutrient loads
Catchment nutrient load XYZ Tonnes/year Catchment nutrient load 0.78 XYZ Tonnes/year
River water quality e.g.,3.1¢g N03—N/m3 River water qualitye.g., 2.4 g NO3-N/m3

Figurel8: Diagrammatic representation of a simplistic change in dateent N loads and water quality
10.3 What can you do to help improve wateguality?

There are many well established good management practices that clarify the general expectations to minimise
contaminant losses to water. The industry spedfitddelines are available on the relevant websites:
Beef + Lamb NZ

Dairy NZ
Deer NZ

Foundation of Arable Research

Horticulture NZ

Irrigation New Zealand

=A =4 =4 =4 -4 -4 -4

Pork NZ

Environment Southland have published some high lgeeld management practic6MPs), as well as some
contaminant transport route specific quidelines

¢ K $1dudtryagreed Good Management Pra@grelating to water qualig/ & dzY Y I NRA ekl génrdl KA 3 K
practices that should be adopted. These are summarised under the following heading

10.3.1 Good Management Practices

GENERAL PRINCIPLES
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1. Identify the physical and biophysiadiaracteristics of the farm system, assess the risk factors to water
quality associated with the farm system, and manage appropriately
2. Maintain accurate and auditable records of annual farm inputs, outputs and management practices
3. Manage farming operation® minimise direct and indirect losses of sediment and nutrients to water,
and maintain or enhance soil structure, where agronomically appropriate
NUTRIENTS
4. Monitor soil phosphorus levels and maintain them at or below the agronomic optimum for the farm
system
5. Manage the amount and timing of fertiliser inputs, taking account of all sources of nutrients, to match
plant requirements and minimise risk of losses
6. Store and load fertiliser to minimise risk of spillage, leaching and loss into waterbodies
7. Ensure egipment for spreading fertilisers is well maintained and calibrated
8. Store, transport and distribute feed to minimise wastage, leachate and soil damage
WATERWAYS
9. Identify risk of overland flow of sediment and faecal bacteria on the property and implemeagures
to minimise transport of these to waterbodies
10. Locate and manage farm tracks, gateways, water troughsfessting areas, stock camps, wallows and
other sources of ruoff to minimise risks to water quality
11. Exclude stock from waterbodies to tiextent that is compatible with land form, stock class and stock

intensity. Where exclusion is not possible, mitigate impacts on waterways

LAND AND SOIL

12. Manage periods of exposed soil between crops / pasture to reduce risk of erosion, overland flow and
leaching

13. Manage or retire erosioqprone land to minimise soil losses through appropriate measures and
practices

14. Select appropriate paddocks for intensive grazing, recognising and mitigating possible nutrient and
sediment loss from critical source areas

15. Managegrazing to minimise losses from critical source areas

EFFLUENT

16. Ensure the effluent system meets indusspecific Code of Practice or equivalent standard

17. Have sufficient suitable storage available for farm effluent and wastewater

18. Ensure equipment for spreing effluent and other organic manures is well maintained and calibrated

19. Apply effluent to pasture and crops at depths, rates and times to match plant requirements and

minimise risk to waterbodies

WATER AND IRRIGATION

20. Manage the amount and timing of iragjon inputs to meet plant demands and minimise risk of leaching

21.

and runoff
Design, check and operate irrigation systems to minimise the amount of water needed to meet
production objectives

22. The following are often identified as key practices that can bdlifireml to manage the loss of

contaminants.
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Table3: A summary of general farm practices, mitigation measures and the contaminants targeted

Farm practices and mitigation measures Contaminant targeted

Fertiliser type and timing N &P

Rate and method of fertiliser application N&P

Cultivation practices, including timing N &P

Soil and cover management Sediment & P

Livestock type and stocking rate N & microorganisms

Feed type, pasturehoice, forage crop choices N

Grazing practices and regimes P, N & sediment

Soil fertility status PandN

Irrigation practices N, P, and sediment

Effluent practices N, P, microorganisms, & sediment
Use of wetlands N, P, microorganisms, & sediment
Rparian management P, microorganisms, & sediment
Track, and laneway planning and management | N, P, microorganisms, & sediment
Reducing/removing point source risks N, P & microorganisms

10.4 implicationsfor land use and water qualitynanagement

These changes that took effect on 3 September 2020 will have significant implications for land use and water
quality management. The key changes and implications are listEdble4:

Table4: Implications of new RMA provisions for contaminant loss management

New controls Key implications

National Policy Statement for Freshwat| Changes the National Bottom Line (NBL) for meg
Management{NPSPW) nitrate-nitrogen concentration in rivers from 6.9 g
to 2.4 g/n¥. This willeventually be implemented via
regional plan andeinforce the need for significant lan
use change in some catchments e.g.e Waimatuku
and Waihopai where water quality currently does n
comply with this requirement.
Regulations for stock exclusion and freshwater fg§ Should have limited implications because most farm
plans Southland comply with stock exclusion requirerntse
and existing farm environmental management plg
required already under the pSWLP are equivalent
freshwater farm plans.
Freshwater National Environmental Standaf These changes will have significant implications
(NESFW) some farms.

1 Stock holding area standards

1 Intensive winter grazing standards

9 Agriculturalintensification restrictions

1 Limiting the application of syntheti

nitrogen fertiliser to a maximum of 190 K
N/halyr

The detailed requirements are set out on the Ministry for taevironment and various industry organisation
websites

Many of these new requirements will over the next few years result in the reduction of some losses of
contaminants to water in Southland. However, some of them are similar to initiatives that haneubderway
for a number of years in Southland. In addition, changes such as reductions in the maximum annual synthetic
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fertiliser use will take some years before reductions are reflected in water quality. It is also possible that in some
situations reductns in fertiliser use will result in substitutipfor examplefeed used to replace a reduction in
pasture production.

Taking all these factors into account, we consider that in Southland the effects of the new regulations and NESFW
on water quality will be relatively minor, and are most likely to just assist in halting any further deterioration in
those locations where war quality is degraded.

The NPSFW will require Environment Southland to develop and implement specific additional measures in those
catchments where the currentitrate-nitrogen water quality does not comply with the new NBhis meas

that it is likelythat the most significant reductions i lossesmaybe required in theséwo catchmentswhere

G GSNI ljdz- £t Ade OdzNNByidifteé R2SayQi O2yYLXeée gAGK GKS yAlGNF

1 Waimatuku Creek
1 Waihopai River

In addition toconsideration ofitrate-nitrogen as a potetial toxicantit is also a nutrient and as such it is also
highly likely that signifiant nitrogen loss reductions will be required in most catchments to address nutrient
enrichmentaccelerated plant growth issues.

The information summarised in this report strongly indicates theither Good Mamgement PracticeGMP
measures nor the new regulations/NESFW will be enough to significantly improve receiving water quality.

One of theissueswith GMPs is that many of them are frequently not explicitly defined. For example, a wide

range of practices for farm tracks managemn or fertiliser use could be GMPs but still be quite different and

result in different levels of contaminant loss to water in different locations. Taking this into account and not
1y26Ay3a (2 6KFEG SEGSY(d TFIFNY& Ay ntatatikdifficulf i becdhiidenR WO 2 Y L.
Fo2dzi 6KFG GKS STFSOG ¢2dzZ R 0SS 2F Ittt FrENya Ay {2dzi
physiographic zone GMPs. However, two aspects are clear:

1 The majority of farms in Southland are likely to beeatly generally operating &&MFQ
1 The water quality improvements that would occur with greater uptakearheWsMPsCare likely to be
relatively small

We have not seen the detailed Environment Southland technical work tleatigntly underway but from our
summary of the gaps between existing water quality and existing water quality stantheidsgingnational
bottom lines, it is clear that GMPs andwmeegulations/NESFW alone will not achi¢iat water quality.

Ourvery preliminary assessment is thatost catchments will neeahitrogenloss reductions from farming land

of more than15 %compared to current practicedVhile we understand thafor the dairy sectonitrogenloss

reduction of 15%02 YLI NBR (2 W32 2 RQsYengralld®nsiSeyed achiiNalid indsiGBms

it would still require significant farm system and management changes together with fepacitrient loss

mitigation measurestHowever, our understanding of the scale of the water quality issuesost catchments

particularly in terms of estuary eutrophicatipisthat 15% reductionss 2 y Qi 6 S Sy 2dzaK G2 | OKA
water quality targés.

It is also clear thathere aredifferences in catchmentwater quality, catchmentcharacteristicsaand individual
farms. Thiswill mean thatdistinct individualcatchment andfarm approachesare likely to beneeded to take
account ofthese differences.
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10.6 How accurate are predictions about the effectiveness of contaminant
reduction strategies?

It is important to appreciate that all predictions of the effectiveness of contaminant loss predictions have
inherent uncertainty. The extent of uncertainty depends on many factors such as the similarity of an individual
situation compared to the information used to estimate the effectiveness. The information in the following
sections is provided as an indication bétrange of likely effectiveness.

The information in the following sectioris an initial guide. A Certified Nutrient Management Advig&eiMA)
should be consulted to develagite specific strategies. Environment Southldawld sustainability officermay
also be available to provide advice.

11. Action on the ground

The following section outlines specific strategies for reducing nitrogen, phosphorus, sediment and
microorganism loss from farm systems.

11.1 Specific strategie$or reducingnitrogen losses

Thefocus of this section is primarily on dairying given the extent of dairying in Southland and the relatively high
N loss rates from dairying. Some of the practices also apply to other farm systems.

These strategies are in addition to GMPs and existingiresuents as specified in the pSWLP, NESFW and
regulations e.g., stock exclusion, effluent management, intensive winter grazing controls, irrigation
management, optimum soil nutrient concentrations, etc.

The Waikato Regional Council has a usidtsiledguide to the effectiveness and costs of different practices to
NBERdzOS ydziNASYy(d f2aasSa G2 ¢ G§SNJ T2 NurRMIMBIUCHEDIMMAES RNEA
information will be applicable in Southland.

1. Fertiliser practices and tactical use of nitrogen fertiliser

TheFertiliser Associations Code of Practice for Nutridanagemenf sets out best practices for N fertiliser use
covering N requirements, rate, timing and form of application, soil conditions (moisture and temperature),
minimum pasture covers, management of N on an effluent block. Careful control of the #srauah time of

year of fertiliser application can significantly reduce N losses to water.

2. Feedpadspff paddock structures and restricted grazing

Losses of N from urine patches are responsible for most of the N leaching from grazed pastures. Removing
animals from the grazed pasture in the autumn, winter and early spring periods significantly reduces the number
of urine patches contributing to N leaching.

The use of feedpads aradff paddock structureslso reduces or avoids intensive winter grazing that can result
in significant losses of N to water.

These are highly effective strategies in reducing N losses to water. Urine collected while the animals are on a
feedpad or in a off paddock structurecanbe returned more evenly, at lower rates and at times of the year
when net drainage is unlikely. However, it is critical to design and operate effluent management systems in
conjunction with any of these systems to ensure that effluent is collected angdtontil soil and weather
conditions are suitable.

3. Wetlands and riparian attenuation zones
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Trapping and retaining nutrients and sediment in wetlands and vegetation buffers alongside water courses has
the potential to significantly reduce direct contamii@t of waterways. Local conditiorssich as soil types,
slope, rainfallandland use, will contribute to the potential effectiveness of these systems.

4. Low nitrogen feed supplements

Use of feed supplements such as maize sitaggarley grairas an alterative to using fertiliser N boosted grass
lowers the amount of N in the diet. This translates into lower N concentrations in urine and the amount of N
deposited in a urine patch, reducing the amount of N at risk to leaching.

5. Nitrification inhibitors

Nitrification inhibitors target the animal urine patch limiting the microbial conversion of txite nitrate, which

is the main source of N for leaching. They offer considerable potential. However, none are currently approved
for use.

6. Management of soil akrnatives

Some soils are more free draining than others and provide limited or no opportunities for denitrification
(microbial process of reducing nitrate to gaseous forms of nitrogemjtcdte-nitrogen. Therefore, there can
often be opportunities to for examplenove high N loss activities to heavier soils that provide greater potential
for denitrification to occur.

7. Summary of effectiveness and costs of nitrogen loss reduction strategies
The following diagrarMcDowellet al2013)summarises the range of effectimess and costs of some common
strategies to reduce N losses to water.
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Figurel9: The relative cost and effectiveness of farm strategies to mitigate N losses to water. Cost is shown as
the cost per kg of N mitigated relative to the most expensive strategy. The centre of the squares represents the
mid-point in the range for eaclstrategy while the size represents the relative variability of each strategy
(Diagram reproduced with permission of AgResearch)
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The information on N loss reduction strategies indicate that there appear to be three general options for N loss
reduction(Table5):

Table5: Summary of nitrogen loss reduction strategies

Extent of N loss Strategies involved Approximate % N
reduction loss reduction
Minor 1 Compliance with all current requirements, i.e., pPSWLP, NESE 5-15
regulations
1 Tactical use of fertiliser, low N feed, alternative pasture/crops
1 Enhanced management of tracks, laneways, critical source &
minor farm system changes, and riparian strips
1 Someuse of feedpads
9 Careful management of effluent and irrigation
1 Management of soil alternatives
1 Strategic grazing afinter crops
Moderate 1 All of the above 15-25
1 Animal genetics
1 Development and use aff paddock structure$or 3 ¢ 5 months
of the year
9 Significant areas of riparidsuffer strips
Major 1 All of the above 25-50
1 Reduced farming intensity e.g., reduce stock numbers
1 Major investment in constructed/modified wetlands
1 Catchment strategies.g., aquifer recharge
1 Land use change

11.2 Specific strategies for redudng phosphorus, sediment and
microorganismlosses to water

These strategies are in addition to GMPs and existing requirements as specified in the pSWLP, NESFW and
regulations They includestock ecclusion, effluent management, intensive winter grazing controls, irrigation
managementand optimum soil nutrient concentrations

One important consideration to keep in mind is that some strategiay provide significant benefitto some
contaminantlosspathways, but not others. For example, contaminantsleg surface runoff (overland flow)
versus contaminants lsvia deep drainage (leaching).

1. Reduced soil erosion

Soil erosion processes can result in significant losses of Ppexgidand faecal bacteria to waterways. Some
locations are particularly susceptible to soil erosion from overland flow during rainfall efentample via
slumps, slipsand stream bank erosion. There are established methods to reduce soil erestbnastree
planting, stabilisationand retirement, to reduce soil erosion that in turn significantly reduce the amounts of
these contaminants lost to water.

2. Fertiliser type and practices.
The use of slow release P fertiliser products and restricting@gimns during periods of high ristor example,
when significant rainfall is forecast has potential to significantly reduce P losses to water.

3. Soil management, cultivation practices and critical source areas
Minimising soil cultivation, minimising tteemount of time that soil is bare, avoiding or reducing grazing of poorly
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drained soils will all reduce the loss of contaminants in surfaceoffiavents. Identification and management
of Critical source areas (CSAS) is an important component.

4. Feedpadspff paddock structuresand restricted grazing

Restricted grazing, feedpads amff paddock structurescan also be effective for reducing the loss of
contaminants in surface ruaff, particularly in locations with heavy soils that are prone to becoming saturated
in winter.

5. Wetlands and riparian attenuation zones/systems

Trapping and retaining nutrients drsediment in wetlands, riparian attenuation zones and other systems such

as bunds have the potential to significantly reduce losses of sediment phosphorus and faecal bacteria to surface
waters. Local conditionsuch as soil types, slope, rainfalind land use, will also contribute to the potential
effectiveness of these systems. Riparian plantings around small streams can also provide shade and improve
aguatic habitat.
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Figure20: The relative cost and effectiveness of farm stgies to mitigate P losses to water. Cost is shown as
the cost per kg of P mitigated relative to the most expensive strategy. The centre of the squares represents the
mid-point in the range for eaclstrategy, while the size represents the relative varigbibf each strategy
(Diagram reproduced with permission of AgResearch)
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Figure21: The relative cost and effectiveness of farm strategies to mitigate sediment losses to water. Cost is
shown as the cost per kg of sediment mitigatelative to the most expensive strategy. The centre of the squares
represents the miepoint in the rangeor each strategy, while the size represents the relative variability of each
strategy (Diagram reproduced with permission of AgResearch)
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It is important to appreciate that thEigures14, 15and16assume a starting point with little or no mitigation of
contaminant losses, and therefore the current starting point in Southland is that for example, a significant
majority of surface waters habeen fenced to exclude dairy cows and cattle.

Table6: Summary of phosphorus, sediment and faecal bacteria loss reduction strategies

Extent of loss Strategies involved Approximate %

reduction lossreduction

Minor 1 Compliance with all current requirements, i.e., pPSWLP, NESF 5-15
regulations

Tactical use of fertiliser, slow release P fertiliser,
Some use of feedpads

Careful management of effluent and irrigation
Strategic grazing of winter crops

All of the above 15-40

Development and use aifff paddock structure$or 3¢5 months
of the year

Significant areas of ripariasuffer strips

Enhanced management of tracks, lanewagsd critical source
areas

All of the above 40-60
Reduced farmingntensity e.g., reduce stock numbers
Major investment in constructed/modified wetlands
Major investment in managing all CSAs

Land use change

Moderate

—a —a |2 =2 A A

= =4

Major

=2 =2 2 _a _a

11.3 Catchment group opportunities

Catchment groupsre in the ideal position to collectively work togethon strategies that can be designed to
addressspecific catchment challengeg/hile the focus of the general strategies outlined abtnaes been on
individual farms, catchment groups will be in the best position to tailor packages that take aafduow for
example adjoining land owners can work together ¢oeate synergies thanay not work as effectivelyif each
farm operatedindependently. This can particularly be the case when it comesaieagingun-off.

11.4 TakeAction Now or Wait?

There are significant advantages in initiating changes now to start reducing contaminant losses and improve
water quality.

Concerns have beeexpressed that any initiative taken now may make it harder to comply with future rules
because most regional councils have approached the issue of setting nutrient limits and targets by requiring
YdziNASy G t2aa NBRdAzOGA2ya O2YLI NBR (G2 | Wol aStAayS LISNA

It is not certain that Environment Southland will use a baseline reference period, but this is the most commonly
used methodn New Zealantb develop policies and rules for catchment nutrient loss reductions.

It is extremelyunlikely that any baseline pied for the forthcomingSWLPP@ould be set for the period post

July 2020. The new National Environmental Standards for Freshwater (NESFW) that took effect on 3 September
2020include @NB FSNByY OS¢ LISNA 2 R 2 T Rule 20\fife pPSVIP /has dive-liedr referenc®Vdzy’ S H 1 1
period specified for oneesource consent activity status. We consider thét likely that Environment Southland
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will align withthe NESFW perioar asubset of thaperiod. A $host recent five years prior tor@source consent
applicatiorfimayinappropriatdy encouragesomefarms to ramp up nutrient loss prior to applying for a resource
consent.

A significant amount of technical investigation work has been undertaken recently by and for Environment
Southland which will be used as technicaformation for the SWLPP.A significant amount of that work will
relate to detailed assessments afater quality, catchment nutrient loads, and modelling the relationships
between land use and water quality. As &eptember2020 we understand that therimary technical
investigations and modellinigas finished

We consider that it is likely that a baseline period will be used inSWWA.PP@nd it will be for a three tdive-
yearperiod between 2014 and 2019.

Recent approaches toutrient loss reduction policies such as those proposed in North Canterbury have been
based orpercentage reductions below a suite of specific GftlPs baseline periodAsignificantadvantage of

this approach is that it does not pelise anyone whachieves that reduction earljiowever, we are aware that
other approaches have been used in New Zealand such adltioation on the basis of land use capability that
was used in the Manawatu Wanganui region.

Environment Southland willontinue to monitor groundwater quality and surface water quality and use that
information to assist with developing tH@WLPP@&nd to provide feedback on the effectiveness of the planning
framework. The achievement of water quality objectives will be ticafiinput into the regulatory framework.

We understand that catchment groups are focussedroproving water qualityTherefore, we think that the
most appropriateapproach would be to gather as much information as practicablan individual farm basi
about land management practices over the last four years to assist in understanding existitgriorannual

average N and P losses. This should involve ustertified Nutrient Maagement AdviserGNMA to model

this information in Overseer. This Wlelp tohave a context for considering tlmntaminantlossreduction

options that will be available.

We understand that some people have suggested that it may be appropriate to intensify land use to increase
nutrient losses on the assumption thitis would mean that with a higher baseline it will be easier in the future

to comply with a requirement to reduce nutrient losses. We do not recommend this approach; both because it
is almost certain that any baseline period will be for a period betwéHdm2nd 2019 and because it could result

in additional water quality deterioration. New land use intensification may also require additional resource
consentsunder the pSWLP and/or the NESFM.

There are a range of practices that should be implemented as soon as possible that will contribute to improving
water quality, involve minimal costs arsthould assist in longerm planning for future additional measures.
There are also a range ofgrautionary procedures that should be followed.

Complete baseline assessments
Work with a CNMA to develop modelled Ietegm annual average nutrient losses for the fergar period 2016

¢ 20109.
Operational preparation:

1 Make sure that you understand allghrelevant current pSWLP rules and the new NESFW/regulations
that apply to your farm.
1 Ensure that you comply with the relevant provisions by the due dates and/or apply for resource
consents if required.
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91 If you have any questions or need to apply for reseuconsents consult an experienced professional.

1 Ensure that you have systems in place to ensure ongoing compliance with all your relevant resource
consentsThis includes havirighil & | FySt@ns in placparticularly for efflueninfrastructure.

1 Ensure that you know when your current resource consents expire and that you prepare to apply to
replace them at least 12 months before they expire.

1 In consultation with your CNMAegielop at least twao three options for progressivelyreducing
contaminant lossefrom landon the basis that it is almosertain that nutrient losses fronindividual
farmswill need to be reduced.

1 Cawmsult and coordinate with others in your catchment group, particularly neighbours to assess how
measures couldbest be coordinated.

1 Consult an experienced farm consultant/nutrient management advisor to discuss the best options for
your individual farm so you understand what would be involved in implementing the options that are
likely to be available to you and v methods would be most cost effective for your specific
circumstances.

Implementation of additional specific contaminant loss reduction measures
Work with a CNMA to develop a range of stratedhest can be quantifiedsuch as:

1 Avoid or minimisespecific risk issues e.g., reducing/rerouting-affiinto water from tracks, culverts,
bridges, etc.

f LRSYGAFTe YR FRRNB&aa lye LRGSYGAIT LRAyd az2dzaNOS N
with poor well head protection or located too cl$o a contaminant source such as a laneway.

1 Investigate the opportunities for changes to fertiliser use to see if changes or reductions could be
achieved thatwould notadversely affect production.

1 Look at farm system changes for dairy farms such as medditional use of feedpads, increased area
for effluent application and or different soil types that would result in reductions in N leaching and or
P loss.

I For all farm systems look at the opportunities for increasing the width of riparian margins and
opportunities for developing or enhancing wetland areas for treating runoff.

1 Identify all significant critical source areas (CSAs) and prioritise measures to reduce contaminant losses
from them.

All of these measures cdre quantified to a greater or lessextent and can therefore be counted towards any
future nutrient loss reduction that may be required under t8B&/LPPC

Consider all your options

1 Do not consider business as usual as an option.
1 Carefully considehe potential implications of major investmen Will that potentialmajor investment
SyadsaNB GKIG @2dz Oy O2YLX @& $AGK FdzidzNB NHzZ Sa 2N ¢

Every farm in Southland has its own set of unique circumstances and each catchment will have differences. We
GKAY]l GKFIG A& dzaS¥dzA G2 GKAY] lo2dzi + dzyAljdzS WYAGAII
account of both catchment and fareircumstances. For example, the key targeteshtaminantmay change

from N to Psediment/microorganismsiepending on the catchment. Similarly, the opportunities for nutrient

loss reduction will change from farm to farm depending on the type of farm,,sslitgpe, underlying
hydrogeology, rainfall, etc.
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The primary focus of attention for both national and regional controls has been on surface water quality
management. However, groundwater plays a critical role in that irchmaf Southland groundwater is an
important part of the recharge cfurface water bodies. This is particularly the case with those catchméneise

a majority of river recharge comes from low altitudenoff and or drainage from agricultural areas.

Some atchments such as the Waimatuktave very little high-altitude recharge sourcesnd the major
proportion of surface water flow is sourced framnoff andgroundwaterfrom agricultural landIn contrast for
example theWaiauRiverhasa major portion of its flow sourced frosurface waters fronmountainsand hills
in a large and extensive catchment.

This has important implications for both the qualityvediter in the low altitude source rivers, which is generally
significantly degradeds.qg., the Waihopai River and the Waimatuku Streand the significant challenges that
farmers will have in those catchments to improve water quality.

We have identified the followingpportunities for improvementhat we considemwarrant investigation We
have notidentified a specific organisatidor each matter. This is because theggestednitiativeswill involve
coordination between a number of organisations such as Environnfouthland industry support
organisations andCrown Research Instituteend we think it is premature for us to identigxactly how an
initiative could be developed and progressed

This report hassummarised adiverse range otontaminantloss reductionapproaches For many specific
mitigation measures there is limited Southland specific informatévailable on their effectiveness For
example the range of effectiveness aparianbuffer strips in reducingediment and® loss to wateis generally
accepted to rangdrom just less than 40% o nearly 60%Reducing this scale of uncertaintyith Southland
specific investigationvill assist in dermining how much mitigationvould be needed to contribute to
achieving specific water quality

There would besignificant benefits to the Southland communitif assessments could be made of the
effectiveness ofirange of contaminant loss reduction strategasepresentative Southland sigspecifically:
constructed wetlandgriparianbuffer strips the use ofoff paddock strutures; management of trackdaneways
andcritical source arem andchanges to intensive winter grazing systems

There would also be benefih assessing the effectiveness of mitigation approaches stade beyond the
paddock or farm and to look #lie effectiveness of mulproperty initiatives.

Thecurrently available informatiomas a relatively high level of uncertainty about the effectiveness of each
individual strategyr YR G KSNBF2NB Al gAft 0S Ay SOSNE2yaSé& Ay SNJ
whole community works towards finingpsteffective strategies

Each catchment hasmany unigie characteristicaind the development of catchment limits and water quality
targetswill providedirection forfarmers on thescale of thechallenge for each cahment. However, thiprocess
will not necessarilyjdentify potential mitigation packagedor each catchmenbr subcatchmentthat would
reduce losses to the point thé consistent witlthe water quality targets.
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It will be esential for Environment Southland to work witbatchment groupsand recognised catchment
modellersto developoptions about therange ofmitigation packages thatvould reduce contaminant losses
sufficientlyto meetthe targetwater quality A catchment mitigatiorpackageoption couldindicate the extent
to whichpotential mitigation strategies woultheed to be implemented across a catchmeng.,XYZm ofnew
5m wide riparian buffer stripgom location A to Bat leastX ha of new feedpads used for at leasmonths of
the year forat least Z milking cows, minimum of X ha of intensive winter graziofydairy cowgcattle/deer
replaced with wintering barns for at leasidr months of the yearall X km oftracks and lanewaywithin five
metres of asurface water to beecontoured to shedunoff away from thesurface wateretc.

Robust meaningful,and acurate water quality monitoring isa fundamental component ofreshwater
management. This is increasingly the case wh@grammes are being developdaased on modelling that has
inherent uncertaintiesto identify contaminant lospolicy packages to improve water quality.

The NPSFecently changedhe nitrate nitrogen national bottom lindrom a median of 6.9 g NEN/m3to 2.4
NQ:-N/méd. This will have many implications for regional councils and catchment gr@ugsspecific implication
is that it will increase the expectations that both groundwater and surfacemguality monitging programmes
will need to be fit forthis current and future challenge

Regional groundwater quality monitorimgeds to be enhancet develop dongterm network of groundwater
quality nonitoring bores that are more focused orobtaining strategic meaningfuland representative
groundwater qualitydata atsites where either land ownership or other contractual arrangements mean that
there is a very high level of assurance thwatgterm (i.e.,50- 100 years)nformation is obtaired.

Catchment groups could play important roles supporting Environment Southland to collect water quality
samples in accordance withe nationally accepted methodologly

The freshwater quality standards the pSWLMeed to be reviewedind the plan made consistent with the
appropriatenumeric attributes in the NPSENh addition, given the importance and significance of groundwater
in Southland both as a source of drinking water agcharge to riversgroundwater quality standardshould be
developedas part of the pendingWLPPC

The water quality standards spdeifl in the Water Conservation (Maira River) Order 1997 could simply be
left in place and equivalent modern water quality standards applied alongside them to provide regional
O2yaraiSyoOe o6KAES &dGAtf Sy adzNRy Ihthe Watel consénGtioNdodra 2 y I £ LI

There are many locations in Southland where groundwatiate-nitrogen concentrations have been reported
as significantly elevate(Environment Southland Beacon @irmation). Many of these results appear to be
relatively spatially isolated and may reflectocalised contamination such aglose proximity of a shallow
monitoring bore dowrgradient from a known potential source suchaaseffluent disposal aredloweverthere
arealso manymore extensive areas with high nitrate nitrogen concentrations aredikely to reflect the effects
of wider land useand/or discharges

Many locations such as the Balfoand Edendalé’y A (i NI (s§ v&l2edn inveligated and the most likely

21 hitp://www.nems.org.nz/documents/
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cause identifiedW ot spotsCappear to exisat or near Dipton, Knapdal&jorton Mains,and Mabel BushThese
nitrate hotspot area should benvestigated to endeavour to understand teignificance of the hotspot and the
cause(s) The results of these investigations should be made availalidicly andto landownergcatchment
groupsin that areaand consideredasthe SWLPP@olicypackages are developed.

Catchment groups would welcome specific feedback from Environment Southland on hotspots in theirodreas
only to obtain a better understanding of the causesamlverse effects on groundwatebut also on the
implications forsurface waters that may be recharged by this groundwater.

Catchment groups need to be provided witkilored information and adviceas soon apracticableto ensure
that as many people in the catchment as possible understanchtitare of thechanges that are coming, the
scale of the likelghanges that will be needednd the measures that can be taken individually and collectively
to ensure that communities anmoving towards the achievement @igreed objectives

Profound changes are likely to be needed in many catchmentgett the coming challenge of improving water
quality. The responsgwill need to gowell beyondindividual farm mitigatiormeasuresandare likely to require
major investmens incollaborativecatchmentinitiatives

CKS F2dzNJ t I LI ALz whnyly3al Ay adz2NAKAldz 61 212ydzA wnyl y:
2 | A K2 LJ A threugh/Te|Ab Mama are recognised by organisations like Environment Southland as

partners inthe management of water resourceSatchment groupeeed toensure thatall membersunderstand

thean2NRA ¢2NI R @ Xp&ticuladyih8 NB 2 a2 WRKA LJA havi with wie, kit Nh y |y |
Kaitiakitanga responsibilities and the need to devetbmng enduringpartnership modelsvith Nh vy |- fgr 3 |

water management.

57



Clarkson, B. R., Briggs, C., Fitzgerald, N., RanceQBily&, H. (2011). Current and historic wetlands of
Southland Region: Stage 2. Landcare Research Contract Report no. LC312. Prepared for Environment
Southland, Invercargill.

Dare, J. & Ewans, R. (2018) Wetland inventory and monitoring in Southland: Reckend advance reporting
on wetland state in the region. Environment Southland Science Symposium 2018 poster.

Environment Southland (2018) Proposed Southland Water and Land Plan,(?de@. Decisions versioihd
April 2018. Environment Southland®ication number 2018/3.

OYPANRYYSY(l {2dziKftyR OonHnmpd {2dziKflyR 9addz NAS&aQ KSt
https://lwww.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/environment/water/e
stuaries/documents/Southland%27s%20estuaries%20health%20results%202018.pdf

Environment Southlan(020a) Beacon: Water monitoring andeats, accessed July/August 2020 from
http://gis.es.govt.nz/

Environment Southland (2020b). Southlands monitored estuaries: A Guide to estuary ecosystem health
monitoring.

Grant, D. (2015) Southland regieGeol@y and landforms. Te Ardhe Encyclopedia of New Zealand,
http://www.TeAra.govt.nz/en/southlaneregion/page2 (accessed 25/8/2020)

Green, M. (2015). Drivers of Estuary Ecological Health and Water Quality in the Southland Region. NIWA
ClientReport HAM2018®17 prepared for DairyNZ and Environment Southland

Hughes, B., Wilson, K., Rissmann, C., and Rodway, E. (2016). Physiographics of Southland: Development and
application of a classification system for managing land use effects on waterygonaibuthland.
Environment Southland publication number: 2016/11

LAWA:- Land Air Water Aotearoa (2020) Data sets for River Quality, Lake Quality and Groundwater Quality
downloaded on 2/7/2020

Ledgard, G. (2013). Land Use Change in the Southland regivinonthent Southland Technical Report 2013
13.

Macara, G.R., 2013, The Climate and Weather of Southland, 2nd ed., NIWA Science and Technology Series No.
63

Mager, S. & Horton, S (2018) The Hydrology of Southern New Zealand. Chapter in Strack, M., Wheen, N
Lovelock, B., and Carr, A. (2018) Riverscapes: Research essays on the social context of southern
catchments of Aotearoa New Zealand.

McDowell R, Wilcock B & Hamilton D (2013) Assessment of Strategies to Mitigate the Impact or Loss of
Contaminants from dvicultural Land to Fresh Waters, AgResearch Report for the Ministry for the
Environment, RE500/2013/066

Ministry for the EnvironmentNIfE) (2020) National Policy Statement for Freshwater Management 2020.
August 2020.

Ministry of Health. 2018. Drinkingater Standards for New Zealand 2005 (revised 2018). Wellington: Ministry
of Health.

Moriarty, E., Pantos, O., and Coxon, S. (2019a). Sources of Pollution in the Aparima Freshwater Management
Unit. Institute of Environmental Science and Research Limited tepor

Moriarty, E., Pantos, O., and Coxon, S. (2019b). Sources of Pollution in the Mataura Freshwater Management
Unit. Institute of Environmental Science and Research Limited report.

Moriarty, E., Pantos, O., and Coxon, S. (2019c). Sources of PollutiorOrethEreshwater Management Unit.
Institute of Environmental Science and Research Limited report

Moriarty, E., Pantos, O., and Coxon, S. (2019d). Sources of Pollution in the Waiau Freshwater Management
Unit. Institute of Environmental Science and Reseaintited report

58


https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/environment/water/estuaries/documents/Southland%27s%20estuaries%20health%20results%202018.pdf
https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/environment/water/estuaries/documents/Southland%27s%20estuaries%20health%20results%202018.pdf
http://gis.es.govt.nz/

Newson, J. (2000) An introduction to the Southland Region. Proceedings of the New Zealand Grassland
Association, 62:-3

Pearson, (2015 Artificial subsurface drainage in Southland. Technical Report. Publication N072015
EnvironmenSouthland.

Snelder, T., Fraser, C., Hodson, R., Ward, N., Rissman, C., Hicks, A. (2014) Regional Scale Stfatification
{ 2dzi Kt | Y RQa ¢ Guldan&Nur Wadet andk Liarl Management. Aqualinc Report No.
C13055/02, prepared for Southland Regional @iy March 2014, Christchurch

Stats NZ Tatauranga Aotearoa (2020) Ground Water Quality webpage accessed, and data downloaded
20/8/2020. https://www.stats.govt.nz/indicators/groundwatequality

Zammit, C., Pearce, P., Mullan, B., Sood, A., Collins, D., Stephens, S., Woolley, J.M., Bell, R., and Wadhwa, S.
(2018). Soutkdnd climate change impact assessment. NIWA client report No: 2018120CH.

59


https://www.stats.govt.nz/indicators/groundwater-quality

14. Bibliography

Title

Climate and climate change

Effects of weather variability
on sheep and beef farming i
northern Southland, New
Zealand: A modelling
analysis

Citation

Li F.Y, Vibart, R, Dynes
R.A, Vogeler l., and Brown
M. (2012)

Effects of weather variability

on sheep and beef farming i
northern Southland, New
Zealand: A modelling
analysis Proceedings of thg
New Zealand Grasslan
Association 74: 784.

Summary

Inter-annual weather variation has profound effects
pasture production and pastoral farm performang
However, the relationship between the variation
herbage and animal production arfdrm economic and
environmental (nitrate leaching and greenhouse ¢
emission) outcomes are not clearly quantified, especi
with varying farm management strategies applied ung
variable weather scenario§he authorsfound that farm
economic and envanmental outcomes did not respon
proportionally to pasture production; compared with th
variation range in herbage production, the variation ran
in animal production was smaller, but the variation ran
in farm profitability was larger. Environmentaffieiency
(nitrate leaching and greenhouse gas emissions per un
animal products) was high in wet years.

The Climate and Weather (
Southland, 2nd ed.

Macara, G.R., 2013, THh
Climate and Weather o
Southland, 2nd ed.NIWA
Science and Technolog
Series No. 63

Regional climatology report for Southland Region.

Likely impacts of climatg
change: how could climat
change affect my region

Ministry for the Environment
(MfE) (2018);
https://www.mfe.govt.nz/cli
mate-change/likelyimpacts
of-climate-chang/how-
couldclimatechange
affectmy-region/southland

Summary information on climate change impacts a
regional scale

An initial assessment of th
potential effects of climate
change on New Zealan
agriculture

Tait, A., Baisden, T., Wraf
D, Mullan, B and
Stroombergen, A.2008).An
initial assessment of the
potential effects of climate
change on New Zealan
agriculture New Zealand
Science Review. Vol. §8),
p.50-56.

Work undertaken recently by NIWA also suggests that,
a range ofclimate change scenarios, drought risk v
increase in some currently droughtone areas of New
Zealand. Agricultural productivity in at least some regio
and hence national gross domestic product (GDP), m
be affected by these projected climaticartgesThis paper|
documents an initial assessment of the effect of projec
climate changes on New Zealand agricultu
Improvements in production are projected in Southla
and the West Coast regions which are projected t
remain moist while warming.

Impact of carbon farming or

performance,

Vibart, R.E.; Vogeler, |

Devantier, B.; Dynes, R

'a bS¢ %SItlyRQa | INROdA
implementing the Kyoto protocol, a better understandi

60


https://www.mfe.govt.nz/climate-change/likely-impacts-of-climate-change/how-could-climate-change-affect-my-region/southland
https://www.mfe.govt.nz/climate-change/likely-impacts-of-climate-change/how-could-climate-change-affect-my-region/southland
https://www.mfe.govt.nz/climate-change/likely-impacts-of-climate-change/how-could-climate-change-affect-my-region/southland
https://www.mfe.govt.nz/climate-change/likely-impacts-of-climate-change/how-could-climate-change-affect-my-region/southland
https://www.mfe.govt.nz/climate-change/likely-impacts-of-climate-change/how-could-climate-change-affect-my-region/southland

environmental, and
profitability aspects of sheej
and beef farming systems i
Southland

Rhodes, T.; Allan, W. 201
Impact of carbon farming of
performance,
environmental, and
profitability aspects of sheej
and beef farming systems i
Southland. In: Adding to th
knowledge base for the
nutrient manager. Eds
Currie, L.D.; Christensen, C
Occasional Report No. 24
Fertilizer and Lime Resear
Centre, Massey Univsity,
New Zealand. ppl2
http://flrc.massey.ac.nz/
publications.html

of, and methods to reduce or offset, darm greenhouse
gas (GHG) emissions loete increasingly important. Th
study used the wholéarm system models FARMAX® &
OVERSEER® to examine feed flow, nutrient balg
livestock emissions and profitability from sheep and b
farming scenarios in Southlandincreasing level o
intensificdion resulted in greater amounts of sheep me
and beef, and to a lesser extent wool, produced per ha.
was associated with substantial increases in fé
conversion efficiency (kg dry matter intake per kg anir
product) and farm profit, although theseesults varied
with land-use capability. Intensifying production was al
associated with increased methane (CH4) and nitr
oxide (N20) emissions at a farm level; CO2 equivalents
stocking unit (kg CO&/SU), however, was similar amor
all scenariosand CO2 equivalents per unit of producti
(kg COz/kg produced) decreased with intensification.

Southland climate chang
impact assessment.

Ecology and biodiversity

Assessment of two drai
clearance methods in th¢
Waihopai Catchment

Zammit, C., Pearce, H
Mullan, B, Sood, A., Colling
D., Stephens, S., Woolle
J.M., Bell, R., and Whwa,
S.(2018). Southland climat
change impact assessmer
NIWA Report.Accessed 13
July 2020 from
http://www.goredc.govt.nz/
assets/acuments/meetings
/2019/20190514southland
climate-change
assessment.pdf

Allibone, R. and Dare,
(2015) Assessment of tw
drain clearance methods i
the Waihopai Catchment
Accessed 13 July 2020 fro
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy,
document
library/reports/science
reports/Assessment%200f9
20two0%20drain%20clearan
€%20methods%20in%20th¢
%20Waihopai%20Catchme
t.pdf

Building on the assessment of future changes in N
%St yrRQa OftAYIGS o6l &SR
report addresses potential impacts of climate change g
range of componets of climate, hydrology and coast
processes across Southland.

The Waihopai River, Sou#md, is subject to the effect g
siltation and prolific macrophyte growth which can redu
water flow and impede the drainage of adjacent land.
address these issues, Environment Southland maint
stream channels within this catchment by cleari
sediment and macrophytes on ahree-yearly basis.
However, drain clearance can also have negative imp
on instream communities.Drainage maintenance wa
undertaken to assess the ecological effects of two differ
drain clearance methodsnonitor the effectsof clearance
on downstream water quality, and quantify the differen
in costs associated with the two different drain cleari
methods.

Ecological characterisatior

Bigss, B.J.F.,Duncan, M.J.,

A programme of research to characterise, classify,

61


http://www.goredc.govt.nz/assets/documents/meetings/2019/20190514-southland-climate-change-assessment.pdf
http://www.goredc.govt.nz/assets/documents/meetings/2019/20190514-southland-climate-change-assessment.pdf
http://www.goredc.govt.nz/assets/documents/meetings/2019/20190514-southland-climate-change-assessment.pdf
http://www.goredc.govt.nz/assets/documents/meetings/2019/20190514-southland-climate-change-assessment.pdf
http://www.goredc.govt.nz/assets/documents/meetings/2019/20190514-southland-climate-change-assessment.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/Assessment%20of%20two%20drain%20clearance%20methods%20in%20the%20Waihopai%20Catchment.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/Assessment%20of%20two%20drain%20clearance%20methods%20in%20the%20Waihopai%20Catchment.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/Assessment%20of%20two%20drain%20clearance%20methods%20in%20the%20Waihopai%20Catchment.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/Assessment%20of%20two%20drain%20clearance%20methods%20in%20the%20Waihopai%20Catchment.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/Assessment%20of%20two%20drain%20clearance%20methods%20in%20the%20Waihopai%20Catchment.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/Assessment%20of%20two%20drain%20clearance%20methods%20in%20the%20Waihopai%20Catchment.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/Assessment%20of%20two%20drain%20clearance%20methods%20in%20the%20Waihopai%20Catchment.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/Assessment%20of%20two%20drain%20clearance%20methods%20in%20the%20Waihopai%20Catchment.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/Assessment%20of%20two%20drain%20clearance%20methods%20in%20the%20Waihopai%20Catchment.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/Assessment%20of%20two%20drain%20clearance%20methods%20in%20the%20Waihopai%20Catchment.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/Assessment%20of%20two%20drain%20clearance%20methods%20in%20the%20Waihopai%20Catchment.pdf

classification, and modellini
of New Zealand rivers: A
introduction and synthesis

Jowett, I.G., Quinn J.M,
Hickey, C.W., DaviesColley
R.J. and CloseM.E.
(1990)Ecological

characterisation,

classification, and modellin
of New Zealand rivers: A

introduction and
synthesisNew Zealand
Journal of Marine and
Freshwater

Research?4:3,277-304

model New Zealand rivers according to hydrological, wi
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The giantkokopu(Galaxias argentey$melin 1789)) is
endemic to New Zealand, and is regarded as threateng
perceived decline of the species has been attribu
mostly to the loss and degradation of its habitdfo
determine habitat requirements, information fro the
New Zealand Freshwater Fisheries Database, and
field surveys in the South Island were analysed. TH
indicated that five habitat features are important: i
stream cover, deep water, low water velocity, proximity
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From 2011, lamprey (Geotria australis) populations
Southland, New Zealand have been affected by redde
along the length of the body and increasewbrtalities,
termed lamprey  reddening  syndrome (LR
Histopathology did not indicate an infectious process
involved, but suggested the reddening may be due to bl
trauma. Epidemiological investigation found the Mokore
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an atypical Aeromonaj 2013: laboratory findingg River had a significantly dfier prevalence of LRS thg
salmonicida and epidemiology, includin¢ others in the Southland region, but there was no cl¢

the incidental detection of reason why.

an atypical Aeromona

salmonicida. New Zealan

Journal of Marine ang

Freshwater Research,c21.

doi:10.1080/00288330.201¢

1556167
An  empirical test of Burridge, C. P., Craw, D.,| River capture is a geomorphological process through wi
freshwater vicariance vig Waters, J. M. (2007). A| stream sections are displaced from one catchment

river capture.

empirical test of freshwatel
vicariance viaiver capture.
Molecular Ecology, 16(9
1883;1895.

another, and it may represent a dominant facilitator
interdrainage transfer and cladogesis in freshwater
limited taxa. However, few studies have been conducte
a manner to explicitly test the biological significance
river capture. A multispecies phylogeographical analyisig
usedto test whether the nonmigratory fish fauna of th
Von River (South Islapntlew Zealand) is the product of
well documented, Late Quaternary capture of a section
the nreti River (Southland drainageRiver capture is
responsible for the nonmigratory fish fauna of the V
River. In a broader context, river capture has fregier
influenced the distribution of genetic lineages amo
catchments in New Zealand freshwaténited fish, and it
biogeographical  significance may  have  beg
underestimated in other regions.

Assessment of three lowlan
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Vincent, and The Reservoir

Burton, T., Wells, R., an
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document
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NIWA was contracted by Environment Southland to as
the ecological condition of three lowland coastal lak
George, Vincent and The Reservoir, using Lak
(Submerged Plant Indicators). The LakeSPlI me
provides a coseffective bicassessment tool fo
monitoring and reporting on the ecological condition
lakes using submerged vegetation characteristics,

compliments other forms of condition monitoringuch
Trophic Level Index (TLOf the three lowland coastal lake
surveyed in November 2014, Lake George is categorisg
AY WSEOSttSyliQ O2yRAGAZY
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Contaminants in estuaring
and riverine sedimerst and
biota in Southland

Cavanagh, J., and Ward,
(2014). Contaminants in
estuarine  and  rivering
sediments and biota in
Southland.Accessed 13 Jul

Estuarine and riverine sediments and biota in Southl
were sampled for a range of contaminants by Environm
Southland in May 2013. This report assesses the pote
environmental ad human health effects arising from th
contaminants observed in sediments and biota from {
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2020 from
https://lwww.es.govt.nz/rep
ository/libraries/id:26gi9ayo
517q9stt81sd/hierarchy/eny
ironment/science/science
summary
reports/contaminans_in_es
tuarine_and_riverine_sedim
ents_and_biota_in_southlar
d_2014.pdf

Jacobs River and New River estuaries and surroun
rivers and provides recommendations for ongoi
monitoring.

historig
Southland

Current and
wetlands  of
Region: Stage 2

Clarkson, B., Briggs, (
Fitzgerald, N., Rance, F
Ogilvie, H.(2011). Current
and historic wetlands o
Southland Region: Stage
Accessed 10 July 2020 fro
https://envirolink.govt.nz/as
sets/Envirolink/903
ESRC23Currentand
historicwetlandsof-
SouthlandRegionStage
2.pdf

Environment Southland contracted Landcare Researc
classify and digitlly map current and historic wetlands
Southland, excluding the Department of Conservat
(DOC) administered wetlands of Fiordland National P¢
and Stewart Island. The project incorporates the recel
completed detailed vegetation data of the DO
administered AwaruaNaituna wetland complex on th
Southland PlainsThe large extent of the loss of wetlan
(90%) in the Southland region study area indicates 1
virtually all remaining wetlands could be consider
significant. Some wetland classes coulld considered
more important than others based on the extent of lo
with the order of significance bein
swamp>marsh>fen>bog.

Measurement of Impacts o
Introduced Pest Animals o
Indigenous Biodiversity
Values in Southland

Coleman J.D.,and Norbury,
G. (2006) Measurement g
Impacts of Introduced Pes

Animals on Indigenou
Biodiversity  Values i
Southland

Methods for monitoring the impact of vertebrate pe
animal control on the biodiversity of indigenous flora a
fauna were investigated by abhdcare Research fg
Environment Southland Monitoring the effects of
vertebrate pest control undertaken by community grou
Ay {2dziKflFyRQa NBYYlyd ylI
techniques that are reasonably robust and cefficient,
and areeasy to use

Faecal indicator bacteria i
New Zealand freshwate
fish: a pilot study

Coxon, S., Harding, J. S.,
Gilpin, B. (2019). Faec
indicator bacteria in New
Zealand freshwater fish:
pilot study. New Zealan
Journal of Marine ang
Freshwater Resach, X 10.

Recent studies have suggested that poikilothermic anim
such as fish, may represent a previously overlooked so
of the faecal indicator bacteria (FIB) used for t
assessment of water quality. However, quantitative stud
of FIB in poilkotherms are scarceThis studyinvestigated
the presence of FIB in the faeces of five freshwater

speciesThe findings suggest that FIB ingested from t
environment may be capable of replication within the fi
gut, making fish a potential sourcend transport
mechanism for FIB in New Zealand freshwaters.

A Directory of Wetlands i
New Zealand.

Cromarty, P., and Scott [
(1996). A Directory o
Wetlands in New
Zealand. Department of
Conservation,  Wellington
New Zealand. Accesset3

This report summarizes the general situation ofet
wetlands in New Zealand, and provides information on
institutional and legal base for wetland conservation g
research. Then follows a series of accounts of th
wetlands, grouped according to Department

Conservation Conservancies, which arewnar thought
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July 2020 from
https://www.doc.govt.nz/gl
obalassets/documents/scie
ceand
technical/nzwetlands13.pdf

to be of greatest importance from the point of view
nature conservation. The site descriptions include bg
information on size and location, physical featur
ecological features, ownership, degree of protection, lg
use, threats andanservation values.

Late  Quaternary  rivel
drainage and fish evolution
Southland, New Zealand

Craw, D., Burridge, C
Anderson, L., & Waters, J.
(2007). Late Quaternary rive
drainage and fish evolution

Southland, New Zealanq
Geomorphology,  84(2),
98¢110.

Late Quaternary to Holocene landscape evolution
southern New Zealand was dominated by glacial outw
processes. Evolution of the drainage network on a regig
scale was punctuated by numerous river capture eve
associated with outwash traport and deposition. Rive
capture events can be inferred from geological 3
topographic observations throughout the regio
Independent evidence for river capture and draina
reorientation can be obtained from genetic studies of
freshwaterlimited fish Galaxias¥a 2 dzii K S NJ/
name). Geological and genetic data in combinati
provide powerful tools for the elucidation of local ar
regional geomorphic evolution where river capture is
important process. The potential is strong for genetic d
alone to provide information on the relative and absoly
timing of river capture events, but must be interpreted
the context of severance of water connections betwe|
catchments and subsequent isolation of freshwat
limited populations

The Ecologidé&ffects of Beg
Relevelling on the Wairi
Stream

Dare J. and Allibone R.
(2016) The  Ecologicd
Effects of Bed Relevelling g
the Wairio Stream. Accesse
14 July 2020  from
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy.
document
library/reports/science
reports/Wairio%20Stream%
20Ecological%20Impact%?2

Environment Southland caed out a before after control
impact (BACI) studprior to lowering the bed of Wairio
Stream in western Southlan#fyke net data showed tha
large brown trout and long fin eels dispersed away fr
the treatment reaches following #fevelling, and th&rout
Habitat Quality Index (THQlyork suggested that re
levelling had a substantial impact on the occurrence
adult brown trout habitat. However, the juvenile THQI w
not affected due to juvenile lown trout preferring to
reside in shallow water habitat, similar to that created
the re-levelling process. Impacts on spawning habitat wi
uncertain, but spawning in #evelled reaches is likely t
be reduced as fewer large brown trout are support

0f%20Stream%20Re following the channel works.

levelling.pdf
Freshwater biodiversity| Dudgeon, D., Arthington This article explores the special features of freshwg
importance, threats, statu§ A.H., Gessner, M.Q| habitats and the biodiversity they support that makes the

and conservation challenge

Kawabata, Z.1., Knowler, D.
Lévéque, C., Naiman, R,
PrieurRichard, A.H., Sotq
D., Stiassny, M.L. an
Sullivan, CA, 200¢
Freshwater biodiversity
importance, threats, statug

and conservation challenge

especially vulnerable to human activities. Threats to glg
freshwater biodiversityoverexploitation; water pollution;
flow modification; destruction or degradation of habitg
and invasion by exotic species. They advocate contin
attempts to check species loss but, in many situations, (
adoption of a compromise position of managem for

biodiversity conservation, to provide a viable letegm

basis for freshwater conservation. Recognition will reqy
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Biological
pp.163182.

reviews 81(2),

adoption of a new paradigm for biodiversity protection a
freshwater ecosystem management WNB O 2 y (
SO2t238Qo

Conservatio status of New
Zealand freshwater fisheg
2017.

Dunn, N.R., Allibone, R.M
Closs, G.P., Crow, S.K., Da
B.O., Goodman, J.M
Griffiths, M., Jack, D.C., Lin
N., Waters, J.M., Rolfe, J.
(2018); Conservation statu
of New Zealand freshwate
fishes, D17. Department of
Conservation.New Zealand
Threat Classification Serig
24

DOC report explaining the conservation status of N
Zealand freshwater fish.

Guide to the way thal

Environment Southlang

Description of the classification and monitori

Environment  Southlang¢ (2020). Southlands| programme forestuaries in Southland.
monitor estuary health. | monitored estuaries: A
Guide to estuary
ecosystem health
monitoring.
Environment Southlang Ewans, R. (2018] This project expanded oran earlier 2011 wetland
Wetland Inventory and Environment Southlang inventory in Southlangto monitor wetlands on noipublic
Monitoring Project Wetland Inventory and conservation lanénd to monitor recent changes in exten
Monitoring Project.

Accessed 13 July 2020 fro
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy
document
library/reports/science
reports/ES%20Wetland20|
nventory%20and%20Monit(
ring%20Project%20final%?2
report%202018.pdf

histac
Southlang

Current and
wetlands  of
Region: Stagé

Fitzgerald, N.Clarkson, B.
Briggs, C., (2@. Current
and historic wetlands o
Southland Region: Stage
Accessed 10 July 2020 fro
https://envirolink.govt.nz/as
ses/Envirolink/754
ESRC22Currentand
historicwetlandsof-
SouthlandRegionStage
1.pdf

Environment Southland contracted Landcare Researc
classify and digitally map current and historic wetlands
Southland, excluding the Department of Conservat
(DOC) administered wetlands of Fiordland National Pé
and Stewart Island. The project incorporates the recel
completed detailed vegetation data of the DO
administered AwarudWaituna wetland complex on th
Southland Plaind.arge probability errors imithe extent
and type of wetlands predicted by th&Vetlands of
National Importance maps were identified.

66


https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/ES%20Wetland%20Inventory%20and%20Monitoring%20Project%20final%20report%202018.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/ES%20Wetland%20Inventory%20and%20Monitoring%20Project%20final%20report%202018.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/ES%20Wetland%20Inventory%20and%20Monitoring%20Project%20final%20report%202018.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/ES%20Wetland%20Inventory%20and%20Monitoring%20Project%20final%20report%202018.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/ES%20Wetland%20Inventory%20and%20Monitoring%20Project%20final%20report%202018.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/ES%20Wetland%20Inventory%20and%20Monitoring%20Project%20final%20report%202018.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/ES%20Wetland%20Inventory%20and%20Monitoring%20Project%20final%20report%202018.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/ES%20Wetland%20Inventory%20and%20Monitoring%20Project%20final%20report%202018.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/ES%20Wetland%20Inventory%20and%20Monitoring%20Project%20final%20report%202018.pdf
https://contentapi.datacomsphere.com.au/v1/h%3Aes/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/document-library/reports/science-reports/ES%20Wetland%20Inventory%20and%20Monitoring%20Project%20final%20report%202018.pdf
https://envirolink.govt.nz/assets/Envirolink/754-ESRC221-Current-and-historic-wetlands-of-Southland-Region-Stage-1.pdf
https://envirolink.govt.nz/assets/Envirolink/754-ESRC221-Current-and-historic-wetlands-of-Southland-Region-Stage-1.pdf
https://envirolink.govt.nz/assets/Envirolink/754-ESRC221-Current-and-historic-wetlands-of-Southland-Region-Stage-1.pdf
https://envirolink.govt.nz/assets/Envirolink/754-ESRC221-Current-and-historic-wetlands-of-Southland-Region-Stage-1.pdf
https://envirolink.govt.nz/assets/Envirolink/754-ESRC221-Current-and-historic-wetlands-of-Southland-Region-Stage-1.pdf
https://envirolink.govt.nz/assets/Envirolink/754-ESRC221-Current-and-historic-wetlands-of-Southland-Region-Stage-1.pdf

Duckling survival and habitz
selection of brooerearing
mallard (Anas
platyrhynchos) females ii
Southland, New Zealand

Garrick, E. (2016). Duckli
survival and habitat
selection of brooerearing
mallard (Anas
platyrhynchos) females i
Southland, New Zealan
(Thesis, Master of Science
University of Otago.

Southland has been long recognized as a productive

for mallard ducks (Anas platyrhynchda) New Zealand
Populations have declined in recent years, and th
declines have coincided with an increased intensity
conversion of sheep and deer farms into pastoral da
farms. The results show that duckling survival is low
Southland relatived estimates using similar methods fro
North America. Further, dense nesting cover is selecteq
by broodrearing females, but translated into lowe
duckling survival. Narrow, linear, small patches of de
nesting cover could support a greater abundanck
predators, or enable greater foraging efficiency

predators. Mallard females might be selecting habitat
maximise another aspect of their life history (e.g., ad
female survival, nest success) at the expense of ducl
survival

Duckling survival of mallard
in Southland, New Zealand

Garrick, E.J., Amundson, C
Seddon, P.J. (2017) Duckli
survival of mallards in
Southland, New Zealang
The Journal of Wildlifg
Management. Vol.81, p.858
867.

¢ KS a2dzi KSNY L2 NI Soatly IslghFis
productive area for mallards (Anas platyrhynchos) des
a notable lack of permanent or seqpérmanent wetlands.
Most broods are reared in pastures that may or may not
flooded with ephemeral water. In recent years, there I
been anincreased conversion from continuous to spora
grazing that has resulted in a functional change in
emergent and upland vegetation available for broo
Duckling survival was unaffected by pasture type
increased with duckling age, the presenceephemeral
water, and with greater distance from the neare
anthropogenic structure. Survival was lower for broods
second year (SY) females than for broods of essond
year (ASY) females, in areas with more dense cover,
when ducklings moved, onaverage, greater daily
distances. Cumulative 3flay duckling survival range
from 0.11 for ducklings of SY females without ephemé
water present to 0.46 for ducklings of ASY females
ephemeral water present. Therefore, increasing availg
seasonalwater sources may increase duckling survi
Further, narrow, linear patches of dense cover presen
the study could support a greater abundance of predat
or increase their foraging efficiency. As such, manag
could consider increasing patch sizes of dense cove
reduce predator efficiency, and employing predat
removal in these areas to improve diicly survival.

Habitat for female
longfinned eels in the Wes
Coast and Southland, Ne|
Zealand

Graynoth E. and Niven, |
(2004). Habitat for femalg
longfinned eels in the Weg
Coast and Southland, Ne
Zealand. Science fq
Conservation. Vol. 238.

Longfinred eels (Anguilla dieffenbachii) are endemic &
widely distributed throughout New Zealand. They used
support significant Maori fisheries and were present
very high numbers in most waters. In recent times, land
changes, dams, and commercial fighihave reduced the
stocks of large female longfinned eels and, as
consequence, the level of recruitment of juvenile eels
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New Zealand may be declining. The objectives of this s
were to estimate the amount of habitat present for ady
and large ferale eels in lakes and rivers; and the amo
of habitat in waters exposed to and protected fro
commercial fishing in the Southland and West Cg
Conservancies of the Department of Conservation (D
About 7% of riverine habitat and 26% of lake habita
totally protected in DOC reserves. However, beca
reserves tend to be concentrated in higbuntry and
inland regions which support low densities of eels, 1{
amount of longfinned eel habitat in New Zealand that
protected within DOC reserves is paiily less than 10%
Therefore previous concerns about the adequacy
reserves for longfinned eels are still justified and additio
measures may be required to ensure the stock is mang
on a sustainable basis.

Spawning escapement (
female longfin ed.

Graynoth, E.; Jellyman, O
Bonnett, M. (2008).
Spawning escapement (
female longfin eels. Ney
Zealand Fisherie
Assessment Report 2008/]
57p.

The objective of this study was to determine the adequ
of reserve areas closed to commercial fishing foe

survival and escapement of female longfin eels (Ang
dieffenbachii). About 7% of the present tonnage of long
eels is in waters that are closed to commercial fishing

have safe egress for migrant females. Another 17%

waters that are pro¢cted in their upper reaches but whe
migrant females could be fished downstream, and
further 25% is located in small streams that are rar
fished. Therefore about 49% of the total tonnage of €
either in reserves or in streams that are rarely figh
Hydro dams have reduced eel access to waters that ¢
support over 6000 tonnes of longfin eels. Both compu
models and field studies indicate that relatively few lar
female eels are left in fished areas and female escapen
is derived mainly (80¥4rom reserves and unfished smg
streams. Current escapement is probably less than 20
historical levels that existed in the 1930s before the st
of hydro dam construction and commercial eel fishing
there is no compensatory improvement in sulivates,
persistent declines in recruitment could rapidly reduce

stocks and escapement to low levels.

Drivers of Estuary Ecologic
Health and Water Quality it
the Southland Region

Green, M. 2015).Drivers of
Estuary Ecological Heal
and Water Quality in the
Southland RegionNational
Institute of Water &
Atmospheric Research Lt
report. Accessed16 July
2020 from
https://lwww.es.govt.nz/rep
ository/libraries/id:26gi9ayo

517q9stt81sd/hierarchy/dog

This reportreviews the way nutrients and fine sedimen
cause adverse effects in estuariesSouthland and then
review the drivers
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ument
library/reports/science
reports/Drivers%200f%20E
tuary%20Ecological%20He
th%20and%20Water%20Ql
ality%20in%20the%20south
and%20Region.pdf

The effects of macrophyts
control on freshwater fish
communities and watet
quality in New Zealan(
streams

Greer, M. J. C. (2014). TI
effects of  macrophyte
control on freshwater fish
communities and watel
quality in New Zealang
streams (ThesisPoctor of
Philosophy). University @
Otago. Retrieved from
http://hdl.handle.net/10523
/4869

The ecological effects of macrophyte removal on N
Zealand's stream ecosystems are not well understood.
thesis investigated how native fish abundance &
diversity are impacted by mechanical excavation
macrophytes, and examined the role suspended sedim
and dissolved oxygen play in driving changes in commu
structure following macrophyte removalhe results of
this study indicate that mechanical macitoge removal is
likely to cause significant adverse impacts on {
communities in New Zealand waterways.

Southland
Strategy.

Protection

Harding, M.A.  (1999)
Southland Protection
Strategy. A Report to th
Natural Heritage  Fung
Committee. Accessed 09 Jy
2020 from
https://www.doc.govt.nz/D
ocuments/getting
involved/landowners/natur
e-heritagefund/nhf-
southlandprotection

strategy.pdf

This report assesses the original extent of terrest
indigenous ecosystems in the Southland Conservancy
present extent of those ecosystems, and the extent
which they are protected. It identifies opportunities f
further protection or restoration of indigenou
ecosystems, and identifies relative priorities for t
protection of representative ecosystems.

Microhabitat Models of
Large DriftFeeding Brown
Trout in Three New Zealan
Rivers

Hayes J. W. & Joweftl. G.
(1994)Microhabitat Models
of Large DriffFeeding Brown
Trout in Three New Zealan
RiversNorth American
Journal of Fisherie
Management14:4,710-725

This studyexamined summer habitat use by 189 dri
feeding brown troutSalmo trutta, 4865 cm long (fork
lengh), by measuring substrate, depth, mean veloc
focal point velocity use, and adjacent velocity into wh
fish were feeding in three New Zealand rivéfae authors
compared habitat used with habitat available (simulat
by hydraulic modeling), and deed habitat use, habita
preference, and logistic regression models of hab
selection. Logistic regression and joint habitat preferet
models were better predictors of suitable habitat in tk
rivers for which they were developed than were joi
habitat use models. However, joint habitat use models i
be more general, because, unlike logistic regression
joint habitat preference models, the predictive success
transferred joint habitat use models was similar to that
models tested on the riveof which they were developed
Combinedriver habitat use, habitat preference, an
logistic regression models are presented for geng
habitat management applications when habitat criteria g
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not available for specific rivers.

Status of WeedBiological
Control Agents in Southlang

Hayes L. (2007), Status @

Weed Biological Contrg
Agents in Southland
Landcare Research

Accessed 10 July 2020 fro
https://envirolink.govt.nz/as
sets/Envirolink/319
ESRC118.pdf

This report checked the status of weed biocontrol age
in Southland. The establishment success of thietlew
similar trends to the rest of New Zealandlimate
conditions have nobeen a major obstacle to estasii
agents. A considerable number of release sites be
destroyed has affected establishment succeddore
investment will be required to completebiocontrol
programmes and reap the benefits.

Can Weighted Useable Arg
Predict Flow Requirement
of Drift-Feeding Salmonids
Comparison with a Net Rat

Hayes, W., Goodwin E,
Shearer, KA., Hay J, and
Kelly, L.(2016)Can
Weighted Useable Are

This studycompared a proceskased invertebrate drift
and driftfeeding net rate of energy intake (ER model
and a traditional hydraulibabitat model (using the
RHYHABSIM [River Hydraulics and Habitat Simula

of Energy Intake Mode Predict Flow Requirement software program) for predicting thiéow requirements of
Incorporating DriftFlow | of Drift-Feeding Salmads? | 52-cm Brown TrouSalmo truttain a New Zealand rive
Processes Comparison with a Net Rat Predictions for the relatioghip between weighted useabl
of Energy Intake Modeg area (WUA) anflow were made for three sets of drift
Incorporating DriftFlow | feeding habitat suitability criteria (HSC) developed
Processeslransactions of three midsized and one large New Zealand river (tbv
the  American Fisherie| sampling was 2@1.6 m3/s and ~100 m3/s, respectivel
Society,145:3,589-609 and the South Platte River, Colorado (flatvsampling, €
18 ma3/s). Overall, WUA appears to underestim
the flow needs of driftfeeding salmonids. The NREI mo
showed that assessirfpw needs of driftfeeding fish is
more complex than interpreting a W\dfow relationship
based only on physical habitat suitability. The relations
between predicted fish abundance afldwis an
emergent property oflow-dependent driftforaging
dynamics interacting witflow-dependent  drift
concentration and drift flux, lad depletion of drift by
feeding fish, andlow-related replenishment of drift from
the bed and dispersion.
Habitat use by southery Hoare, M., Melgren P., & | Basic biological information is critical to evaluati
forest geckos| ChavelEE (2013)Habitat | conservation requirements for native taxa, bt lacking
6azl 2LANRNI | |use by southern fores| for many cryptic New Zealand lizard species. Sout
C2NBaidQo A Y | geckos forest geckos (Mokopiriraka® { 2 dzi K SN} C2 |

Southland

(Mokopirirakau¥ { 2 dzii K

C2NBadQu AY
Southland New Zealand
Journal of

Zoology40:2,129-136

only from anecdotes, museum specimens and discove
of an individual at each of three sites during recent surv,
in the Catlins. Mst geckos were found by searching
02dz RSNJ dzaSR | a | RA dzNYy
(Leptospermum scoparium). Two geckos were ra(
tracked; both remained within 5 m of capture ar
exhibited primarily nocturnal behaviour. We recomme
further survey wak to identify populations and monitorin
to evaluate the need for conservation intervention.

Riparian and tuna habita
quality in the tributaries of

Holmes R, Goodwin E, Allg
C 2015. Riparian and tun
habitat quality in the

This report applied a broasicale stream habitamapping
protocol (BSHMP) to thetributaries of Waituna
Lagoor 2 | A LJOMERNJIiparian habitat in most of th
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Waituna Lagoon, Southlang

tributaries  of  Waituna
Lagoon, Southland. Preparg
for Department of
Conservation/ Fonterrg
partnership: Living Wate
programme. Cawthror
Report No. 2587. 44 p. plu
appendices

catchment can be considered to be in averaggood
condition. In general, istream habitat condition for tung
in the catchment can be considered pgarerage. Bank
in reactes where stock have access to the stream edge
significantly less stable than reaches that have full stg
exclusion fencing.

Longfin tuna and browr
trout habitat quality indices
for interpreting habitat
quality score data

Holmes, R 2016.Longfin
tuna and brown trout
habitat quality indices fo
interpreting habitat quality
score data. Prepared fqg
Environment Southland

Envirolink No0.1632
ESRC161. Cawthron Rep
No. 2843. 7 p. plu
appendices.

This reportadds value to theHabitat QualityScore (HQS
method by providing a technique to calculate fish habi
quality indices based on data collected using the H
protocol. The HQS tuna and trout habitat parameter scq
are derived from existing literature reviews and fish hab
quality indces which are documented in the Breadale
Stream Habitat Mapping Protocol report series.

Mechanically reshapin
stream banks alters fisl
community composition.

Holmes, R. J., Hayes, J.
Closs, G. P., Beech, M., Jg
M., & Matthaei, C. D. (2019
Mechanically reshaping
stream banks alters fis
community ~ composition,
River Research an
Applications.
doi:10.1002/rra.3407

Mechanically reshaping stream banks is a common prac
to mitigate bank erosion in streams that have be
extensively channelisednd lowered for land drainage.

common perception regarding this activity is that fi
populations will be largely unaffected, at least in the sh
term, because the lovilow wetted channel remains
undisturbed. However, the response of fish populations
this practice has rarely been quantitatively evaluated. 1
results suggest that, even in highly modified stre
channels, further bank modification can reduce instre
habitat quality and displace eels for at leastyear.
Managers shoul&éndeavouro use bank erosion contro
measures that conserve barddge cover, especially i
streams with populations of anguillid eels, because th
fish are declining globally.

Fire in wetlands and scru

vegetation:  studies  in
Southland, Otago, ant
Westland.

Johnson P.N. (2005). Fire i

wetlands and scrul
vegetation: studies in
Southland, Otago, an

Westland. Department of
ConservationResearch ang
Development Series 215
Accessed 13 July, 20 from
https://www.doc.govt.nz/gl
obalassets/documents/scie
ce-and
technical/drds215.pdf

Increased fire frequency since human arrival in N
Zealand has led to impacts on wetlands and sc
vegetation that are an issue for cargation management
This report describes studies in a selection of South Is
sites, documenting patterns of vegetation recovery aff
fire, the roles and growth characteristics of manu
(Leptospermum scoparium) in figrone vegetation, fire
inducedchanges to wetland communities, and the role
fire in encouraging invasion by weeds. Management of
and vegetation are discussed, and comments made
avenues for future research.

Models of the Abundance 0
Large Brown Trout in Ney

Jowett, 1.G.(1992)Models of
the Abundance of Larg
Brown Trout in New Zealan

Multiple-regression models of the abundance of bro
trout Salmo truttalarger than 200 mm total length wer
developed from combinations of hydrological, catchme
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Zealand Rivers

RiversNorth American
Journal of Fisherie
Management12:3,417-
432,

(89 sites), physical (59 sites), water quality, and ben
invertebrate biomass (43 sitespriables in New Zealan
rivers. Three hydrological and catchment variab
explained 44.4% of the variation in trout abundance, ¢
benthic invertebrate biomass alone explained almost 4
Together, invertebrate biomass and weighted usable a
(WUA) for adult brown trout driftfeeding habitat
explained 64.4% of the variation in trout abundantée
model best suited to the application of the instream flg
incremental methodology (IFIM) explained 87.7% of
variation in brown trout abundance at 59 site3wo
variables were calculated with flow data: WUA for fo
production at median flow and WUA for adult brown tro
drift-feeding habitat at mean annual low flowhis study|
demonstrates that WUA is an important determinant
adult brown trout abundancetefuting one of the major
criticisms of IFIM.

Flow regime requirement

and the biological
effectiveness of habitat
based minimum flow

assessments for six rivers.

Jowett, I.G. and BiggB,J.F.

(2006)Flow regime
requirements and  the
biological effectivenss of
habitat based minimum

flow assessments for si
rivers,International Journa
of River Basin
Management4:3,179-189

Sustaining instream values when there is demand for ¢
of stream water use is challenging for water resou
managers and often theris considerable debate about th
methods used to assess flow requiremen
Recommendations for flow regime requirements f
benthic invertebrates, trout and indigenous fish we
made using instream habitat analyses in six New Zea|
rivers. We review th results of studies that were carrie
out to examine the response of aquatic communities to {
flow changes. Although the biological data may not
scientifically rigorous in all cases, the weight of evide
from the various sources indicates that inobt of the 6
cases, the biological response and the retention of des
instream values, was achieved using the habitased
methods for setting flows.

A calibrated ecologicg
health assessment  fo
Southland lakes

Kelly D, Schallenberg N
Waters SShearer K, Peacod
L 2016. A calibrate
ecological health assessme
for Southland lakes
Prepared for Environmen
Southland. Cawthron Repo
No. 2832. 56 p. plu
appendices

This study aimedto review existing frameworks fg
assessing ecologicatonditions in lakes and select
framework which may be developed to use for assess
lakes in the Southland regiprio develop the selected
framework into a robust system which is calibrat
nationally using lake typology and which spans the ra
of anthropogenic pressuresand b assess the ecologic
O2yRAGAZ2Y 2F {2dz2iKfl yRQ&
framework. The Southland shallow lakes scores ran
from Excellent to Fair depending on the type
aggregation usedlhe Ecological Integrity métrscores for
the Southland deep lakes Te Anau and Manapouri W
scored in the Excellent to Good range.

Data and literature review
on South Island river
affected by the invasive nen
indigenous alge

Kilroy, C. (2008); Data ar
literature review on South
Island rivers affected by th
invasive norindigenous algg

Review of
geminate

information available orDidymosphenia
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Didymosphenia geminate

Didymosphenia geminate
NIWA Client Report
CHC200®78

Didymo in New Zealand te
years on

Kilroy, C. (2014); Didymo
New Zealand ten years ol
NIWA Newsletter:
https://www.niwa.co.nz/fre
shwaterand
estuaries/freshwaterand-
estuaries
update/freshwaterupdate-
62-september
2014/didymain-new-
zealandten-yearson

Review of status obidymosphenia geminat#0 years on
from initial discovery.

Wild ungulate impacts an(
management in lowland
sites in Southland Region

Latham AD.M., Cradock
Henry, N., Nugent, G
Warburton B.,, and Byrom,
A. (2012) Wild ungulatg
impacts and management i
lowland sites in Southlan
Region. Accessed 10 Ji
2020 from
https://envirolink.govt.nz/as
sets/Envirolink/1033
ESRC24Wild-ungulate
impactsand-management
in-lowlandsitesin-
Southland.pdf

This reportsummarises the state of knowledge about t
current ecological status of wild ungulates (wild deer, fe
pigs, and feral goats) in lowland areas in the Southl
Region, the impacts that these species can have on ng
biodiversity, and options for managy expanding wild
ungulate populations.

A review of the damage
caused by invasive will
mammalian herbivores tc
primary production in New
Zealand

Latham AD.M.,M., Latham,
M.C.,Norbury, GL, Forsyth
DM. & WarburtonB.
(2020)A review of the
damagecaused by invasiv
wild mammalian herbivores
to primary production in
New ZealandNew Zealand
Journal of Zoologwy7:1,20
52

Wild mammalian herbivores can compete with domes
livestock and damage other types of production syste
This paper reviewed aimmage by wild mammalia
herbivores, excluding rodents, to primary production
New Zealand and assessed whether primary produ
alter stocking rates in response to changes in for
availability following pest control. The process that prim
producers use to decide whether to control wil
mammalian herbivores includes complex social ¢
economic factors, but quantitative information

important for weighing up the expected costs and bene
of pest control. However, it is unclear how prima
producess manage livestock in response to increases
forage availability following pest control.

An ecological survey of th
central part of the Eyre
Ecological District, northeri
Southland, New Zealand

Mark, A.F.Dickinson, K.J.M
Patrick, B.H. Barratt, B,
Loh, G. McSweeney, G.D
Meurk, C.D.Timmins, S.M.
SimpsonN.C, & Wilson J.B.
(1989)An ecological surve

A Protected Natural Areas (PNA) type multidisciplin
survey of ¢. 30,000 ha in the central part of thd 97,500
ha Eyre Ecological District (Mavora Ecological Regio
January 1987 provided data from samples of indigen
beech forest, shrubland, grassland, herbfield, fellfie
bluff, scree and snowbank. The study revealed a W
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of the central part of the
Eyre Ecological Distric
northern Southland, New
ZealandJournal of the Roya
Society of New
Zealand19:4,349-384

spectrum of biological features that are current
unrepresented in reserves and not duplicated in oth
Crownowned parts of the District. A Recomnuad Area
for Protection (RAP) of c. 33,000 ha was identified an
documented. It embraces an extensive upland &
mountainous area with very high biological, ecologic
geomorphological, scenic and recreational valu
Completion of the Eyre Ecologidalstrict PNA survey i
recommended.

Description and
redescription of Galaxia
species (Teleostei

Galaxiidae) from Otago an
Southland

McDowall R. M. &
Wallis G.P.
(1996)Description and

redescription
of Galaxiaspecies
(Teleostei: Galaxiidae) from

Otago and
SouthlandJournal of the
Royal Society of Ney

Zealand26:3,401-427

There are two distinct genotypes and morphotypes of f
belonging toGalaxias vulgariStokell (sensu lato) i
narrow sympatry in Healy Stream, a tributarytbé Kye
Burn in the Taieri River system, northeastern Ota
Therefore the present taxonomy of the speci
misrepresents the diversity of these fisfiree species are
recognised and described or redescribed, on the basi
morphological and genetic evadce

Effects of riparian grazini
and channelisation  or
streams in Southland, Ney
Zealand. 2. Benthif
invertebrates

Quinn, J.M., Williamsgn
R.B.Smith R.K.& Vickers
M.L.,(1992) Effects of
riparian grazing and
channelisation on streams i
Southland, New Zealand. 2
Benthic invertebrates, New
Zealand Journal of Marine
and Freshwater Research,
26:2, 259273

A survey of benthic invertebrate faunas in riparia
protected, ripariangrazed, and channelised reaches of fi
Southland streams with tehment sizes of 87 km2was
carried out. In small streams (catchment aregd@kmz2;

widths 1¢4 m), channelisation or intensive grazing by ca
greatly reduced shading by riparian vegetation, resultin
substantial increases in daily maximum temperas

during summer. Channelisation also caused gross chal
in channel morphology and intensive grazing of a re
with moist streamside soils was associated with increa|
bed sedimentation and bank damage. Marked change
invertebrate communities wer associated with these
habitat modifications. These results indicate that in sn
streams, with median natural channel widths below c. 6
the effects on benthic invertebrates decrease in t
following order, channelisation > intensive grazing

cattle > extensive grazing by cattle and/or sheep. Sh
provided by riparian vegetation appears to play a vital r
in maintaining cool, headwater, stream habitats f
benthic invertebrate communities in these streams.

Satellite tracking of kerert
(Hemiphaga
novaeseelandiae) Ii
Southland, New Zealanc
impacts, movements an(
home range

PowleslandRG,
Moran, LR, and
Wotton, D.M.

Satellite tracking of kerer

(Hemiphaga
novaeseelandiae) i
Southland, New Zealang
impacts, movements an
home range. NewZealand

Journal of Ecology (201]

Satellite transmitters (PTTs) were attached to four ker
(New Zealand pigeon, Hemiphaga novaeseelandiae
Invercargill, Southland, New Zealand, during 2@#b The
transmitters were used to monitor th& A NR & Q
movements and home ranges. Given the lafigtance
movements kereru make, often to locations distant frg
roads and tracks, satellite telemetry is probably the m
reliable and coseffective method of determining thei
locations.
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Broad Scale Intertidal
Habitat Mapping of Awaruzg
Bay

Robertson, B., Stevens,
Thompson, S, an
Robertson, B.2004).Broad
Scale Intertidal Habita
Mapping of Awarua Bay
Cawthron Report No. 941
Accessed 16 July 2020 fro
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy.
document
library/reports/science
reports/Broad%20Scale%?2
ntertidal%20Habitat%20Ma
pping%200f%20Awarua%?2
Bay%202004.pdf

This report summarises the results of a detailezdnp-in-
time, spatial survey of major habitats in the intertid
regions of Awarua Bay, the estuary arm that extends ¢
from Bluff Harbour.

Broad Scale Intertidq
Habitat Mapping of Bluff
Harbour

Robertson, B., Stevens,
Thompson, S, an
Robertson, B. (2004). Brog
Scale Intertidal Habita
Mapping of Bluff Harbour
Cawthron Report No. ™
Accessed 16 July 2020 fro
https://contentapi.datacom
sphere.com.au/vl1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt8%d/hierarchy/
document
library/reports/science
reports/Broad%20Scale%?2
ntertidal%20Habitat%20Ma
pping%200f%20BIluff%20H:
bour%202004.pdf

This report summarises the results of a detailed pamt
time, spatial survey of major habitats in the intertid
regiors of Bluff Harbour

Loss of wetlands since 199
in Southland, New Zealand.

Robertson H.A., Ausseil A.,
RanceB., BettsH., and
Pomeroy E. (2019) Loss of
wetlands since 1990 i
Southland, New Zealang
New Zealand Journal
Ecology(2019)43(1):3355

This studyinvestigatel recent (post 1990) changes
wetland extent to determine if current rates of wetlan
loss remain a concern for natural resources managem
Of the 32,814 ha of wetlands assessed across South
3,452 hawere no longer present in the landscape and
further 3,943 ha were at risk.

Development Guidelines fo
a Biological Resource
Database for Environmen
Southland's High Value
Area Programme

Rutledge, D. and Spencer,
(2007) Developmen
Guidelines fora Biological
Resources Database f
Environment  Southland'
High Values Are;

The High Values Area (HVA) programme is a volun
programme in which landowners nominate their sites

AyOtfdzaAaz2yd® ¢KAA& NBLRZNI |
information needs for HVA programme and recommer
development guidelines for a regional biolaglicesources
database to meet, first, the needs of the HVA program
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Programme. Accessed 1
July 2020 from
https://envirolink.govt.nz/as
sets/Envirolink/153
ESRC206.pdf

while considering, second, broader and longer term cou
needs related to policy development, resour
management, and reporting.

Diet of feral ferrets (Mustele
furo) from pastoral habitats
in Otago and Southland, Nej
Zealand

Smith, G.R. Ragg J.R,
Moller, H. & WaldrupK.A.
(1995)Diet of feral ferrets
(Mustela furo) from pastora

habitats in Otago ang
Southland, New
ZealandNew Zealand

Journal of

Zoology 22:4,363-369

In New Zealand, the ferret (Mustela furo) preys upon, ¢
therefore could be threatening, some endemic species
may be involved in the transmission of bovine tuberculg
(Mycobacterium bovis) to domestic stock. The diet of {
ferret was studied from ey remains in the digestive tract
of 277 livetrapped animals from Otago and Southlarn
Lagomorphs constituted 77% of the diet by weight &
were identified in 65% of the ferrets sampled.
lagomorphs are such important prey, rabbit conti
operations nay result in shorterm increased predatior
on endemic species; and/or increased consumption
species that serve as a source of infection of Tb
possums and possibly hedgehogs); and/or a lterg
decline in the density of ferrets.

A survey of
maaoinvertebrate
communities in seventeel

South Island lakes

Stark, J.D. (1993). A survey
macroinvertebrate

communities in seventeel
South Island lakes. Preparg
for the Electricity
Corporation of New Zealang
Cawthron Report No. 229. 3

p.

Survey of maainvertebrate communities in South Islar
lakes

Broad Scale Subtidal Habit
Mapping of Bluff Harbour

Stevens, Land Clarke, M
(2004).Broad Scale Subtids
Habitat Mapping of Blufi
Harbour. Cawthron Report
No. 916. Accessed 16 Ju
2020 from
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy
document
library/reports/science
reports/Bluff%20Harbour%?
Osubidal%20report%20%2¢§
Broad%20Scale%20Subtidi
%20Habitat%20Mapping%2
00f%20BIuff%c20Harbour%?
0June%202004%29.pdf

The broadscale habitat mapping approach provide
description of the subtidal environment according
dominant habitat types based on substrateatacteristics
(mud, sand, cobble, rock, etc) and plants and anin
present (e.g. eelgrass, seaweed, shellfish, etc), in ordg
develop a baseline map.

Fortrose (Toetoes) Estual
2016: Broad Scale Substrat
Macroalgae and Seagraf

Stevens, L.M., an
Robertson, B.P. 2017
Fortrose (Toetoes) Estual

This report provides a brief summary of the résuwf the
2016 broad scale intertidal habitat mapping of substrg
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Mapping

2016: Broad Scale Substrat
Macroalgae and Seagra
Mapping. Report prepareq
by Wriggle Coastg
Management for
Environment Southland. 28

macroalgae and seagrass in Fortrose (Toetoes) Estuar

A review of the ecologicg
health and water quality ir|
four Southland estuaries

Townsend, M., and Lohre
D. (2015). A review of th
ecological health and wate
quality in four Southland
estuaries. National Institute
of Water & Atmospherig
Research Ltd report
Accessed 16 July 2020 fro
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:269i9
ayo517q9stt81sd/hierarchy.
document
library/reports/science
reports/A%?20review%200f
%20the%?20ecological%20Hh
alth%2C%?20water%20qual
y%20and%20drivers%20of
20change%20in%20four20
Southland%?20estuaries%2
%20NIWA.pdf

The report includes a relatively detailed review of t
methods, analyses and interpretations of data that hg
been collected in Southland estuaries over a numbe
years, and an evaluation of the relative statustie four
most comprehensively monitored estuaries (Waikay
Fortrose, Jacobs River, and New River).

Multiple-stressor effects on
stream health in Southlang
streams and rivers.

Wagenhoff, A., Matthae
C.D., and Townsend, C.
(2009). Multiplestressor
effects on stream health in
Southland streams an
rivers. A report provided tg
Environment Southland if
fulflment of  Envirolink

medium advice grant.

The aims of this reportvere (i) to present analyses ¢
multiple-stressor effects of nutrients and depositdithe
sediment on macroinvertebrate community indic
commonly used as indicators of stream health by regig
councils, in particular to determine whether causffect
relationships are simple or complex and (ii) to comp
different methods and measuref deposited fine
sediment in terms of their ability to predig
macroinvertebrate community indices but also their co
and timeefficiency. The report found he change in
community structure is the outcome of a combing
multiple-stressor effect. Macroinwertebrate community
indices (MCI, EPT richness and % EPT) are a funct
landruserelated deposited fine sediment on the bed at
nutrient status of the water in streams routinely measur
by Environment Southland. the measurement
suspended inorganisediment (SIS) using the Quorer w
best at accounting for variation in the macroinvertebrg
community indices.

A review of benthic
macroinvertebrate metrics
for assessing strear

Wagenhoff A, Shearer
Clapcott J 2016. A review
benthic macroinvertebrate

Benthic macroinvertebrates have been used for decade
biological indicators of river and stream héealt If
macroinvertebrate indicators are to be included in t
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ecosystem health

metrics for assessing strea
ecosystem health. Prepare
for Environment Southland
Cawthron Report No. 2852
49 p. plus appendices

NPSFM framework then they need to have connection
defined values. Indicators also need to be quantitativ
linked to management options. The currentiged
invertebrate indicators in New Zkand do not have these
links. At present this is the major constraint for use
macroinvertebrate information in NPEM limitsetting
framework, particularly when managing the effects
multiple stressors.

Consequences to threatene
plants and insects of
fragmentation of Southlang
floodplain forests

Walker, S., Rogers, G., Lé
W., Rance, B. Ward, [
Rufaut, C., Conn, A
Simpson, N., Hall, G. arn
Lariviere, M. (2006)
Consequences to threatene
plants and insects 0
fragmentation of Southlang
floodplain forests. Scienc
for Conservation. 265.

The processes of ecosystem fragmentation and tk
effects on persistence of key plant and invertebrate gro
were investigated within remnants of alluvial podoca
forests in Southland, New Zealafitheecological integrity,
of the floodplain ecosystem depends largely on
maintenance of natural hydrological regimes, and th
alteration by drainage and flood control works is likely
have profound effects on community composition
remaining floodplai remnants, and adverse consequend
for the persistence of its rare plant components.

Potential for using &
generalised randor|
tessellation stratified (GRT
survey design to monitol

rabbits in Southland

Warburton B., Williams, M.
(2012) Potential for using &
generalised randon
tessellation stratified GRTS
survey design to monito
rabbits in Southland

Environment Southland (ES) has monitored rak
abundance and population trends across its region si
1997 usinga survey design based on fixed transe
allocated to three strata of rabbit proneness. This pa
NEBASHESR G(KS 0O2dzyOAft Qa O
out rabbit monitoring surveys and assessed the poten
of a new sampling methodology based on a atially
balanced, generalised random tessellation stratifi
(GRTS) desigrto address any deficiences identified in t
current methodology. Conducting the survey within a Gf
framework is unlikely to cost more than the current sury
methodology, andthe advantages provided by GR
outweigh any minimal establishment costs.

Scientific  approach  fo
Southland  Estuaries: i
accordance with the
National policy statement
for Freshwater Managemen
& New Zealand coastal Poli(

statement.

Ward, N (2016). Saidfic
approach for Southlang
Estuaries: in accordance wit
the National policy|
statement for Freshwate
Management & New
Zealand  coastal  Polig
statement. Accessed 14 Ju
2020 from
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy
document-
library/reports/science
reports/Scientific%20approg

ch%20for%20Southland%?2

This document provides clarity around the estuary heaz
programme and collates the review work done to date
achieve lucidity on the further development needed.
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Estuaries.pdf

Mitochondrial DNA|
phylogenetics of the
Galaxias vulgaris comple
from South Island, Ney
Zealand: rapid radiation of
species flock

Waters, J. M., & Wallis, G.

(2001). Mitochondrial DNA
phylogenetics of the
Galaxias vulgaris comple
from South Island, NeV
Zealand: rapid radiation of

species flock. Journal of Fig
Biology, 58(4), 1164.180.

Mitochondrial control region sequence nation was
examined in the&Galaxias vulgarsomplex, a group o
freshwaterlimited galaxiid fishes endemic to South Isla
New Zealand. Molecular clock calibrations suggest
migratory and nommigratory forms, separated by
maximum of 6-4% sequencdivergence, diverged n
earlier than the midate Pliocene. Biogeographic
implications of high diversity (eight lineages) in the so
(OtagoSouthland) and low diversity (one lineage)
central South Island (Canterbury) are discussed.

Finescale hatiat
preferences influence
within-river population

connectivity: a casstudy
using two sympatric Nev
Zealand Galaxias fis
species.

NZ River Maps: A
interactive online tool for
mapping predicted

freshwater variables acros
New Zealand

Waters, J. M., & Burridge,

P. (2015). Finscale habitat
preferences influence
within-river population

connectivity: a csestudy
using two sympatric Nev
Zealand Galaxias fig
species. Freshwater Biolog
61(2), 5L56.
doi:10.1111/fwb.12675

Environmental Data

Booker, D.J. and Whitehea
A.L., 2017, NZ River Map
An interactive online tool fo
mapping predicted
freshwater variables acrog
New Zealand, NIWA
Christchurch, accessed Ju
2020 from
https://shiny.niwa.co.nz/nzr

ivermaps/

Understanding the ecological factors governing populat
connectivity in freshwater systems represents an ongad
challenge for aquati biologists Genetic analysisvasused
to test the hypothesis that finescale habitat preference
can influence withirriver connectivity patterns i
freshwaterlimited fishes. The findirgysuggest that a
combination of mainchannel habitat continuity and hig
water velocity facilitates relatively high connectivity
G.Wa 2 dzii K S NJ/ Q Jollumd{dssN Bopudationd dre
genetically isolated in fragmented lowelocity habitats.
Population canectivity can be strongly influenced K
habitat preference, leading to profound differences in t
phylogeography, diversity and conservatiomatas of
freshwater fish lineages.

Online tool displaying modelled freshwater variables.

Land and Water Aotearoa

Land and Water Aotearo
(LAWA) (2020)
https://www.lawa.org.nz/ex
plore-data/otagoregion/

Summary of environmental monitoring information fro
regional councils and other sources.

Stats NZ Environmental
indicators¢ Groundwate
webpage with  datg
download portal

Stats NZ  Tataurang
Aotearoa (2020) Groun
Water Quality webpage
accessed, and dat
downloaded 20/8/2020.

Summary of groundwater quality across New Zeal
compared to Drinking Water Standards New Zeal
and other and portal for domoading data.
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https://www.stats.govt.n
z/indicators/groundwater

-quality

New Zealand Soils Maps

Manaaki Whenua Landcar
Research (2020

https://soils-
maps.landcareresearch.co.

Z/I#maps

Online maps of soils in New Zealand

Beacon

Environmental

management

Environment Southland
2020, Water monitoring ang
alerts, accessed July 201
from http://gis.es.govt.nz/

Live environmental monitoring data from Environme
Southland

Improving waterway
management through
collaborative research

Coleman, R.A., Bathgate, |
Bond, N., Bos, D., Fletche
T.D., Lovell, B., Morison,

The Melbourne Waterway ResearBhactice Partnershiy
(MWRPPP) is a new model of waterway managen
research, focussing on applied researatd eknowledge

insights from the Melbourng and Walsh, C.J., 201{ exchange. It emphasises active knowledge exchg
Waterway ResearcRractice| Improving waterway| ensuring shared understanding of management proble
Partnership management outomes | and opportunities. The MWRPP has a dual focus o
through collaborative| applied research to underpin the improved managems
research: insights| of urban and rural waterways and R)jowledge exchange
Melbourne Waterway| that integrates research findings and broader science V|
ResearckPractice Melbourne water activities. Knowledge exchange
Partnership. New Sout| incorporated early in the research project developme
Wales and implementation process and planned and delive
with strategic ovesight and coordination by the tw
knowledge brokers, who are responsible for developin
Knowledge Exchange Plan (KEP) that guides key act
on an annual basis. Success depends on commitment g
researchers in communicating outcomes and
commiment of stakeholders to work with the researche
to adopt and use the research outcomes.
Managing freshwatel Controller and  Auditor | w S LJ2 NIi 2y I dzRA G 2 F NB
quality:  Challenges fo| General (2011). Managin| Environment Southland) management and control of Ig
regional councils. freshwater quality:| use for the purpose of maintaining and enhanci
Challenges for regiong frershwater quality.
councils. Office of the
Auditor-General,
Wellington.
Managing freshwater Controller and  Auditor | Report on how regional councils (including Environm
quality: challenges an¢ General (2019). Managin| Southland) manage freshwatguality in their regions.
opportunities. freshwater quality:
challenges and

opportunities. Office of the
Auditor-General,
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Wellington.

Proposed Southland Wate
and Land Plan

Environment Southland (E{
(2018); Proposed Southlan
Water and Land Plan
Regional Plan Document

Regional Water Plan document

Regional Water Plan

Environment Southland (E{
(2010);Regonal Water Plan
Regional Plan Document

Regional Water Plan document

Decision Framework for thy
Management of Lake Taup(

Howard-Williams, C. (2013
[ F1S 2qFyribdtier or
the

worse? Planning for

future. Guardians of Lakg
2nyl 11 0Semimnag
Praceedings

The first early scientific warning trends for Lake Ta
were algal blooms and the greater depletion rate
oxygen. Lake Wanaka currently has low oxygen deple
rate, indicating a healthy state, however because of
long residence time, it i®o late for action once effects ar
clear at surface level. The key thing which came out of
Taupo 2020 consultation was an agreed set of val
which could be relevant to the Lake Wanaka situation
focus of effort was concentrated on the regulatiand
controls required to maintain clear water, particula
minimising nitrogen levels. The current process c
nutrient loads and to reduce N loads by 20% throy
purchasing dairy farms, converting farms etc. Nitrog
trading is still allowed to encoage changes in land us
Lake Taupo serves as an example of the costs neede
install controls once problems are recognised.

Intensification  of  New
Zealand agriculture
Implications for biodiversity

Henrik Moller, Catriona J
MacLeod, Julia Haggert
Chris Rosin, Grant Blackwe
Chris Perley, Sard
Meadows, Florian Weller &
Markus
Gradwohl(2008)Intensificat
ion of New Zealang
agriculture: Implications fo
biodiversity,New Zealand
Journal  of  Agricultura
Research51:3,253
263,D01:10.1080/0028823
0809510453

Working with intensification to identify environmental arn
social gains at the same time as capturing econo
efficiencies is more likely to support biodiversity th
simply attempting to stem or reverse intensification.

The political economy of { WF € 2 a ® 0 H | This paper explores the productivist constructions
productivist agriculture:l economy of a productivis| environmental management by the New Zealand da
New Zealand dairy agriculture: New Zealan( industry in the context of global economic competition a
discourses RI A NE RA a O2 (suggests that despite global pressures of econo
Policy.Vol.32, p.26&79. competition, it is posble to incorporate normaterial
values into farm management provided these ¢

recognised and rewarded
Water quality in New Parliamentary This report is focused on how currechianges in land us
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Zealand: Land
nutrient pollution.

use an

Commissioner  for  the
Environment (2013), Wate
quality in New Zealand: hd
use and nutrient pollution
Accessed 21/11/13, fron
http://www.pce.parliament.
nz/assets/Uploads/PCE
Water-quality-land-use
website.pdf.

are affecting the amounts of nitrogen and phosphor
that end up in fresh water.

Regional  Effluent Lan

Application Plan

Southland Regional Counc
Regional Effluent Lan
Application Plan. Regional
Plan Document.

Regional effluent plan document.

Geomorphology/Geology

Online encyclopedia o©
New Zealand including
description and history o
Southland

Grant, D. (2015
Southland region -
Geology and landformsg
Te Ara- the Encyclopedid
of New Zealand
http://www.TeAra.govt.n

zlen/southland

Brief general introduction to the geology ai
landforms of Southland

Science Geological Map
(2nd ed.)

region/page2
Geological Map of Nev Heron D.W., (custodian] Geological Map of New Zealand
Zealand 1:250,000. GN 2018, Geological Map d

New Zealand 1:250,000. GN
Science Geological Map
(2nd ed.). Lower Hutt, Ney

Zealand.: Institute ol
Geological and  Nuclea
Sciences.

Lowgrade metamorphism
of the Takitimu Group
western Southland, Ney
Zealand

Houghton B.F. (1982)ow
grade metamorphism of the
Takitimu Group, westerr
Southland, New
ZealandNew Zealand
Jourral of Geology ang
Geophysics25:1,1-19

A 14000 m homoclinal sequence of Lower Perm
rhyodacitic to basaltic volcanic, pyroclastic, and epicla
horizons and shallow intrusives in the Takitimu Mountai
New Zealand, is described.

and
Prospec|

Sedimentology
stratigraphy  of

Formation, Te Anau Basi
western Southland, Ney
Zealand

Manville,V.

(1996)Sedimentology  ang
stratigraphy of Prospec
Formation, Te Anau Basi
western Southland, Nev
ZealandNew Zealand
Journal of Geology an

The syntectonic late MiocenePliocene Prospec
Formation, comprising over 3000 m of gravels and sa
forms the uppermost preglacial unit in the central Te Ar
Basin, western Southland, New Zealand. Its inferred d
correlatives, the marine Rowallan Sandstone and

Waewae Formation, lie to the south in the Waiau Ba
These two units are removed from the Waiau Group &
together with the previously ungrouped Prospe
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Landforms chapter in Darb
et al. eds., The Natural
History of Southern Ney
Zealand

Geophysics39:3,429-444,

Craw, D. and Norris, R.
Hnnos W[IYyRT
in Darby et al. eds.The
Natural History of Souther
New Zealand Dunedin:
University of Otago Press.

Formation, are placed in a newly propos
lithostratigraphic unitthe Wilderness Group.

Description of landforms in Southern New Zealand

Introductory paper for NZ
Grasslands conference
Invercargill 2000.

Newson, J. (2000) A
introduction to  the
Southland Region
Proceedings of the Ney
Zealand Grasslan

Association, 62:-3

Introduction to Southland landscape for conferenc

Eyre Creek Mélange: 4
accretionary prism shear
zone mélang in Caples
Terrane rocks, Eyre Cree
northern Southland, New
Zealand

Pound, KS, Norris RJ, and
Landis CA. (2014) Eyre
Creek Mélange: ar
accretionary prism shear
zone mélange in Caplg
Terrane rocks, Eyre Creg
northern Southland, New
ZealandNew Zealand
Journal of Geology an
Geophysics57:1,1-20.

The Eyre Creek Mélange, a naptiorthwest trending 0.§
1 kmwide zone within Caples Terrane rocks in north
Southland, New Zealand, is composed of phyllonite
mylonitic rocks, and idades lenses of spilite, chert an
altered microgabbro. This sheaone mélange (SZM)
enclosed within undifferentiated textural zone IIA Cap
Terrane sandstones (Q10F14L76) that are metamorph
to pumpellyitezactinolite grade. The SZM provides
example of the product of accretionary prism process
that record both sedimentation and deformation durir
subduction accretion.

Geology chapter in Darby ¢
al. eds.,The Natural Histon
of Southern New Zealand

wSl&s ¢o3X  HJ
chapter in Darbyet al. eds.,
The Natural History o
Southern New Zealanq
Dunedin: University of Otag
Press.

Description of geology in Southern New Zealand

Hydrology

hydrogeology
Generalized models g
riverine  fish  hydraulig
habitat

BookerD.J.
(2016)Generalized models
of riverine fish hydraulig

habitat, Journal of

Ecohydraulics]:1-2, 31-49

Physical habitat models are used to relate the availab
of suitable habitat to river flows by describing th
combined availability of depths, velocities and substra
deemed suitable for a species. Field data are often use
calibrate hydraulic models and therefore -calculs
availability of suitable physical habitat over a range of flg
at a site. This paper describes and tests a paramete
then-clusterthen-predict strategy that extends physicg
habitat models across New Zealand. Of the 17 sets
habitat suitability criteria, 12 had predicted habitfow
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patterns that exceeded a set af prioridefined
performance criteria, providing evidence that predictio
were able to distinguish betweesite patterns in
relationships between availability of suitable physi
habitat and flow at unvisited sites.

Hydrochemistry  of the

Southland Region

Daughney, C.; Rissmann,

Friedel, M.; Morgenstern, U
Hodson, R.; vader Raaij; R.
Rodway, E.; Martindale, H
Pearson, L.; Townsend, [
Kees, L.; Moreau, M.; Millal

R.;  Horton, T. 2015
Hydrochemistry  of the
Southland  Region, GN

Science Report 2015/24. 21
p.

This study characterises the chemistry of the groundwa
and surface water resources of the Southland region.
characterisation of hydrochemistry is intended to asg
with the conceptualisation of the regional groundwate
surface water system and inform development
groundwater flow and transport models.

Characterising the surfac
and groundwater
interactions in the
Waimatuku Stream|
Southland

Hitchcock, M. (2014)
Characterising the surfac
and groundwater
interactions in the
Waimatuku Stream

Southland (Thesis, Master
Science).  University @
Otago. Rtieved from
http://hdl.handle.net/10523
/5087

Surface water and groundwater interactions are inherer
complex, include multiple variables, and occur across t
and spatial scales. Understanding the connections
interactions of water resources is ddal to sustainable
water management in New Zealand and mandated un
the National Objectives Framework. The aim of this st
was to characterise the groundwater and surface wa
contribution to the Waimatuku Stream, and identifying tf
spatial and tempral hydrological pathways to streamfloy
In particular, this project investigated whether the Aparir
River provided a source of water to the Waimatuku
subsurface flow pathways.

Under normal flow conditions the Waimatuku Streg
appears to be fed viagroundwater flow derived from
precipitation on the land surface, which infiltrates to th
water table and then percolates to the stream as sugges
by the groundwater flow lines, stable baseflo
geochemical andy13CDIC signature. The Waimatu
Catchmentis groundwater fed from a regional syste
recharged through the land surface and Bayswater b
There was no evidence for inteatchment transfers of
water between the Aparima River and the Waimatu
Stream.

Flow variability in New
Zealand rivers and gt
relationship to instream

habitat and biota

Jowett, I.G. and Duncah.J.
(1990).Flow variability in
New Zealand rivers and it
relationship to instream
habitat and biotaNew
Zealand Journal of Marin
and Freshwater
Research?4:3,305-317

How variabity indices were determined for 130 sites ¢
New Zealand rivers and the sites were divided into gro
based on these indices. Flow variability decreased \
catchment size and area of lake and, to a lesser deg
with catchment slope. Relationships veefound between
flow variability, and morphological and hydrau
characteristics. The longitudinal variability of water dey
and velocity increased with flow variability, indicating
more pronounced pool/riffle structure in rivers with hig
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flow variablity. Mean water velocity at mean annual loy
median, and mean flow was higher in rivers of low fl
variability than in rivers of high flow variability. There we
strong associations with periphyton communities and trg
distribution and abundance and \weak association with
benthic invertebrate communities. Water velocity was t
most important hydraulic variable; it could be linked

changes in water temperature, benthic invertebrate a
periphyton community structure, and trout distributio
and abundace.

Potential evapotranspiratior
method influence on climate
change impacts on rive
flow: a midlatitude case
study

Koedyk, L. P., & Kingston,
G. (2016). Potential
evapotranspiration method
influence on climate chang
impacts on river flow: a mid
latitude case study
Hydrology Research, 47(5
951¢963.
doi:10.2166/nh.2016.152

Projected changes in 21st century climate are likely|
impact water resources substantially, although muy
uncertainty remains as to the nature of such impacts
relatively urder-explored source of uncertainty is th
method by which current and scenario evapotranspirat
(ET) are estimated. Using the Waikaia River (New Zea
as a case study, the influence of a potential ET (R
method is investigated for a scenario of 82C increase ir
global mean temperature (the presumed threshold
WRI y3aISNRdzAQ Of AYF(GS OKIYy
between methods is generally greater than betwe
GCMs, but the reverse is found for runoff. The cause of
reduction in uncertaity from PET to runoff is unclear: th
catchment is not watefimited during the summer half
year, indicating that it is not because of actual ET failin
reach the potential rate.

General description off Mager, S. & Horton, | Research essay on tlobaracteristics and history
history of major | (2018) The Hydrology ¢ the catchment in the southern part of New Zeala
catchments in Southeri Southern New Zealang including Otago and Southland.
New Zealad Chapter in Strack, M

Wheen, N., Lovelock, B

and Carr, A. (2018

Riverscapes: Resear

essays on the sociq

context of southern

catchments of Aotearog

New Zealand.
Synthesising wate| Marapara, T., and Jackson,| This project evaluates whether Convergent Zone Mapy
convergent zones fo| (2017). Synthesising watq can be developedeliably through integrating existin

optimised farm contaminant
mitigation

convergent  zones fo
optimised farm contaminant
mitigation. Accessed 14 Ju
2020 from
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9

ayo517q9stt81sd/hierarchy/

information (high resolution Digital Elevation Mod¢
(DEMS), the River Environment Classification, soil datg
provide a hierarchy oplacebasedpriorities for applying
mitigation strategies. Areas of water converge were
identified to be widespread around the Waitur]
catchment. However, at large scale, priority should
placed where the cumulative flow is high, and ti
coincides with the fifth Strahler order. At farm sce
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document
library/reports/science
reports/2017%2008%20Mal
apara%20Synthesising%20
Water%20Convergence%?2
Zones%20for%200ptimised
%20Farm%?20Contaminant
20Mitigation.pdf

priority should focus on all areas ftddw convergence.

Potential for controlled
drainage to decreast
nitrogen and phosphorug
losses to Waituna Lagoon

McDowell RW, Gongol (¢
Woodward  B.  (2012)
Potential for controlled
drainage to decreass

nitrogen and phosphorug
losses to Waituna Lagoon.

A brief review of traditional controlled drainage systen
highlighted their potential to decrease the load of nitrog
and phosphorus via a combination of decreased flow ra
and increased sedimentation and denitrification rates.

Shifts in flood and lovflow
regimes in New Zealand du

McKerchar, an
HendersonR.D.
(2003).Shifts in flood and
low-flow regimes in New
Zealand due to interdecadd
climate
variations,Hydrological
Sciences JournaB:4,637-

654

Al,

Thirty-one of the longest available streamflow records 1
New Zealand were analysed to see whether shifts in fl
and lowflow regime occurred in 1977/1978 correspondi
to a shift in phase of the Interdecadal Pacific Oscillat
The plots and the tests showdha decrease of flood siz
has occurred since 1978 in the Bay of Plenty region of
North Island, and that increases in flood size and-liow

magnitude have occurred in the South Island for m
rivers with headwaters draining from the main divide
the Southern Alps and Southland.

to interdecadal climate
variations
New River Estuar

Hydrodynamic Modelling

Measures, R. (2016). Ne
River Estuary Hydrodynam
Modelling. National Institute
of Water & Atmospherig
Research Ltd report
Accessed 14 July 2020 fro
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy.
document
library/reports/science
reports/NewRiverEstuaryM
odellingReport%202016.pd{

A Delft3D hydrodynamic modebas constructed for the
New River Estuary in Southland in order to bet
understand the fate of riverine nutrientsnd sediments,
and inform the limit setting process being undertaken
freshwater management.

Groundwater ¢ Surface
water investigation of the
Waimea Stream, Southlan
using radon, FODTS ai
hydrochemistry.

Moreau, M., Rodway, E
Lovett, A.P., Martindale, H
(2018). Groundwater ¢
Surface water investigatio
of the Waimea Stream
Southland using radon
FODTS and hydrochemistt
Wairakei (NZ): GNS Scien
29 p.

Astudy on the Waimea Stream to test the effectiveness
an integrated approach combining three techniques
improve  understanding  of  groundwataurface
interaction processes
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Avrtificial subsurface
drainage in Southland

Pearson, L. (2015). Artifici
subsurface  drainage i
Southland. Accessed 15 Ji
2020 from
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id26gi9
ayo517q9stt81sd/hierarchy
document
library/reports/science
reports/Report%20
%20Artificial%20subsurface
%?20drainage%20in%20SoL
hland.pdf

A framework was developed for estimating where artifig
subsurface drainage systems are likely to be presen
Southland. Soil permeability and drainage class attribd
provided an indication of the density of drainage requir
to make land suitable for agriculture. Artificial subsurfg
density classes ranged from none to very high and incly
categories for nn-agricultural areas and the influence
slope on drainage type.

Overland flow risk in

Southland

Pearson, L(2017).Overland
flow risk in Southland
Accessed 15 July 2020, fro
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy
document-
library/reports/science
reports/Report%20
%200verland%20Flow%20
sk%20in%20Southland.pdf

Overland flow, along with deep drainage and subsurf
(including artificial) drainage are the three main pathwg
for the transport of contaminants from land to we. This
report assesses the likelihood of overland flow occurr,
from land surfaces across Southland.

Identifying Pollutant Source
within the Waimea
Catchment: Applying
hydrochemical tracers tc
surface water time serie
data.

Rissmann, C. and Pearsan
(2018). Identifying Pollutan
Sources within the Waime
Catchment: Applying
hydrochemical tracers tq
surface water time serie
data. Land and Wate
Science Report 2018/15. p5

This report aimedto increase temporal resolution an
understanding of watesource and contaminant supply t
the Waimea Stream.

Ecological Condition of S
Shallow Southland Lakes.

Schallenberg, M., and Kell
D. (2012). Ecologicd
Condition of Six Shallo
Southland Lakes. Cawthrg
Institute, Report No. 2198
Accessed 10 July 20 from
https://envirolink.govt.nz/as
sets/Envirolink/1097
ESRC24Bcological
condition-of-sixshallow
Southlandlakes.pdf

Thisreport was commissioned by Environment Southlg
(ES) to assess the water quality and ecological conditic
six shallow Southland lakes. Overall, the mainlz
Southland lakes were of moderate to good water qual
compared to other shallow lakes aroumtéew Zealand. I
must be emphasised however, that such lakes in N
Zealand have generally been heavily impacted

agricultural land use and introductions of numero
noxious invasive fish and macrophyte species. Overall
submerged macrophyte commureg of the Southlang
lakes have low taxonomic diversity and two of the lal
contain a noAndigenous species.
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Controlled drainage system

to reduce contaminant
losses and optimize
productivity  from  New

Zealand pastoral systems

DJ Ballantine &

Tanner(2013)Controlled
drainage systems to reduc
contaminant losses an
optimize productivity from

C(q

New Zealand pastorg
systemsNew Zealand
Journal  of  Agricultura

Research56:2,171-185

Drainage systems are essential for managing \satler
levels, thereby ensuring optimal plant productivity wh
protecting soil quality. Although beneficial, draina
systems are also known to be a significant loss route
dissolved nutrients. A potential way of reducing nutrie
loss through drainag systems is to use weirs {
strategically control drainage of excess water from the
profile. This review evaluates the scientific literature
ascertain whether controlled drainage could be a use
crop productivity and nutrient loss mitigation tbfor New
Zealand pastoral farming systems. While a range of 1
and potential disadvantages have been identifie
evidence from studies of cropped systems with control
drainage in Europe, Canada and the US suggests
suitably managed controlled dinage offers significan
benefits for water quality, agricultural productivity ar
nutrient- and wateruse efficiency.

The profitability and risk o
dairy cow wintering
strategies in the Southlani
region of New Zealand.

Beukes, P., Gregorini, H
Romera A., and Dalley, D.E
(2011). The profitability ang
risk of dairy cow wintering
strategies in the Southlan

region of New Zealand
Agricultural Systems. 104
541-550.

A survey amongst stakeholders in 2007 identified winter
systems with less environméal impact and a reliable
supply of high quality feed, which are cost effective &
simple to implement, as one of the top three issu
requiring research and demonstration in the Southlg
region of New Zealand. This study used a model
approach to eamine the cost effectiveness, exposure
climate-induced risk and major economic drivers of fg
selected wintering strategies, i.e. (1) grazing a for
brassica crop on support land (Brassica system), (2) gr
pasture on support land (All pasture %), (3) cows fed
grass silage, made on the support land, on a loafing
where effluent is captured (Standoff system), and (4) c(
fed grass silage, made on the support land, in a hou
facility where effluent is captured (Housed system). 1
four syésems demonstrated different financial strength
and weaknesses that largely balanced out in the end.
Brassica system is ahighrisk system from an
environmental perspective and the All pasture system
unlikely alternative because of scarcity of sbitland.
Both the Housed and Standoff systems appear to be
effective alternatives that allow high control over cg
feeding, body condition and comfort over winte
Furthermore, both systems have the potential to provi
high control over the storagend release of animal effluen
onto land, thus saving fertiliser costs and reduc
environmental footprint.

The changing face ¢
southern  New  Zealan(
farming: opportunities of

land use change

Copland, R.J. & Stevens,
(2012). The changing face

southern  New  Zealand
farming: opportunities of
land use change

Southern New Zealand has seen major changes in lang
in the past 20 years with the rise in dairy cows itkrfrom

149 000 in 1994 to 682 000 in 2010, while breeding €
numbers have declined from 11.2 million to 7.3 milli
over the same period. The development of milki
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Proceedings of the Ney
Zealand Grasslan
Association. ®.

10.33584/jnzg.2012.74.287

platforms with a significant need for winter dairy grazi
has opened up many opporturés for sheep, beef an
deer farmers in the region. The need to remain profital
displacement of sheep to more marginal land, and so
influences such as retaining family ownership ha
encouraged farmers to make the most of potential lar
use change gportunities. Three case studies outline t
changes made and potential profitability increases in d
conversion, flexible sheep and beef operations &
improved deer production, with cash surplus aff
expenses being more than doubled in each case.

Opportunities to decrease
the water quality impact of
spring forage crops on dair
farms

Dennis, S.J., Mcdowell, R.V|
Stevens, D.R., & Dalley,

(2012). Opportunities tq
decrease the water quality
impact of spring forage crop
on dairy farms. Proceeding
of the New Zealang
Grassland Association 7
4550

Currently spring forage crops are used to manage

calving cows on the dairy platform, protect spring past
from pugging damage, and allow the animals to feed 0
mix of brassica and pasture to trsition to a pasturebased
diet. In addition, like winter forage crops, they cou
contribute considerable water quality contaminants

surface runoff. However, it may be possible to mané
farms without spring forage crops. Two Southland da
farms were used to show: 1) flowweighted mea
concentrations of many water quality contaminants
surface runoff from a springrazed forage crop wer
similar to those found in studies of wintgrazed forage
crops; and 2) that, using growth rate data for 2QR@12,

in no year was the modelled forage crop beneficial fror
feed supply perspective, and in all years the farms

similar financial performances and fewer feed defig
under allgrass management. Hence, good past
management (e.g. avoiding treadingrdage using a stand
off pad and short grazing times) may negate the need f
spring forage crop, decreasing contaminant losses w
not impairing farm profitability.

Effect of sheep stockini
intensity on soil physica
properties and dry matter
production on a Pallic Solil il
Southland

Drewry, J.J.Lowe J.AH. &
Paton R.J. (1999%ffect of
sheep stocking intensity o
soil physical properties an
dry matter production on g
Pallic Soil in Southlantlew
Zealand Journal o
Agricultural

Research42:4,493-499

This 3year study examined the extent of damage to s
physical properties of a Pukemutu silt loam (Pallic Soil)
the loss of ryegraswhite clover pasture productior
OF dzaSR o0& AyGSyair@dsS gAiyl
Macroporosity, pore sizeistribution, bulk density, anc
hydraulic conductivity were measured ach incremental
soil depths to 15 cm to assess changes in soil compad
Soil smearing on intensively wintgrazed plots suggeste
that soil structural damage had occurred. Soil gibgl
tests, three weeks after winter grazing, in August 1994
1995, however, showed only slight compaction at {
surface. Macroporosity in the @ cm soil depth was
significantly reduced from 16.4% to 12.1% by the inteng
winter grazing treatment. @l pores were wateffilled
leading to plastic deformation rather than compactio
Spring pasture production was also significantly decreg
(21%) following the 1994 winter grazing, but grow
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recovered the following summer. Macroporosity w
generally geater than 10% so was unlikely to lim
production for long at this site.

Effects of cattle treading an
natural amelioration on soi
physical properties anc
pasture under dairy farming
in Southland, New Zealand

Drewry, J.J.and Paton R.J.
(2000). Effects of cattle

treading and natural
amelioration on soil physicg
properties and pasture
under dairy farming in
Southland, New
ZealandNew Zealand
Journal  of  Agricultura

Research43:3,377-386

The effects of current dairy cow grazing praeticeduced
levels of grazing, and stock exclusion on soil phys
properties and pasture dry matter production we
investigated under dairy farming in Southland. Currg
grazing practice involves rotational grazing with dairy cq
from September to May ach year, with no grazing durin
winter. For the reduced grazing treatments, cattle we
excluded during the 3rd, or combined 3rd, 4th, and
grazing cycles, or for haffay grazing intervals to redug
grazing intensity. Macroporosity increased by 70%him
ungrazed treatment compared with current grazi
practice (control) within four months of dairy co
exclusion. Air permeability was increased by over
orders of magnitude 18 months after trial commenceme
and saturated hydraulic conductivity irased by 200% t
the 10 cm soil depth. Macroporosity, air permeability, a
hydraulic conductivity for the reduced grazing treatmet
were intermediate between the control and ungraz
treatments.

Spatially explicit modelling
of the impacts of landuse
and land-cover change or
nutrient inputs to an
oligotrophic lake

Fuentes, R., LedWlufioz, J.
and Echeverria, C., 201
Spatially explicit modelling
of the impacts of landise
and landcover change or

nutrient inputs to an
oligotrophic lake.
International  Joumal  of

Remote Sensing 38(24),
pp.753%7550.

This study aims to gain further understanding of t
influence of landuse and lanetover changes on aquat
systems characterised by high quality standards. In

study, a spatially explicit model {SBPECT) as applied to
assess whether, in southewentral Chile, the recent lan
use change could alter the nutrient input to oligotroph
lakes (total nitrogen (TN) and total phosphorus (TP)).

results indicate that to preserve and/or restore the qual
of aquatic southcentral Chilean ecosystems, it is necess
to modify the current land use: (1) to fundamentally st
the temperate forest degradation and (2) to regulate t
expansion of agricultural land in steeper and higher are

An analysis of the phyil
condition of two intensively
grazed Southland soils

Greenwood, P.R, an
McNamara, R.M. (1992). A
analysis of the physicg
condition of two intensively
grazed Southland soilg
Proceedings of the Ney
Zealand Grasslan

Association. 54, p.7T5.

The treading effects of higllensity winter grazing of shee
associated with al§jrass wintering systems in Southla
were studied for evidence of resultant soil physi
degradation. The results showed that intensive win
grazing in this environment resulted significant losses g
large soil macropores. As a result, the transmissior
water through the rootzone was significantly restricteg
After rain, this can lead to waterlogging and soil oxyg
deficiencies. Probably as a result of cumulative soil dan
over several winters, soil had become more compacte
nearly the full depth of the A horizon. Natural ameliorati
processes may therefore be too slow to overcome fully
effects of treading.

A review of literature on the

Houlbrooke, D. JHorne, D.

Dairy farming is the largest agricultural industry in N
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land treatment of farmdairy
effluent in New Zealand an|
its impact on water quality

J., Hedley, M. J., Hanly, J.
and Snowy. O. (2004)A
review of literature on the
land treatment of farmdairy
effluent in New Zealand an

its impact on water
quality, New Zealand Journg
of Agricultural

Research47:4,499511

Zealand, contributing 20% of export earnings but provid
a challenge for the environmentally acceptable treatme
of waskes from dairy farms. Nutrientich farmdairy
effluent (FDE), which consists of cattle excreta diluted v
wash down water, is a byroduct of dairy cattle spendin
time in yards, feechbads, and the farm dairy. Research
the effects ofland treatingFDE and itseffects on water
quality, has shown that between 2 and 20% of the nitrog
(N) and phosphorus (P) applied in FDE is leached thr
the soil profile. In all studies, the measured concentrat
of N and P in drainage water was higher than the egichl
limits considered likely to stimulate unwanted aquaj
weed growth. Gaps in the current research have bg
identified with respect to the application of FDE
artificially drained soils, and the lack of research that
taken place with long termapplication of FDE to land an
at appropriate farm scale with realistic rates of applicati
Whilst the land treatment of FDE represents a hu
improvement on the loss of nutrients discharged to fre
water compared with standard twpond systems, theresi
room for improvement in the management of FDE lal
treatment systems. In particular, it is necessary to prev,
the direct discharge of partially treated FDE by taking i
account soil physical properties and soil moisture stai
Scheduling effluent iigations based on soil moistu
deficits results in a considerable decrease in nutrient |
and may result in a zero loss of raw or partially trea
effluent due to direct drainage.

Grazing strategies to protec
soil physical properties ani
maximise pature yield on &
Southland dairy farm

Houlbrooke, D.J., Drewry
J.J., Monaghan, R.M., Patq
R.J., Smith L.C., an
Littlejohn,R.P.
(2009).Grazing strategies t
protect soil physica
properties and maximise
pasture yield on a Southlan
dairy farm,New Ze#and
Journal  of  Agricultura
Research52:3,323
336,D01:10.1080/0028823
0909510517

Intensive dairy cattle grazing on wet soil can have
detrimental effect on soil physical quality ar
consequenty on pasture production. Soil physic
properties (porosity, bulk density, saturated hydrau
conductivity) of a Pallic soil (Pukemutu silt loam) &
pasture production were assessed on a dairy farm
Southland, New Zealand, under a number of differ
cattle grazing strategies: (i) normal grazing managem
on undrained land, (ii) normal grazing practice on draif
land, (iii) restricted autumn grazing, (iv) restricted graz
when soil conditions were wet, (v) never pugged, and
never grazed. Ther@ere no significant differences in ar
soil physical properties measured on cattle graz
treatments. Spring pasture yield from the never graz
treatment was greater (R 0.05) than the drained an
undrained standard practice grazing treatments for ong
the three seasons. The lack of treatment differences in
physical properties and pasture yield from graz
treatments suggests that the never pugged graz
strategy failed to prevent soil compaction by dairy cows

The influence of soi

Houlbrooke, D.J.

It is widely believed that intensive dairy farming
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drainage chracteristics on
contaminant leakage risl
associated with the lanc
application of farm dairy
effluent.

Monaghan, R.M.(2009)The
influence of soil drainagg

characteristics on
contaminant leakage ris
associated with the land

application of farm dairy
effluent.

responsible for accelerated contamination of waterwa
by nutrients, sediment and faecal microorganisms.
particular, farm dairy effluent (FDE) is frequen
implicated as a major contributor to the degradation
surface water quality. Soils that exhibit matrix flow (t
relatively uniform migration of water through and arour|
soil aggregates) show a very low risk of dir
contamination loss of FDE under wet soiloigture
conditions. The effectiveness of current effluent be
management practices (deferred irrigation and g
application rate tools) varies between soil types depend
on their inherent risk of direct contamination frotand
appliedFDE.

Drainage maagement in

New Zealand

Hudson, H. and Harding,

(2020). Drainag€
management in New
Zealand.

The literature on drainage maintenance activities, b
within and outside New Zealand, was reviewed. Gaps
identified in New Zealand knowledge of how best
manage drains. There was a basic lack of understandir
the effects of current practices on the hydrology a
ecology of drains. While much is still to be learned ab
specific applications, and the cesffectiveness of best
management practices in Me Zealand, severg
management principles and practices can be tested
implemented immediately

River water quality change
in New Zealand over 2|
years: response to land us
intensity

Julian, J.P., Beurs, K.M.I
Owsley, B., Davigsolley,
R.J. and Ausd, A.G.E., 2017
River water quality change
in New Zealand over 2
years: response to land us
intensity. Hydrology and
Earth System Scien¢@4(2),
pp.11491171.

In this work they test whether land use intensitythe
inputs (fertilizer, livestock) ah activities (vegetation
removal) of land use¢ is a better predictor of
environmental impact. They use New Zealand as a
study and interpreted water quality state and trends f
the 26 years from 1989 to 2014 in the National Riv
Water Quality Netwdk (NRWQNY, consisting of 77 site
on 35 mostly large river systems. Using sin
multivariate statistical analyses across the 77 catchme
they found that median visual water clarity was be
predicted inversely by areal coverage of intensiv|
managed pastures. The primary predictor for all fg
nutrient variables (TN, NOx , TP, DRP), however, was
density, with plantation forest coverage as the second
predictor variable. While land disturbance was not itse
strong predictor of water qality, it did help explain
outliers of land usewater quality relationships.

Dynamic simulation of croj
rotations to evaluate the
impact of different nitrogen
management strategies ol
water quality in Southland
New Zealand.

Khaembah, E., Cichota, H
Zykowski, R., and Vogeler,
(2019). Dynamic simulatio
of crop rotations to evaluate
the impact of different
nitrogen management
strategies on water quality if
Southland, New Zealand.

Nitrogen lost from agricultural fields is one of the mg
causes of watepollution. The evaluation of environment
impacts from agricultural activities at a catchment sc
requires integration of modelling tools designed to work
different levels. A dynamic farm systems model is nee
in this context, to capture the immas of land use change
and management decisions on water and nitrogen fluxe
the soilplant interface. Generated information from th
level can then be scaled up by hydrological models
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determine the impact of farming activities at th
catchment andregional scales. In this work, we used t
Agricultural Production Systems slIMulator (APSIM)
processbased farm systems model, to evaluate the effs
of fertiliser nitrogen management on crop production a
nitrogen leaching from cropping rotationstime Southland
region of New Zealand@hese results fundamentally sho
that soittest based fertiliser application has the potent
to increase fertiliser nitrogen use efficiency and reduce
risk of nitrogen loss to the Southland catchment wa
systems These results also demonstrate the capability
the APSIM setup to produce realistic crop production ley
and account for intraand interseason variability in so
nitrogen and weather conditions.

Restricted autumn grazing t
reduce nitrous  oxide
emissions from dairy
pastures in Southland, Ney
Zealand

de Klein, C.A.M., Smith, L.(
Monaghan, R.M. (2006
Restricted autumn grazing t
reduce nitrous oxide
emissions from dairy
pastures in Southland, Ne
Zealand. Agriculture
Ecosystems an
Envionment 112 192199.

Animal excreta deposited on pasture during graz
represent the single largest source of N20O emission
New Zealand. These emissions are highest when pas
are grazed during the wet autumn/winter season. T
strategic use of a fakpad on dairy farms could restrict th
amount of excreta N returned to pasture during this tin
of year, and thus reduce N2O emissions and ot
environmental losses. Restricted autumn grazing redu
both N20 emissions and N@#&ching losses from graze
pasture by about 40%. These calculations indicated

restricted autumn grazing could reduce direct and indir
on-farm N20 emissions by¢Z1%, and could thus be g
effective tool for reducing N20O emissions, while a
reducing NO3eaching losses, angreventing soil and
sward damage. The study further highlighted that t
currently used IPCC inventory methodology cannot ez
account for reductions in national N20O emission follow
adoption of N20O mitigation strategies. It also reinforc
the need br assessing the impact of mitigation strateg
at a whole farm level.

Landuse impacts on
freshwater and maring
environments in New
Zealand

Larned, S., Booker, D
Dudley, B., Moores, J
Monaghan, R., Baillie, B

Schallenberg, M., Moriarty|
E., Zeldis, J., Short, K. (201
Landuse impacts on
freshwater and maring
environments in New
Zealand NIWA Client Repof
2018127CH

Report prepared byNIWA for MfE that outlines thé
PressureStatelmpact concept and its application f
monitoring environmental state in New Zealan
Highlights the need to better understand the compl
relationships between environmental pressures and

resulting impacts

Evidence for the effects o
land use on freshwate|
ecosystems in New Zealang

Larned, 9., Moores J,

Gadd J, Bailie B &
SchallenbergM.

(2019)Evidence for the
effects of land wuse o

To meet the challenges of preventing and revers
adverse effects of land use on ecosystems, managen
actions need to be founded on strong evidence. We u
the pressurestateimpact (PSI) framework to asse
evidence of lad-use effects on New Zealand freshwat
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freshwater ecosystems i
New ZealandNew Zealand
Journal of Mrine and
Freshwater Research

ecosystems. The evidence consisted of publis
quantitative and categorical associations linking lause
pressures to state changes and ecological impacts in ri
lakes and aquifers. There was substantial ewieof land
use effects, particularly where land use/land cover (LU
classes were used as pressure variables. Proportion
catchment area in urban and pastoral LULC w
consistently, positively correlated with contaminant levg
in water bodies and rgatively correlated with ecological
health indicators.

Land Use Change in th
Southland region.

Ledgard, G. (2013). Land U
Change in the Southlan
region Environment
Southland Technical Repor
201313, Accessed 13 Jul
2020 from
https://www.es.govt.nz/rep
ository/librariesfid:26gi9ayo
517g9stt81sd/hierarchy/enyv
ironment/science/science
summary
reports/land_use_change i
n_the_southland_region.pd

The purpose of the report is to investigate land use cha
and intensification across the Southland region, with
focus on change wWiin the agricultural and forestry
sectors, particularly since 1995, to me8tate of the
Environment §OE reporting timeframes. The pressurg
from these land use changes on the environment can
severe. Théargescaldoss of indigenous vegetation ag®
the region has accelerated erosion processes, redd
biodiversity and led to the increased sedimentation of {
NEIA2YyQa o6l GSN) 62RASad ¢
loss, intensive land uses such as dairying and wi
cropping has increased pred¢fsa 2y (GKS
water and air resources to the extent that we are see
significant declines in soil and water quality across
region. However, this cannot solely be attributable to t
expansion in dairying. The pagricultural sector
intensification and expansion of intensive pastoralism i
parts of the landscape previously considered unsuitable
intensive agriculture, due to productive or developme
expense limitations, is also placing further stress on th
resources.

The combinedmpact of land
use change and aquacultut
on sediment and watel
quality in oligotrophic Lake
Rupanco (North Patagoniz
Chile, 40.8S)

LebénMuioz, J., Echeverrig
C., Marcé, R., Riss, W
Sherman, B. and lIriarte, J.
2013. The combined impaq
of land use change and
aquaculture on sedimen
and water quality in
oligotrophic Lake Rupanc
(North Patagonia, Chile, 40
S).Journal of environmentg
management 128 pp.283
291.

This study looked at the combined influences of land
change and salmon farming t¢ime nutrient concentrations
in an oligotrophic, temperate lake in North Patagonig
Lake Rupanco. Four swatersheds were examine
ranging in disturbance from near pristine forest, to 5%
converted, to cropping, to pasture. Nitrogen exports frg
the tributary subwatersheds increased from 33
TN/km2/y to 621 kg TN/km2/y as the proportion of cr
and pastureland increased.

Saoll phosphorusg
concentrations to minimise
potential P loss to surfaci
waters in Southland

McDowell, R.W. Monaghar|
R.M, & Morton, J.
(2003)Sall phosphorug
concentrations to minimise
potential P loss to surfac

waters in SouthlandNew

Losses of soierived P in overland flow induced K
artificial rainfall were measured from six pastoral sc
under a range of soil Olsen P concentrations. These
were selected as being typical of the major soil groups {
cover much of lowland Southlandbjectives were to
establish the magnitude and patterns of soil P release
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Zealand Journal o
Agricultural

Research46:3,239-253

overland flow under a wide range of soil Olsen
concentrations, established by amendment with eithe
fertiliser or dairy manure. The incorporation
superphosphate or manure into seilincreased the so
Olsen P concentration as well as the concentration ¢
fractions in overland flow. There appeared to be
difference in the trend of P loss relative to Olsen
regardless of the form of P amendment. The magnitudg
P loss appearedtbe influenced by soil pedological orig
with lower dissolved reactive P (DRP) concentrati
measured in overland flow from the Brown soils, compa
to the less weathered Recent and Pallic soils.

Establishment of a spli
grassclover system to
improve water quality and
profitability

McDowell, R.W Knowler, K.,
and Cosgrove, G.P. (201
Establishment of a spli
grassclover system to
improve water quality and
profitability. Proceedings of
the New Zealand Grasslar
Association 72: 17176.

Surface wagr quality can be impaired by phosphorus
loss from land. The lower Olsen P requirement of ryeg
compared with clover can, when growing them separatse
allow for more targeted application of nutrients and bett
profitability than is possible for eixture. Creating area
of low P (e.g. near streams) can improve water qua
Modelled results of a split white cloveyegrass system fo
a dairy farmed paddock in Southland, indicated tha
would improve profitability by $46/ha, compared with
mixedpasture receiving 150 kg N/h@&he resultsuggests
that in areas such as near streams where runoff is likel
move nutrients such as P to waterways, ryegr
established by cultivation to 15 cm, and the application
P to maintain an Olsen P conceritom no greater than
agronomically optimum, is a quick method of maintaini
pasture production while minimising the loss of P
surface waters.

Potential water quality|
impact and agronomic
effectiveness of different
phosphorus fertilisers unde
grazed @irying in Southland

McDowell, R.W. and Smith
L.C. (2012). Potential wate

quality impact and
agronomic effectiveness @
different phosphorus
fertilisers under grazeq
dairying in  Southland
Proceedings of the Ney
Zealand Grasslan

Association. 74, p.22830.

Phosphorus (P) loss from land is a central factor in ¢
surface water quality in Southland. Much loss of P
occur if surface runoff occurs soon after the application
highly water soluble P fertilisers (e.g. superphosphal
Three P fertiliser§superphosphate, serpentine super, at
a Caphosphate) of different water solubilities wer
applied (30 kg P/ha in spring) to a grazed dairy pasture,
the relative agronomic effectiveness and P los
determined. To decrease P losses associated withider,
applications should be timed when runoff events &
unlikely for at least 3 weeks following application. If t
runoff cannot be avoided, or to ensure P losses are as
as possible, the use of a low water soluble P product 1
be of benefit.

Nutrient losses in drainag
and surface runoff from &
cattle-grazed pasture ir|
Southland

Monaghan, R.M., Paton, R.
Smith, L.C. and Binet, C
(2000). Nutrient losses in
drainage and surface runo
from a cattlegrazed pasture
in SouthlandProceedings o

In response to local concerns about the expand
Southland dairy herd, a-year study was initiated in 199
with the primary objective of quantifying nitratd losses
to waterways from intensively grad cattle pastures
Extrapolating the results to a 'typical' dairy pasture
Eastern Southland would suggest that the safe upper |
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the New Zealand Grasslar
Association62: 99104.

for annual fertiliser N additions to this site to achie
nitrate in drainage water below the drinking watg
standard isapproximately 170 kg N/ha.

Nitrogen and phosphorus
losses in mole and til¢
drainage from a cattle
grazed pasture in easter
Southland New Zealand

Monaghan, R.M., Paton, R.
and DrewryJ.J.
(2002) Nitrogen and
phosphorus losses in mol
and tile drainage from 4
cattle grazed pasture in

eastern Southland\ew
Zealand Journal o
Agricultural

Research45:3,197-205.

An experimental system for monitoring drainage outflo
from mole and tiledrained plots is described, an
nitrogen (N) and phosphorué) losses in drainage a
reported for Year 1 of a year study examining nutrien
losses in drainage from a pasture in Southland. Tw
plots (0.09 ha), grazed by ndactating dairy stock, werg
artificially drained by installing a mole and tile drajeq
network. The amount of nitratéN lost in drainage water if
this first year of study was 25 kg/ Ma, resulting in &
volume averaged nitrateN concentration of 6.9 mg /I
Although this is a significant loss of potentially plg
available N, the averageitrate N concentration of the
drainage water was below the 11.3 mg/LNtandard
adopted by the New Zealand Ministry of Health 1
acceptable nitrate levels in drinking water. Mean dissol
reactive P and total P concentrations in drainage wat
were 23and 74t g FL, respectively. Analysis of forms of
showed 61 % of the total P lost in the drainage was in
form of particulate P, which may reflect the rece
introduction of mole and tile drainage to this site.

Linkages between lani
management actities and
water quality in an
intensively farmed
catchment in southern New

Monaghan, R.M., Wilcock
R.J., Smith, L.C., Tikkiset
B., Thorrold, B.S., Costallf,
(2006). Linkages betwee
land management activitie

Linkages between land management activities and stre
water quality are reported for a 2480 ha catchment us
for dairy farming, sheegbeef farming andforestry in
Southland, New Zealand. The approach was to recor
measured loads of nutrients exported from the catchme

Zealand and water quality in arl with those estimated based on characterisation of farm
intensivdy farmed | practices within the catchment. Some land managem
catchment in southern New practices that appeara be key sources of many of the
Zealand. Agriculture,| pollutants, including subsurface drainage syste
Ecosystems & Environmer (including the preferential flow of irrigated effluern
118, p. 211222 through these soils), overland flow from the heavy s

used for dairy farming in the catchment and the practice
intensively wintering cows on forage crops. Modeli
suggests that a significant improvement in catchme
water quality could be achieved through th
implementation of targeted best management practic
(BMPs) on dairy farms in the catchment.

Land use and land| Monaghan, R.M.| This review documents some of the effectsagiricultural

management risks to wate| SemadenDavies, A.| land use practices on water quality in Southland., T

quality in Southland

Muirhead, R.W., Elliott, S
and Shankar, U. (2010
Land use and lan
management risks  {¢
water quality in Southlang

NEBLI2ZNIQa {1S& 02y Ofdzarzya
operation (e.g. sheep v. dairy etc) practised is an import
determinant of contaminant losses from land to water,

some landscpes have greater risks of loss (e.g. sloping
poorly drained land) than others, and (iii) these losses

be significantly modified according to land manageme
and (iv) there remain a considerable number of knowlec
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gaps in our understanding of lamdater transfers of
stream contaminants.

The impacts of animag
wintering on water and soi
quality

Monaghan, R.M. (2012
The impacts of animg
wintering on water and
soil quality

Preliminary research has indicated that areas used
forage crop grazinguding winter can potentially make
particularly large contribution to N, P and sediment Iq
from the total farm system. The concentrations of nitrat
N in drainage from grazed winter forage crops ¢
relatively high. Evidence suggests that much of

sediment lost originates from within the gullies where s
disturbance and overland flow generation is relatively hi
and that grazing management can have a very Ig
influence on these yields. Soil damage associated

winter grazing of forage cropsu be a particular challeng
for paddocks subjected to repeated use for winter forg
cropping and grazing, as is sometimes the case on ru
blocks.

Management practices ani
mitigation ~ options  for
reducing contaminant losse
from land to water

Monaghan, R.M. (2016).
Management practices an
mitigation ~ options  for
reducing contaminant losse
from land to water. Accesse
14 July 2020  from
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:269i9
ayo517q9stt81sd/hierarchy.
document
library/reports/science
reports/Mitigation%20Sum
mary_Monaglan_Final.pdf

This document provides a brief description of a range
good agricultural management practices and mitigat
measures that are relevant to managing water quality
Southland.

Pathways of contaminan
transfers to water from an
artificially-drained soil under
intensive grazing by dair
cows

Monaghan R.M.,Smith L.C.,
Muirhead R.W. (2016
Pathways of contaminan
transfers to water from an
artificially-drained soil under
intensive grazing by dair
cows Agriculture,
Ecosystems an
Environment220, 7688.

There is limited quantitative understanding of th
pathways and temporal patterns involved in the transfe
nitrogen (N), phosphorus (P), faecal bacteria and sedin
from grazed temperate pastoral land to water. Becay
these transfers have the potential to significantly impa
water quality, many catchment and community grou
want to identify farming systems and manageme
strategies that minimise the risks that farming activiti
pose for their water quality goal§he concentations and
loads of N, P, sediment and the faecal indicator bacteéri
coli(E. colj were measured in molgipe drainage (3ear
monitoring period) and surface runoff f&ar monitoring
period) collected from hydrologicatigolated plots grazec
by daily cattle in southern New Zealand. We also evalu
the effectiveness of restricted autumn grazi
management as a strategy that could potentially redd
these losses. Temporal patterns of loss suggest that
management of urinary N deposited in the most
preceding winter drainage events is key for reduc
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potential N losses in drainage. A restricted autumn graz
strategy reduced losses of dissolved N in subsuri
drainage by 43% on average, although statistic
significant reductions were only obsed for 2 of the 3
measurement years. Temporal patterns of P, sedim
andE. colifluxes suggest that management strategi
which can reduce surface runoff generated during spr
on these poorlydrained soil types may be the mo
effective approach forreducing the impacts of thes
contaminants on surface water quality.

Discussion Paper: A potenti
methodology for assessin
farm dairy effluent systems

Monaghan, R.M.Larenson,
S. (2019)Discussion Pape
A potential methodology foi
assessing farm daireffluent
systems

This report documents the requirements for assess
Farm Dairy Effluent (FDE) systems in a consenting pro
A review of research literature suggests that there ar
key aspects of any proposed FDE system that n
particular consideation to ensure the FDE resource
utilised efficiently and risks to the environment a
minimised. These are: Ensuring that the proposed
system contributes to balanced pasture nutrition a
maintenance of soil quality. The use of an assessn
process that ensures the hydraulic loading attributes of t
proposed FDE system are appropriate for the landsc
where FDE is to be applied. Identification of K
contaminant pathways and key contaminants of conc
are important considerations in this proce<onsideratior
of the nitrogen (N) loss risk (to water) that any FDE sys
could pose.

Spatial analysis of winte
forage cropping irsouthland
and the implications for
water quality management

Pearson, L., CouldreyM.,
Rodway, E. (2016). Spatial
analysis of winter foragg
cropping in Southland an
the implications for water,
quality management
Accessed 16 July 2020 fro
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy.
document
library/reports/science
reports/Technical%20Repo
%20
%?20Spatial%20analysis%2
f%20winter%20forage%20¢
opping%20in%20Southland
%20%28PDF%29.pdf

This report documents recent work by Landcare Rese
and Environment Southland to understand the exter
winter forage crops in Southland, and collates advice
technical information on risks to water quality.

Land use effects on habital
water quality, periphyton,
and benthic invertebrates ir
Waikato, New Zealand, hil

Quinn, J.M., Goper, A.B.,
DaviesColley, R.J.
Rutherford, J.C. an
Williamson, R.B., 1997. Lar

Water quality, habitat, and biota were compared duri
spring amongst 100 m reaches on 11 streams draif
pasture, native (podocarp broadleaf) forest, and exc
pine forest. Differences were greatest between the past
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country streams

use effects on habitat, wate
quality, periphyton, and
benthic invertebrates in
Waikato, New Zealand, hil
country  streams. New
Zealand journal of maring
and freshwater resarch
31(5), pp.579597.

and native forest streams. Only-3B6 of incident light
reached native and pine forest streams whereas 3
reached pasture streams. Pasture streams had 2.2°C h
mean temperature than the native streams, anefdid
higher nitrate, 36fold higher algal biomass, and -tdld
higher gross potosynthesis. Native streams were 60
wider than pasture, with pine streams intermediate. Pi
and pasture streams had-f8ld higher suspended solid
and fine sediment stored in the streambed than nati
streams. Woody debris volume was-fold greater inpine
than pasture streams, with native streams intermedia
Invertebrate taxa richness did not differ between la
uses.

Grassland farming and wate
quality in New Zealand

Quinn, J.M.,Wilcock, R.J.
Monaghan, R.M.McDowell,
R.W., Journeaux, P.
Tearmann, the Irish journal
of agrienvironmental
research, Vol. 7, 688.

Pastoral agriculture is the dominant land use in N
Zealand and accounted for 49% of merchanised ex
earnings in 2007. Agriculture has intensified in the last
years, with dairy epanding at the expense of sheep a
beef farming. Although water quality in New Zealand
relatively good compared with Europe, North America g
Asia, many lowland agricultural streams and rivers do
meet guideline values for contact recreational igittes
(e.g., swimming and watesports) and the proportion o
pastoral land cover with catchments has also be
associated with trends in river and lake degradati
Agricultural and water researchers are working w
industry to develop a toolbox of nmigation measures tg
control agricultural impacts on water values. Application
these tools to catchments with sheep and beef, deer
dairy farms has shown water quality benefits.

Loss of wetlands since 199
in Southland, New Zealand

Robertson, H Ausseil, A,
Rance, B Betts, H and
Pomeroy, E(2018). Loss o
wetlands since 1990 i
Southland, New Zealand
New Zealand Journal ¢
Ecology. 43
10.20417/nzjecol.43.3.

Reports of wetland loss in New Zealand are typic
related to the historical, pré&uiopean coverage of wetlan
ecosystems. It is widely accepted that large areas
wetlands were converted to other land uses prior to t
1990s before comprehensive national and regio
environmental legislation was established. This st
sought to investjate recent (post 1990) changes

wetland extent to determine if current rates of wetlan
loss remain a concern for natural resources managem
Of the 32 814 ha of wetlands assessed across South
3452 ha were no longer present in the landscape an
further 3943 ha were at risk. The predominant cause of
loss of wetlands is conversion to other land use, typic|
to pasture used for agriculture.

Nitrogen and phosphorus
losses in overland flow fron
a cattlegrazed pasture ir|
Southland

Smith L.C. and

Monaghan R.M.

(2003) Nitrogen and
phosphorus losses i
overland flow from a cattle
grazed pasture in

A field study was conducted to quantify N and P losse
overland flow from a cattlgrazed pasture in easter
Southland. Results indicated that total overland flos
between two to seven times greater from the undrain
than from the drained soil. Losses of N and P in overl
flow from drained soils were low relative to that measur
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SouthlandNew Zealand
Journal  of  Agricultura
Research46:3,225
237,D0I:10.1080/0028823
3.2003.9513549

in subsurface drainage from these soils. Much of
overland flow, and overlantll and P loss, occurred durir
winter and spring, rather than summer and autumn wh
annual P fertiliser applications were made. Overland f
and losses of N and P were greatest from the undrained
NBOSAGAyY3 n /2s6 I BdA vstdoked Kalt hs

equidl f Sy 2F oom O26a KIbw

The effectiveness 0
different nitrification
inhibitor formulations in

limiting nitrate accumulation
in a Southland pastoral soil

Smith, L.C., Monaghan, R.M
Ledgard S.F., Catto, W.
(2005) The effectiveness (¢
different nitrification
inhibitor  formulations in
limiting nitrate accumulation
in a Southland pastoral soi
New Zealand Journal ¢
Agricultural Research48:4,
517529, DOl:
10.1080/00288233.2005.95
13685

In pastoral dairy grazing systems, the high locali
nitrogen (N) concentration in urine patches has be
identified as a major source of nitrate nitrogen (NGB
available for leaching.This study was initiated tog
investigate the effectiveness of different formulations o
nitrification inhibitor, dicyandimide (DCD), in limitin
NO3N accumulation in a typical Southland pastoral s
Applying DCD in a granular form or in conjunction w
granular fertilisemwas found tobe an effective way to limi
NO3N build up in the soil profile.

Long term pasture rpwth
patterns for Southland Nev
Zealand: 1978 to 2012

Smith, L.g2012).Long term
pasture growth patterns for
Southland New Zealang
1978 to 2012. Proceedings
the New Zealand Grasslarn
Association. 74: p. 14¥52

Pasture growth rates for Southland wee reported by
several researchers in the late 1970s and early 19
However, pasture species and farm management syst
have changed somewhat since then. This paper pres
data from measurements at Woodlands, near Invercar
that have been ongoingince 1977, and discusses some
the variability that has occurred over the yeal
Measurement of pasture growth was done using
A0FYyRFNRAASR OdzidAy3 YSiH
moving cages, with measurements every 3 weeks. An
yields were clkulated from 1 June to 31 May of the ne
year. The pasture growth at Woodlands is characterise
a springsummer peak of growth followed by a deep wint
trough where growth is minimal. LoAgrm average
Fyydzf 3INRGGK gFa Mmooy ail
pasture and 12,7 t DM/ ha for newsg
Wh dzA Qk W{ dzLINB Y $yegrassbabl Sylsture
However the newer pasture produced considerably m
(ca.14.2 t DM/hal/year) for an initial period of 3 years, afi
which time the production dropped back to be similar
the old pasture (ca.12.0 t DM/hal/year).

Assessment of Farr|
Mitigation Opfons and Lang
Use Change on Catchme
Nutrient Contaminant Load:
in the Southland Region

Snelder, T., and Legard,

(2014). Assessment of Far
Mitigation Options and Lan
Use Change on Catchme
Nutrient Contaminant Load
in the Southland Regior|

Aqualinc Research  Ltqg
report. Accessed 13 Jul
2020 from

This study investigated how nutrient loads in eight la
Southland catchments would be changed by-farm
mitigation measures, and the extent to which -farm
mitigation measures could offset the effects of land U
change and increasing production on dairy farms
catchment water qualityThe key findings of this study a
that mitigation measures on farms gl result in
reductions in nutrient loads discharged in Southla
However, these reductions could be eroded in the futt
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https://lwww.es.govt.re/rep
ository/libraries/id:26gi9ayo
517q9stt81sd/hierarchy/eny
ironment/science/science
summary
reports/regionalloadslandusg
emitigationreport_final.pdf

due to ongoing conversion of sheep & beef to dairy far
and production increases on dairy farms. It is conclu
that under the staus quo of ongoing conversions ar
increasing production on dairy farms, water quality will 1]
be maintained in the long term even if very stringe
mitigation requirements (i.e. M3 on all farms) were to

adopted. Setting limits for catchment nutrientdds and
then managing discharges to meet these limits appear
be the most appropriate method for ensuring that the gg
of maintaining and improving water quality in Southla
will be achieved.

Application of a Three
Dimensional Water Qualit
Model asa Decision Suppor|
Tool for the Management o
LandUse Changes in th
Catchment of an
Oligotrophic Lake

Trolle, D., Spigel, B
Hamilton, D.P., Norton, N
Sutherland, D., Plew, D. ar
Allan, M.G., 2014
Application of a three
dimensional water quality
model as a decision suppo
tool for the management of
landuse changes in thg
catchment of an oligotrophig
lake. Environmental
management54(3), pp.479
493.

We undertook a modelling study to demonstrate scien
based options for consideration of agriculédr
intensification in the catchment of Lake Benmore. Ba:
on model simulations of a range of potential futu
nutrient loadings, it is clear that different areas within Lg
Benmore may respond differently to increased nutrie
loadings. This study prowvd a basis for use of mod
results in a decisicmaking process by outlining th
environmental consequences of a series of lase
management options and quantifying nutrient load lim
needed to achieve defined trophic state objectives.

Potential foland use change
to dairy in Southland, Ney
Zealand: Impact orl
profitability and emissions t¢
air and water

Vibart, R.E., Vogeler, |
Dennis, S.B., Burggraaf,
Beautrais, J., & Mackay, A.
(2013). Potential for land us
change to dairy in Southlang
New Zealand: Impact of
profitability and emissions tq
air and water.

Southland has witnessed a pronounced change in
agricultural landscape in recent years. Greater profitabi
of dairy relative to sheep farming has led to a large num
of dairy convesions over the last 20 years, with the sco
for further substantive conversions into the future. T
economic and social benefits have been extensi
reported, but less is understood about the environmen
impacts associated with this land use changEo
investigate the potential effect of land use change frg
sheep and beef to dairy on economic and environmer
outcomes in the Southland region of New Zealand, fa
scale enterprise simulation models were linked w
spatially explicit land resourdaformation. A shift in land
use from the current 15% of land area under dairying t
potential 46% led to a large increase in regional pr
(76%). The environmental impact from this land
change, however, became substantial, with regio
nitrate leachng increasing by 34% and GHG emission
24%. Conversion of more farms into dairying increa
farm profit, N leaching and GHG emissions in the reg
compared with the current situation.

Cost and effectiveness ¢
mitigation measures fol
reducing emis®ns to water
and air from pastoral farms

Vibart, R & Vogeler, |
Dennis, S KayeBlake, W,
Monaghan, R Burggraaf, V.
Beautrais, J. and Mackay,

Using a novel approach that links geospatial land reso
information with indivdual farmscale simulation, w
conducted a regional assessment of nitrogen (N)

phosphorous (P) losses to water from the predominant
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in Southland, New Zealand.

Alec. (2015). Cost an
effectiveness of mitigation
measures for  reducing
emissions to water and ai
from pastoral farms in
Southland, New Zealang
Conference paper.

of pastoral industries in Southland, New Zealand.
evaluation of the cost and effectiveness of several nutri
loss mitigation strategies applied at the faisnale, set
primarily for reducing N losses and grouped by capital
and potential ease of adoption, followed an initial basel
assessment. Grouped nutrient loss mitigation strateg
were applied on an adtive basis on the assumption of fy

FR2LIGA2YZ YR BSNBE ONERL
y dzi NA Sy i YIEYylFr3aSyYySyaQ 6
LINP RdzOGAGAGREQ 6anH0X | YyR

M1 provided for high levels of regional scaleadd Ploss
abatement at a low cost per farm without affecting over
farm production, M2 provided additional -Mss
abatement but only marginal-ldss abatement, wherea
M3 provided the greatest Nbss abatement, but came at
large financial cost to farmers, sheep abelef farmers in
particular. The modeling approach provides a fascale
framework that can be extended to other region
capturing the interactions between farm types, land y
capabilities and production levels, as these influer
nutrient losses and theeffectiveness of mitigatior]
measures.

Landwater interactions in
five contrasting dairying
catchments: issues an
solutions

Wilcock, RJ, Monaghan,
RM., Thorrold, BS,
Meredith, AS, Betteridge, K

and Duncan, MJ. (2007).
Land Use and Wate
Resources Researc
University of Newcastle

upon Tyne, Centre for Lan
Use and Water Resourcg
Research, vol. 7, pagesl0.

Monitoring of five dairy farming catchment streams in N¢
Zealand shows they have high concentrations of N ar
forms and faecalnidicator bacteria. Suspended solids (3
concentrations are sometimes high because of p
riparian management. Trend analysis and specific yield
N, P and SS for two streams that have been monitoreg
five years indicates that little change has ocedrin water
quality. However, improved water quality has be
detected in the trends for two streams that have be
monitored for 10 years, as a result of reductions in pg
sources and improved stock management (less inten
grazing and better strearbank fencing) that have take
place over the longer period. Surveys of farm managen|
practices have been conducted at twearly intervals ang
best management practices are recommended for farm
in each catchment, based on identified linkages betwg
land use and water quality.

The Effects of Riparia
Protection on Channel Forr
and Stability of 6 Graze
Streams, Southland, Ney
Zealand.

Williamson, R.B., Smith R.}
and Quinn, J.M. (1990). Th
Effects of Ripariar
Protection on Channel Forr
and Stability of 6 Grazed
Streams, Southland, Ne
Zealand. Water Quality
Centre Publication No.19.

The effects of grazing animals on stream margins and
benefits of riparian retirement to streambank erosion a
aguatic habitat were assessed through the survey 0
streams and rivers in Southland, New Zealand. Grazing
found to have little effect on channel morphology and bg
stability of most streams.

Effects of riparian grazini

and channelisation  or

Williamson, R.B., Smith R.k

and Quinn, J.M. (1991).

The effectsof mixed sheep and cattle grazing of strea
margins, channelisation, and the benefits of ripari
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streams in Southland, Ney
Zealand. 1. Channel forr
and stablity

Effects of riparian grazin
and channelisation o
streams in Southland, Ne
Zealand. 1. Channel forr
and stability New Zealand
Journal of Marine ang
Freshwater
Research26:2,241-258

retirement were assessed through a survey of five stred
in Southland, New Zealand. Morphological and vegetal
data affecting erosion processes and aquatibitat were
compared among grazed, channelised, and reti
reaches. There is no evidence that grazing streamban
floodplain streams of northern Southland will lead to raj
and severe deterioration of channel form, except in sn
streams (< 2 m wig) under intensive grazing of we
streamside soils. Generally, the dominant eros
mechanism the undercutting of banksis largely
unaffected by grazing stream margins. In contrg
channelisation has led to severe streambank &
streambed erosion in twofahe three streams examined
The major factor in this degradation appears to

straightening and deepening the channel so tf
underlying uncohesive shingle is exposed to high flg
Riparian retirement had variable effects depending on
stability of the stream channel. On smaller, relative
inactive channels, it reduced localised bank erosion fi
livestock trampling, especially at cattle crossings. Howe
this damage (which sometimes can be quite visible) did
lead to significant change in awge channel form or width
in the 715 years since the land has been converted
intensive agriculture from extensively grazed tussg
Retirement also increased vegetation overhang. On

larger channels that were more actively meanderi
retirement had comparatively little benefit because ar
retirement or grazing effects were rapidly overtaken

channel migration.

An alternative wintering
system for Southland: i
comparison of wintering
cows outside, on brassic
crops versus inside, in a fre
stall ban in Southland, New
Zealand

De Wolde, A. (2006). A
alternative wintering systen
for Southland: a compariso
of wintering cows outside
on brassica crops versy
inside, in a free stall barn i
Southland, New Zealand:
dissertation submitted in
partial fufilment of the
requirements for the degree
of Master of Professiong
Studies at Lincoln Universit
Lincoln University, Lincoln.

In New Zealand, dairy cows generally calve in the sp
and produce milk through spring, summer and autun
This is arrangthis way to ensure that there is ample go
quality grass available when the cows require it moist
early lactation. In the winter most farmers dry all the
cows off to let them gain strength and condition

anticipation of the next calving and lactation. The feed
and tending of the cows during the winter period

ISYSNYfte Ol cCoivSiRthe®outhgfii parisR
New Zealand are mainly wintered on brassica crops
common practice is to plough up enough area for win
feed, use the ground for wintering for two years, put t
paddocks back into grass and plough up the next lot.

first crop rotation can take up to eight or ten years, but
some stage the first cropping round will run out a
paddocks that have had brassica crops in them before
have to be used again. This is when the negative effects
felt in regard to soil sucture damage and wee(
infestation. The viability and sustainability of this systen
now in question. This report describes an investigation i
the physical, environmental, animal health/ welfare a
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financial implications of an alternative to thigstem

Remediation Options fo

Southland Estuaries

Survey of Rural Decisig
Makers in Canterbury,
Southland and Waikato.

Zeldis, J., Measures, H
Stevens, L., Matheson, H

and Dudley, B. (2019
Remediation Options fo
Southland Estuarieg

National Institute of Water &
Atmospheric Research Lt
Report. Accessed 13 Ju
2020 from
https://contentapi.datacan
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy
document
library/reports/science
reports/Remediation%200p
tions%20for%20Southland9
20Estuaries%202019.pdf

Brown, P., Small, B., Morga
F., Lynch, C. Burton, R,
Oca Munguia, O.M., Browr
M. (2013). Survey of Rur
Decision Makers in
Canterbury, Southland an
Waikato. Accessed 10 JU
2020 from
https://www.mfe.govt.nz/si
tes/default/files/media/Fes
h%20water/surveyrural-
decisionmakers
canterburysouthland

Several estuaries across Southland are in a degrade
threatened state as a result of intensive land us
reclamation of land, contaminants and habitat loss. T
investigates eight remediation options that cover a rar
2T LROGSYGAl € FOGA2ya F2N
marginal habitats. For each remediation optiori,
identifies the environmental issues addressed, the bene
and feasibility of applying the option, and the likelihood
success with respect to restorative targets. It identif
knowledge gaps, potential ecological sieéects and
qualitative costsnvolved.

Social

This report presents the results of the research project t
looks into understanding farmers' responses to polig
setting limits on the use of freshwater resources. T
purpose @ the study is to use the resulting knowledge
improve current quantitative methods used for poli
evaluation. Obtaining farmer behavioural data W
strengthen the analysis of langse change and adoption ¢
farm practices, which will provide more réslc
predictions for land users' responses to econor
instruments.

Zealanders think,Research
report for Fish and Game N

waikato.pdf
Perceptions of the Colmar Brunton, 2018 Fish and @me commissioned report on perceptions of |
environment:. What New Perceptions of the environment.
Zealanders think environment: What New

Non-Market Water Values ir
Southland

Denne, T., Hoskins, 9
Webster, G, Jowett, |. (2013
Non-Market Water Values ir|
Southland

This report provides an analysis and discussion of the
market valies that individuals and communities hold f
freshwater in Southland.

Beyond the Tanker Trac
the social influence o

dairying in Southland, 199

Greenhalgh, J. an
Rawlinson, Ph. (2013

Beyond the Tanker Trac

The aim of this study was to invegdite the social influencg
that the recent growth of dairying has had in Southla
Over 60 semstructured and informal interviews wer
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to 2012.

the social influence o
dairying in Southland, 199
to 2012. Conference Papg
presented at the New
Zealand Agricultural an
Resource Economics Socie

undertaken with a wide crossection of organisations an
individuals. The overall finding is that dairying
revitalised an ailing Southland economy by creating a wi
range of employment opportunities, drawing in a mo
youthful population, and generating a more diversifi
economic base.

Lake Tourism in Ney

Zealand: An Overview

Hall, C. M., & Stoeffels, M
(2003, Jul). Lake tourism in
New Zealand: an overview
In International Lake
Tourism Conference (pp.- 4
5).

¢KS y2iA2y 2F WOtSIy YR
international perception and imaging of New Zealg
tourism (Hall and Kearsley 2001). Crystaclvater, green
mountains and valleys, and pure white snow, along w
the portrayal of traditional elements of Maori culture al
all elements of the development of New Zealand touri
Fd4 Wwmnmx: tdNBQ® C2N) SEIY
Tourism New Zehly RZ G KS O2dzy i NE Q
marketing organisation, noted that what brings tourists
bS¢ wSItlIyR gla WFA2NRA
other natural and cultural products (Tourism New Zealg
HAnolo® Ly FRRAGAZ2Y (2al
campaigns developed by Tourism New Zealand in re
8SFNER KI @S dzaSR GKS af
| RGSY G dzNB QT  Wwmn E: t dzNJB
' RNBYFfAYSQ YR KIFE@S TSI
bodies including the Southern Lakes, therthal waters of
w2 i 2 NXz YR Y2aid NBOSyi
Tourism 2004: 2).

aLQY vy2i4
Environmentality, eco
populism and governance i
New Zealand Experience
from the Southland
whitebait fishery.

i Haggerty, J. H. (20079.L ¢

y2i I INBS
Environmentality, eco
populism and governance i
New Zealand Experiencg
from the Southland
whitebait fishery. Journal o
Rural Studies, 23(2), 227
237.

The experiences of nascent local institutions in regig
resource management ises in New Zealand can help
inform the important analytical projects of considering t
impacts of neoliberalism on environmental managemg
as well as the meanings of governance as the new ord
rural and natural resource management. This sty
consders how devolved governance shapes individ
subject positions relative to the environment in
yS2f A06SNI € Oz2yGSEGS= RSL
YYSY@ANRYYSYyidlrtAadeqQQ G2 |
ecology of the whitebait fishery in SouthlandNew
Zealand. This research demonstrates that the devolutio
resource governance in New Zealand has -cultive
SYLRgSNBR> Wl OOARSydGlt S
environmental subjectivities. The extent and quality
individual involvement in goveamce influences
GKAGSOFrAGSNARQ LISNOSLIAzZY
resource management priorities. At the same time,
A0NR2 Yy 3R WHORA G Q 02y OS LJi d7
YIEylF3aSyYSyi Ay ¥dzaSa iKS
subjectivities and potentially constins the depth and
RSANEBS 2F FTAAKSNAQ 2 LI
degradation.

Conversion of family farm

Forney, J andStock,

Deregulation of New Zealand agriculture prompted t
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and resilience in Southlang
New Zealand

P.V.(2014).Conversion of
family farms and resilience i
Southland, New
ZealandInternational
Journal of Sociology of
Agriculture andFood, 21(1),
pp. 729. T

growth of dairy farming, particularly in the region

Southland. The formation of the giant cooperati
Fonterra only exacerttead the conversion of sheep farm
AyG2 RIFEANE FIFN¥a GKIG OK
NBIA2yQa GNIXRAGAZ2YLFE ARSy
with converted farmers show that farming families conv
to dairy primarily in an attempt to preserve whas
important for them: farm succession and a professio
identity. At the community level, conversions to da
prompted economic revival and a reversal of populat
loss. This article engages the literature on resilience
rural communities to expB { 2 dzi Kf I Y R(
new economic and farming realities while explori
potential shocks in the future around financialization a
environmental weHlbeing.

Why do good?
Understanding the role o
farmers' norms and beliefy
as predictors of adoptio of
good management practici
in Southland

Luoni, S. (2018). Why d
good? Understanding thg¢
role of farmers' norms ang
beliefs as predictors 0
adoption of good
management practice ir
Southland. Masterate
Thesis. Lincoln Universit
Lincoln.

This research investigates how farmers' norms and be
predict adoption of 10 farm specific good managemg
practices (GMPs) for improved water quality in Southla|
These GMPs are components of Environment Southla
Water and Land 2020 & Beyond PrdjeBased on thesg
GMPs, a survey was conducted which was informed

Y2RAFTASR @S NE A 2-BelieBNormg idslel
(mBN). The modification excluded Stern's values and
ecological paradigm components, in order to focus
beliefs and norms athe most proximal determinants o
GMP adoption. The mBN assumes a causal linear (¢
whereas the results suggest that beliefs and norms
independently effect adoption of GMPs. Parts of the mo
display significance for predicting GMP adoption

overall, the results show the hypothesised mBN model w
a poor fit to the observed data. The discussion identi
the potential role of the individual beliefs and nor
components as targeted intervention points for desir
behaviour change and considers egtiative models ang
their merits for future research

National Policy Statemen
for Freshwater Managemen
Implementation Review
Southlandg Murihiku

Ministry for the Environment
(2017. National  Policy
Statement for Freshwate
Management
Implementation. Reiew
Southland ¢  Murihiku.
Accessed 13 July 2020 fro
https://www.mfe.govt.nz/si
tes/default/files/media/npsf
w-implementationreview
regionalchapter
southland.pdf

The information and analysis contained in this report
based on evidence collected from a questionng
completed by Environment Southland (the Council)
series of interviews and panel discussions with relev
parties, planning documents and associated reports, &
0KS aAyAradNEQa 2y32Ay3 N
the region

The Southland Economi
Project:  Agriculture ang

Moran, E., Pearson, L
Couldrey, M., and Eyre, |

This report brings together a large amount of research
the agriculture sector that induy groups have done a
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Forestry. Technical Report

(2017). The  Southlan
Economic Project

Agriculture and Forestry

part of The Southland Economic Project. Agricult
occupies 87 percent of the developed land in Southlg
and the aim of this research was to develop information
the effectiveness and impacts on profitability of manag
nutrient losses within farm production systems. This rep)
KAIKE AIKGA {2dziKfFyRQa NX
other regions, and it develops a number of themes. On
GKS NRtS 2F {2dziKflyRQa ¢
agriculture and forestryrd, in turn, how this developmen
KFra Y2RAFASR (KS Sy@ANRYy

water and land is highly connected, in comparison to m
other regions. Water now flows more rapidly through t
landscape than in the past, and there are few
opportunities for the natural processing of nutrien
carried in it. Other themes are the complexity and divers
within agriculture, and the connections (and integratio
between its different industries, both efarm and
between farms, which were all impt@ant considerations in
this research.

The Southland Economi
Project:Urban and Industry
Technical Report

Technical Report
Publication no. 20194.
Environment Southland
Invercargill, New Zealang
340pp

Moran, E., McKay D

Bennett, S., West, S., arn
Wilson, K. (2018). Th
Southland Economic Projed

Urban and Industry
Technical Report
Publication no. 201817.

Environment Southland

Invercargill, New Zealang

383pp

This report brings together a large amount of research
the agriculture sector that industry groups have done
part of The Southland Economic Project. Agricult
occupies 87 percendf the developed land in Southlan
and the aim of this research was to develop information
the effectiveness and impacts on profitability of manag
nutrient losses within farm production systemidisreport
brings together research on municipal iewater that
{2dzi Kt | YRQA T RistrtICAuBcdzin@icdrgi
City Council, Southland District Council, and Environn
Southland) have done within The Southland Econon
Project and aimed to develomformation on the financia
costs offurther managing contaminants in discharges
treated wastewater from municipal schemes

Potential impacts of watel
related policies in Southlang

KayeBlake, B., Schilling, (
Monaghan, R., Vibart, R
Dennis, S., and Post,
(2013). Potential impactsf
water related policies in
Southland. Accessed 10 Ju
2020 from
https://www.mfe.govt.nz/si
tes/default/files/potential
impactswater-related-
policiessouthland.pdf

This report investigates the impacts of nutrient caps ¢
mandated farm practices in the Southland region on
economy and environment.

Southland Region: Econom
Impacts of Water Polic)
Decisions Workstream

Mcllrath, L., McDonld, G.,
Bell, B. (2013). Southlan
Region: Economic Impacts
Water Policy Decision

This report provides a regional profile of Southland ¢
highlights current water use trends and implications, g
presents an overview of the significant tea issues in
Southland.
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Workstream

in NewZealand

Overview of Studieg Ministry for the | The purpose of this study is to help inform commun
Assessing the Potentiq Environment, 2013] discussions and support policy making by regional cou
Impact of Scenarios fo Overview of Studieg on the potential economic, environmental, social a
Setting  Water  Quality Assessing the Potentig cultural impacts of freshwater management options. T
Objectives Impact of Scenarios fo study also infoms national policy development on th
Setting  Water  Quality potential impacts of setting freshwater objectives a
Obgctives, Wellington limits, including proposed national bottom lines, under t
National Policy Statement for Freshwater Managem
2011.
Regional Aspects of Touris| Oppermann, M. (1994) Study of regional tourism in New Zealand

Regional aspects of tourisi
in New Zealand.Regional
Studies 28(2), 155167.

Determining Community
Values for the Waitung
Catchment and Lagoon

Wedderburn, L (2015)
Determining Community
Values for the Waituna
Catchment and Lagoor
Accessed 16 July 2020 fro
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy
document
library/reports/science
reports/determining_the_va
lues_for_the_waituna_catch
ment_and_lagoon_report_
2015 _09- agresearch.pdf

This report identifiescommunity valuesof the Waituna
catchment and lagawm, for people at the individual
community, local and regional levels.

GCKSEIZKI YKS
Farm Family Responses
Agricultural Deregulation ir
Southland, New Zealand

Drivers of Phormidium
Blooms in Southland Rive
and the Development of &
Predictive Model.

2Afazyz h ®
/ K yaSR (GKS
Family Responses i

Agricultural Deregulation ir
Southland, New Zealang
New Zealand Geographe
50(2), 13.

Water quality and chemistry

Atalah, J., Rabel, H
ThomsonLaing, G., Wood, §
(2018). Drivers 0

Phormidium Blooms in
Southland Rivers and th
Development of a Predictiv

Model. Cawthron Institute

Agicultural deregulation in the mid980s altered the
economic and political climate in which farm families
New Zealand operate. The results of a survey
sheep/beef farmers in Southland shows that the m
response to the new conditions and the rurabvehturn
g1 a sdétexploQd LYLI Oda @FNRS
finances at the start of the downturn. Farming practiqg
and farmers' attitudes changed but only partly because
deregulation

The prevalence of toxic benthic cyanobacteria blooms
increased in New Zealand rivers over the last decg
These blooms are mosbmmonly formed by the genu
Phormidium. The analysis of environmental driv
revealed a marked seasonal pattern with peak Phormid
cover at the end of the summer and strong ditesite
variability. The relationships with physichemical
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Repot No. 3196. Accesse
10  July, 2020 from
https://envirolink.govt.nz/as
sets/Enviolink/Reports/178
2-ESRC28Driversof-
Phormidiumbloomsin-
Southlandriversandthe-
developmentof-a-
predictivemodel.pdf

variables wasin general very weak. In general, the
findings aligned with patterns described for other rive
nationwide

Analysis of national rive
water quality data for the
period 19982007

Ballantine, D., Booker, D
Unwin, M., Snelder, T
(2010). Analysis of natnal
river water quality data for
the period 1998007

This report provides an updated assessment of natig
river water quality in New Zealand. Analysis of wa
quality data shows that water quality is highly varial
across the country. The trend agaks indicate that treng
strength and direction is highly variable across the coun
The results suggest that water quality decreased over
1998 to 2007 period in lowlevation areas and i
catchments dominated by pastoral land cover. Over

same peiod however, NHN showed decreasing trends

the same categories.

The effects of drain clearin
on water quality of receiving
environments

Ballantine, D., Hughes, 4
(2012). The effects of drai
clearing on water quality o
receiving environments
NIWA Report. Accessed 1
July, 2020 from
https://envirolink.govt.nz/as
sets/Envirolink/1104
ESRC25Theeffects-of-
drain-clearingon-water-
quality-of-receiving
environments.pdf

This study was undertaken to understand the poten
water quality impacts of drain clearing, and the effects
the associated release of nutrients and sediments
downstream ecologicallsensitive environments. Throug
drain clearing, total suspended solids concentrations

concentrations of some water variables increased shar
Total phosphorus concentrations increased. As well
water quality effects, drain clearing significardlffects the
morphology of the drain channel, bank vegetation &
structure, instream ecology and instream physi
conditions.

Water quality trends in New
Zealand rivers: 1982009

Ballantine, D.J., Davie
Colley, R.J.(2014). Water
quality trends in New
Zealand rivers: 1989 -
2009.Environmental

Monitoring and

Assessment86,1939%1950

Recent assessments of water quality in New Zealand |
indicated declining trends, particularly in the 4® of the
O2 dzy (I NBE Qa pdsthi& IThe argsR Giprehensiv
longterm and consistent water quality dataset is tf
National Rivers Water Quality Network (NRWQN). S
1989, monthly samples have been collected at 77 NRW
sites on 35 major river systems that, together, drain ab
5.2 2F bSg %SIFtlFyRQ& I yHF
NRWQN data shows increasing nutrient concentratic
particularly nitrogen (total nitrogen and nitrate), ove
2lyears (19862009). Total nitrogen and nitrat
concentrations were increasing significantdlyer the first
11lyears (19882000), but for the more recent Igear
period, only nitrate concentrations continued to increa
sharply. Also, the increasing phosphorus trends over
first 11years (19882000) levelled off over the later 1(
year period (P00¢2009). Conductivity has also increas
over the 21years (19862009). Visual clarity has increas
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over the full time period which may be the positive res
of soil conservation measures and riparian fenci
NRWQN data shows that concentrations oftmants
increase, and visual clarity decreases (i.e. water qu
declines), with increasing proportions of pastoral land
catchments. As such, the increasing nutrient trends n
reflect increasing intensification of pastoral agriculture.

Water quality trends in
selected shallow lakes in th
Waikato region: 1992001

Barnes G. (2002). Wate
quality trends in selecteq
shallow lakes in the Waikat

Scientific technical report on water glilg trends in
Waikato region

region: 19952001.

Environment Waikatg

Technical Report N@

2002/11.
Mataura Quantitative| Cressey, P., Hodson, & Available information has been used to estimate the ris}
Microbial Risk Assessme| Ward, N., and Humphries, | Campylobacter infection associated with childr
(QMRA) (2017). Mataura] swimming in the Matura River in the environs of Maira

Quantitative Microbial Ris
Assessment (QMRA
Institute of Environmental
Science and Resear(
Limited. Accessed 14 Ju
2020 from

township using quantitative microbial risk assessm

(QMRA.

Groundwater Well and/or
Bore Assessment Heddon
Bush; Central Southland

Dairy Green (2019
Groundwater Well and/orn
Bore Assessment Heddon
Bush; Central Southland

Assessment of shallow groundwater wells in Cen
Southland. Groundwater monitoring wells were identifi
as a source of groundwater nitrate contamination.

Effects of agricultural anc
urban land cover on Ney

Dudley, B.D., R. Burge, O
Plew, D., & Zeldis, J. (202

Nationalscale analyse®f land cover effects on wate
quality can aid in directing environmental polidyor this

%SEFflyRQa S &| Effects of agricultural an{ study, a coastal water quality database for New Zealg
quality urban land cover on NeV comprising 320 estuarine and coastal sites with recg
%S tFyRQa Sa& between 2013 and 201®ascompiled Sites with greagr
quality. New Zealand Journ{ freshwater influence had higher nutrient and faeg
of Marine and Freshwate| indicator bacteria concentrations, and turbidity, indicati
Research, d21. | that open coast and estuarine water quality is redug
doi:10.1080/00288330.202( predominantly via flows from the land. Nitratg
.1729819 ammonium, total and dissolved reacatiyphosphorus, anc
water column chlorophyla concentrations were greater il
estuaries with higher urban land cover and to
phosphorus concentrations were greater with high
agricultural land cover.
New River Estuan| e3Scientific Limited (2019] This report collates, summarises and reviews all

Reclaimed Land Deskto
Assessment

New River Estuar
Reclaimed Land Desktg
Assessment. e3Scientif
Limited report. Accessed 1

July 2020 from

information available regarding the contaminate
reclaimed land along the eastern Waihopai arm of the N
River Estuarin Invercargill, Southland. Understanding t
risks associated with the contamination within the stu
area requires an understanding of the sources, proces

110



https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy.
document
library/reports/science
reports/New%20River%20H
tuary%20Reclaimed%20La
d%20Desktop%20Assessm
nt%202019.pdf

and sinks in and around the estuary. All available literat
pertaining to the environmental ¢gng, history and
contamination of the New River Estuary was collated
reviewed to develop a conceptual site model.

Stream bank erosion il
Murihiku/Southland and
why we should think
differently about sediment

Ellis, T., Hodgetts, J., a
McMecking, J. (2018

Stream bank erosion i
Murihiku/Southland and
why we should think

differently about sediment.
Accessed 13 July 2020 fro
https://contentapi.datacom
sphere.com.au/vl1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy
document
library/reports/scence
reports/Stream%20bank%?2
Oerosion%20in%20Southlat
d.pdf

This report addresses the problem of understandi
simulating and mitigating problem sediment mobilis
from stream bank erosion in Murihiku/Southlan
Aotearoa/New Zealand. The main purpose oflthéport
was to determine methods for bettenforming stream
bank erosion algorithms in the erosion and sedimentat
model SedNetNZ. Popular methods forgite stream bank
erosion mitigation, address symptommot causes and ma
ultimately fail, or makematters worse, unless the mai
drivers are simultaneously addressed.

Lake Brunton Broad Scale
Habitat Mapping 2019

Forrest, B., and Stevens,
(2019). LakeBrunton Broad
Scale Habitat Mapping 201
Salt Ecology Repor
Accessed 13 July 2020, frg
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy.
document
library/reports/science
reports/Lake%20Brunton%?
0%282019%29%20Broad%
0Scale%20Habit#20Mappi
ng.pdf

This report summarises the results of broad scale hak
mapping of Lake Brunton conducted on 9 March 20
Based on surveys conducted in 2008, 2009 and 2013,
Brunton was identified as being in an early eutrophic stg
characterised by poor water clarity and declinin
macrophytes, a variable presence of algal slime, and &
of anoxic, sulphide rich sediments. These same feat
persist in 2019.

Lake George Broad Scale
Habitat Mapping 2019

Forrest, B., and Stevens,
(2019). LakeGeorge Broad
Scale Habitat Mapping 201
Salt Ecology Repor
Accessed 13 July 2020, fro
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9

This report summarises the results of broad scale hak
mapping of Lake George (Uruwera) conducted on
March 2019. The 2019 survey revealed no substan
change in macrophyte cover since the last broad s
survey was undertakeim 2013.
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ayo517q9stt8lsd/hierarchy.
document
library/reports/science
reports/Lake%20George%?2
%282019%29%20Broad%2
Scale%?20&bitat%20Mappi
ng.pdf

Lake Vincent Broad Sca
Habitat Mapping 2019

Forrest, B., and Stevens,
(2019). Lake Vincent Brog
Scale Habitat Mapping 201
Salt Ecology Repor
Accessed 13 July 2020, fro
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt8%d/hierarchy/
document
library/reports/science
reports/Lake%20Vincent%?2
0%282019%29%20Broad¥%
0Scale%20Habitat%20Map
ng.pdf

This report summarises the results of broad scale hak
mapping of Lake Vincent conducted on 1 March 2Q
There have been no subsifive changes in the conditio
of Lake Vincent since the last broad scale survey in 20

Te WaeWae (Waiau) Lago(
Broad Scale Habitat Mappin
2019

Forrest, B., and Stevens,
(2019).Te WaeWae (Waiay
LagoonBroad Scale Habitg
Mapping 2019. Salt Ecolpg
Report. Accessed 13 JU
2020, from
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy.
document
library/reports/science
reports/Waiau%20Lagoon?
20%282019%29%?20Broad
20Scale%20Habitat%20Ma|

ping.pdf

This report summarises the salts of broad scale habitg
mapping of Te WaeWae (Waiau) Lagoon conducted (¢
March 2019. The macrophyte assemblage was m
speciesrich in 2019 (12 species) than in four earlier survi
conducted annually from 2062012 (58 species). More
significanty, compared with the earlier surveys there w
a substantial increase in the percentage cover
macrophytes in the lagoon in 2019.

The ReservoitagoonBroad
Scale Habitat Mapping 201¢

Forrest, B., and Stevens,
(2019). The Reservoi
LagoonBroad Scale Habitg
Mapping 2019. Salt Ecolog
Report. Accessed 13 Jy
2020, from
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy.
document

This report summarises the results of broad scale hak
mapping of The Reservoir conducted on 8 March 2(
There have been no substantive changes in marg
vegetation orlake macrophytes since the last broad sc
survey in 2013.
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library/reports/science
reports/Waiau%20Lagoon?
20%282019%29%?20Broad
20Scale%20Habitat%20Ma

ping.pdf

Human health riskg
associated with
contaminants in Southlang

waters

Gadd, J. (2019). Humg
health risks associated wit
contaminants in Southlan
waters. National Institute of
Water &  Atmospherig
Research Ltd.

Human health is affected by pathogenic organisms

toxic contaminants: for the latter there is little informatio
on potential human health risks. This report provides
high-level overview of the human health risk of tox
contaminants m waterways, estuaries and their potenti
sources in Southland that will be relevant in the object
setting process, highlights key sources of to
contaminants in Southland that should be considered
the objective setting process, ranks the riskdifferent

toxic contaminant sources and activities, and identifies
knowledge gaps with respect to toxic contaminants
Southland and human health risk.

New River Estuary sedimel
sources tracking pilot study

Gibbs, M., Olsen, G., an
Stewart, M. (20%). New
River Estuary sedimer
sources tracking pilot study
National Institute of Water &
Atmospheric Research Lt
report. Accessed 16 Ju
2020 from
https://contentapi.datacom
sphere.com.au/vl1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy
document
library/reports/scierce-
reports/New%20River%20H
tuary%20sediment%?20track
ng%20pilot%20study.pdf

This report assesses the sources of sediment accumul
in the New River Estuary and the possible factors that

be exacerbating soil erosion in the estuary catchment.

resuts show that the major source of the terrigeno
sediment in the New River Estuary is associated with g
erosion.

Effects of mechanicg
macrophyte  control  on
suspended sedimen

concentrations in streams

Greer, M., Hicks, A., Crow, §
& Closs, G. (2016kffects of

mechanical macrophytg¢
control on  suspendec
sediment concentrations ir
streams. New Zealan
Journal of Marine ang
Freshwater Research, 51(2
254¢278.

doi:10.1080/00288330.201¢
1210174

Suspended sediment (SS) is an important pollutan
freshwater ecosystems and can be detrimental to fi
communities. Although macrophytes mediate sedime
deposition, little effort has been put into determining ho
their removal affects sediment resuspension. The pres
study examined the immediate and loterm impacts of
mechanical macrophyte removal on SS concentration
streams. These results demonstrate that macroph
removal can result in SS levels that have previously K
shown to harm fish, and indicate that this activity may
more detrimental tofish than previously thought.

River water quality trends
and increased dairying i

Hamill KD. & McBride G.B.
(2003) River water quality
trends and increaseq

Results indicate that increased dairy farming has b
associated with increasing concentrations of dissol
reactive phosphorus. There has been a worsening in 0
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Southland, New Zealand

dairying in Southland, Ney
Zealand, 37:2, 32332, DOI:
10.1080/00288332003.95
17170

water quality variables (oxidised nitrogen, dissolv
oxygen) but these afs occurred in nordairying
catchments.

Snapshot of Lake Watg
Quality in New Zealand

Hamill, K.,(2006). Snapsho
of Lake Water Quality in Ne
Zealand Ministry for the
Environment.

Summarises which lakes in NZ are surveyed over \
period andwhich indicators are used

Assessing the State (
Periphyton in  Southlang
Streams and Rivers

Hodson, R. and De Silva,
(2018). Assessing the Std
of Periphyton in Southlang
Streams and Rivers
Accessed 13 July, 2020 frg
https://contentapi.datacom
sphere.com.au/vl/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy
document
library/reports/science
reports/Technical%20Repo
%20
%20Periphyton%20state%?
0in%20Southland%20
%20September%202018.p¢

This report provides a revised assessment of the stat
benthic periphyton commonly referred to as slime algag
the Southland region (expressed asnb@c chlorophyll a
(chka, mg m-2 ), askiree dry mass (AFDM, g-tn), or
percentage cover).

Water Quality in Southland
Current State and Trends

Hodson, R., Dare, J. Mer
M., and Couldrey, M. (2017
Water Quality in Southland
Current State and Trend
Environment Southlang
Publication No 201-D4.
Accessed 14 July, 2020 frg
https://contentapi.datacom
sphere.com.au/v1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy
document
library/reports/science
reports/Water%20Quality%
20in%20Southland%20
%20Current%20State%20a|
d%20Trends%20
%20April%202017.pdf

The report provides an assessment of the state and tre
of water quality in Southland rivers, lakes a
groundwater.

Monitoring soil quality in
intensive dairyfarmed
catchments of New Zealang
implications for farm
management and

Houlbrooke, D.J.
Monaghan, R.M., Drewry
J.J., Smith, C., and McGows4
A. Monitoring soil quality i
intensive dairyfarmed
catchments of New Zealang

Soil physical and chemical quality assessments
performed for the predominant soitypes within four
intensively grazed dairy catchments in New Zealand du
the winters of 2001, 2003, 2005 and 2007. The f
catchments monitored were in the following region
Waikato (Toenepi stream), Taranaki (Waiokura streg
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environmental quality

implications for farm
management and
environmental quality.

Accessed 08 July 2020 fro
https://lwww.iuss.org/19th%
20WCSS/Symposium/pdf/0
83.pdf

Canterbury (Waikakahitream) and Southland (Bog Bu
stream). The surveys suggest that, in general, soil qu
was good. Mean soil macroporosity was initially low in
Toenepi catchment but is now within the recommend
range for good pasture production. All catchments,epic
the Bog Burn, have showed that soil macroporosity val
have increased since the study began. A consider
proportion (76%) of farms within all catchments has hig
than optimum concentrations of soil Olsen P. Thes
concentrations have been magihed despite evidence
from farm surveys which suggest that P fertilization ra|
have decreased. However, changes in soil test st
following a change in fertilization policy can be slow
manifest themselves. These high levels are likely to
uneconamic and pose increased risk of P loss
waterways.

Physiographics of Southlan
Development and
application of a classificatio|
system for managing lan|
use effects on water quality
in Southland

Hughes, B., Wilson, K
Rissmann, C., and Rodway
(2016). Physiographics

Southland: Developmen
and application of 3
classification system fo
managing land use effects g
water quality in Southland

Water quality risk for each physiographic zone and var
was identified using assessments of their draing
pathways, and the potential for attenuation or dilutio
processes to occur along each pathway.This water
quality risk assessment was then eds to identify
appropriate mitigation measures to reduce the effects
land use on water quality to support implementation of tf
proposed Southland Water and Land Plan.

Environment Southlang

publication number:

2016/11.
Recreational Waters o Larkin, G, (2013) This report summarises the results of Environm
Southland 2012/13. Recreational Waters o { 2dzi Kf | YRQ& HnamMHkmo YAON

Southland 2012/13.

The programme monitors the public health risk frg
contact recreation at 11 marine beaches, 13 rivers :
lakes, and 8 shellfish gatting sites in the region. Th
report also presents the latest Ministry for th
Environment Suitability for Recreation Grades (SFRGS
Southland marine and freshwater bathing sites. The rey
also summarised the results of the eight shellf
monitoring sites.

Water quality in low
elevation streams and river,
of New Zealand: Recer

state and trends in
contrasting landcover
classes

Larned, S.T., Scarsbro
M.R., Snelder T.H., Norto
N.J. and Biggs, B.J.F. (20(
Water quality in low
elevation streamsand rivers
of New Zealand: Recern
state and trends in
contrasting landcover
classes, New Zealand Jourt
of Marine and Freshwate
Research, 38:2, 34366,

DOI:

River water quality in New Zealand is at great risk
impairment in low elevation catchments because
pervasive landuse changes, yet there has been

nationwide assessment of the state of these rivers. D
from the surfacewater monitoring programmes of 1
regional councils and unitary authorities, aritetNational
River Water Quality Network were used to assess
recent state (19982002) and trends (1992002) in water
quality in lowelevation rivers across New Zealarn
Assessments were made at the national level, and wi
four landcover classes (tiae forest, plantation forest,

115


https://www.iuss.org/19th%20WCSS/Symposium/pdf/0583.pdf
https://www.iuss.org/19th%20WCSS/Symposium/pdf/0583.pdf
https://www.iuss.org/19th%20WCSS/Symposium/pdf/0583.pdf

10.1080/00288330.2004.95
17243

pastoral, and urban).

Colour Clasgtation of 1486
Lakes across a Wide Range
Optical Water Types

Lehmann, M., Nguyen, U
Allan, M., & van der Woerd
H. (2018). Colou
classification of 1486 lake
across a wide range (¢
optical water typesRemote
Sensing10(8), 1273.

Remote sensing by satellit®orne sensors presents
signicant opportunity to enhance the spatiemporal
coverage of environmental monitoring programmes 1
lakes, but the estimation of classi@ter quality attributes
from inland waterbodies has not reached operatio
status due to the difculty of discerning the spectra
signatures of optically active water constituent
Determination of water colour, as perceived by the hum
eye, does not rquire knowledge of inherent optica
properties and therefore represents a generally applica
remotely sensed water quality attribute.

Jacobs River Estuar
Summary of the Ecologic:
Health of the Estuary|

Drivers and Issues

Leonard, M. (2019). Jacol
Rver Estuary: Summary (
the Ecological Health of th
Estuary, Drivers and Issues

The purpose of this report is to summarise the ecolog
state of health of the Jacobs River Estuary, the dri
which affect its health and the issues around settingqyo
and management objectives to improve Jacobs R
Estuary ecological health.

Monitoring the impact of
farm practices on watel
quality in the Otago anc
Southland deer focus farms

Mcdowell, R.W.,
Mcgrouther, N.,Morgan, G.,
Srinivasan M.S., Stevens
D.R.,Johnson M., Copland
R. (2006). Monitoring the
impact of farm practices of
water quality in the Otagg
and Southland deer focu
farms. Journal of New
Zealand Grasslandé8,183
188

Two deer focus farms (1 each in Otago and Southlg
were establibed to showcase how productivity an
environmental objectives can coincide. Water quality
the unfenced and partially fenced tributaries was poor w|
no water quality parameters meeting ANZECC guideli
whereas water quality in the fenceoff and plared
tributary was better. Water exiting the retired area m
ANZECC guidelines. Although water quality on parts of
deer farms did not meet ANZECC guidelines, w
management practices such as fencing off and the crea
of a pond were used water qugl improved. More
importantly, an area retired from grazing and furth
development on the Southland DFF showed that weg
quality could be significantly improved and could be bet
than that entering the farm.

Water quality and the effects
of differentpastoral animals

McDowell RW., &
Wilcock RJ  (2008)Water
quality and the effects o
different pastoral
animals,New Zealand
Veterinary

Journal 56:6,289-296,

Water quality in agricultural catchments tends to be wor
than in forested (native or exotic) catchmen®Reduced
water quality tends to hee significant effects on the
ecosystem of streams, including increased nuisance ¢
and plant growth (eutrophication) associated with nutrie
input, toxicity to aquatic life due to ammonia, faeg
contamination, and loss of habitat or spawning areas
to sedimentation.An analysis of catchment contaminal
loads from 38 studies conducted since 1975 was car
out to determine if there were differences in loac
between land uses under different livestock (dairy, she
sheepandbeef (mixed), deer) andnon-agricultural.
Significantly more N was lost from dairy catchments tH
catchments with other land uses, and more sediment |
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from deer catchments than other catchments.

¢NBYRa Ay {2
quality: a  comparisor|
between regional ang

national monitoring sites for
groundwater and rivers.

Moreau, M., Hodson, R
OHAMPO ¢NBYR;
water quality: a comparisot
between regional ang
national monitoring sites fo
groundwater and rivers. GN
Science Consultancy Repo
2014/61. 110p.

This reort consists of trend analysis on equivalent tir
windows for ground and river water systems, compa
these systems, as well as comparing trends in water qu
between Southland and other regions.

Sheep as a Potential Sourt
of Faecal Pollution in
Southland Waterways

Moriarty, E.(2017)Sheep ag
a Potential Source of Faec
Pollution in  Southlang
Waterways. Institute of
Environmental Science an
Research Limited report
Accessed 14 July 2020 fro
https://contentapi.datacom
sphere.com.au/v1/Bo3Aes/
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy.
document
library/reports/science
reports/Sheep%20as%20a?
20potential%20source%20d
f%20microbial%20contamin
ation%20in%20Southland.p
df

Due to the large number of sheep in Southland (
million), the prolonged survival of E. coli in ovine faec
during the warmer seasons and their daily faecal out
(approximately 1 kg per day), a potentially large reser
of contamination exists in Southland. During rainfall
irrigation generated overland flow ould result in
considerable contamination of the waterways.

Sources of Pollution in thi
Aparima Freshwatel
Management Unit

Moriarty, E., Pantos, O., an
Coxon, S. (2019). Sources

Pollution in the Aparimg
Freshwater = Managemen
Unit. Institute of

Envirormental Science an
Research Limited report
Accessed 13 July 2020 fro
https://www.es.govt.nz/rep
ository/libraries/id:26gi9ayo
517q9stt81sd/hierarchy/dog
ument-
library/reports/science
reports/Environment%20So
uthland%20
%20Aparima%20FMU.pdf

Environmental waters may be impacted by fae
contamination from human and animal sourcas;luding
the discharge of municipal sewage or animal effluer
seepage from septic tanks, stormwater and urban-aoff)
agricultural ruroff, and direct deposition by animal
including birds, wildlife, and livestock (where acc
permits). This reportdetails the results of a study ¢
sources of faecal pollution at 9 freshwater sites within
Aparima Freshwater Management Unit (FMU)

Southland, between December 2014 and September 2

Sources of Pollution in th
Mataura Freshwater
Management Unit

Moriarty, E., Pantos, O., an
Coxon, S. (2019). Sources

Pollution in the Mataura
Freshwater = Managemen
Unit. Institute of

Environmental waters may be impacted by fae
contamination from human and animal sources, includ
the discharge of municipal sewage or animal effluer
seepage from septic tanks, stormwater and urban-aif)
agricultural runoff, and direct deposition by animal
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Environmental Science an
Research Limited report
Accessed 13 July 2020 fro
https://lwww.es.govt.nz/rep
ository/libraries/id:26gi9ayo
517q9stt81sd/hierarchy/dog
ument-
library/reports/science
reports/Envirooment%20So
uthland%20
%20Mataura%20FMU.pdf

including birds, wildlife, and livestock (where acct
permits).This report details the results of a study of fae
pollution sources at 15 freshwater sites within the Iviaita

FreshwateManagement Unit (FMU) in Southland.

Sources of Pollution in th
Oreti Freshwater
Management Unit

Moriarty, E., Pantos, O., an
Coxon, S. (2019). Sources

Pollution in the Oreti
Freshwater = Managemen
Unit. Institute of

Environmental Science an
Research Limited report.
Accessed 13 July 2020 fro
https://lwww.es.govt.nz/rep
ository/libraries/id:26gi9ayo
517g9stt81sd/hierarchy/dog
ument-
library/reports/science
reports/Environment%20So
uthland%206
%200reti%20FMU.pdf

Environmental waters may be impacted by fae
contamination from human and animal sources, includ
the discharge of mungipal sewage or animal effluent
seepage from septic tanks, stormwater and urban-aff)
agricultural ruroff, and direct deposition by animal
including birds, wildlife, and livestock (where acc
permits).This report details the results of a studf/faecal
pollution sources at 13 freshwater sites within theeti
Freshwater Management Unit (FMU) in Southland.

Sources of Pollution in th
Waiau Freshwater
Management Unit

Moriarty, E., Pantos, O., an
Coxon, S. (2019). Sources

Pollution in the Waiau
Freshwater = Managemen
Unit. Institute of

Environmental Science an
Research Limited report
Accessed 13 July 2020 fro
https://www.es.govt.nz/rep
ository/libraries/id:26gi9ayo
517g9stt81sd/hierarchy/dog
ument-
library/reports/science
reports/Environment%20So
uthland%206
%20Waiau%20FMU. potif

Environmental waters may be impacted by fae
contamination from human and animal sources, includ
the dischargeof municipal sewage or animal effluent
seepage from septic tanks, stormwater and urban-aoff)
agricultural ruroff, and direct deposition by animal
including birds, wildlife, and livestock (where accq
permits). This report details theesults of a study of faecg
pollution sources at five freshwater sites within the Wai
Freshwater Management Unit (FMU) in Southland.

Water Quality Modelling for
the Southland Region

Palliser, C and Elliot,
(2013). Water  Quality
Modelling for the Southlang
Region.  NIWA  Repor
Accessed 10 July 2020 fro
https://www.mfe.govt.nz/si

This report describes the catchment model used to pre
median concentrations of TN (total nitrogen), TP (tg
phosphorus) and E. coli at monitored sites in the Southl
region and the loasl of these contaminants to estuaries
this region.
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tes/default/files/water-
quality-modelling
southlandregion.pdf

New River Estuary CLUES
Estuary analysis

Plew, D. (2016). New Riv
Estuary - CLUES Estua
analysis. National Institute g
Water &  Atmospheric
Research Ltd report
Accessed 14 July 2020 fro
https://contentapi.datacom
sphere.comau/v1/h%3Aes/
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy.
document
library/reports/science
reports/New%20River%20H
tuary%20CLUES%20
%?20Estuaries%202017%2(
nal.pdf

Total nitrogen (TN) concentrations in the New Ri
Estuary are predicted usingdehCLUESSstuary approach
CLUE&Sstuary is a Glsased tool that predicts nutrien
concentrations in an estuary using a combination of
use models to predict nutrient loads, and analytical estu
models to calculate the dilution between sester and
riverine water in the estuary. The model returns a sin
estimate of time and volume averaged potential tof
nitrogen (TN) concentration in the estuary for a giv
nutrient load, tidal prism and freshwater inflow.

Waituna Catchment Wate
Quality Review

Rekker, J., and Wilson,
(2016). Waituna Catchmer
Water Quality Review
Lincoln  Agritech  Limitec
report. Accessed 1 July 207
from
https://contentapi.datacom
sphere.com.au/vl1/h%3Aes
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy
document
library/reports/science
reports/Waituna%20Catchn
ent%20Water%20Quality%b]
OReview.pdf

This report examined the Mokotua Infiltration Zone (M
concept which was proposed in a recent groundwa
technical report on the Waituna catchmerdnd assesse
the catchment boundaries assigned by Environm
Southland o the basis of land surface gradient.

Physiographics of Southlar
Part 1: Delineation of ke)
drivers of regional
hydrochemistry and watel
quality

Rissmann, C., Rodway,
Beyer, M., Hodgetts, J., R
Snelder, T., Pearson, |
Killick, M., Marapara, T..R
Akbaripasand, A., Hodso
R., Dare, J., Millar, R., Ellis,
Lawton, M., Ward, N.
Hughes B., Wilson K
McMecking, J., Horton, T
May, D., Kees, L. (201§
Physiographics of Southlan
Part 1: Delineation of ke

drivers of regional
hydrochemistry andwater
quality.  Publication No

The key aim of this work was to better understand g
estimate spatial variation in freshwater hydrochemistry
a regional scale in Southland, New Zealand usin
physiographic approach. The authors developed aisg
gquantitative, mechanistic conceptual model to estimg
the hydrochemical variation in groundnd surface waters
and shallow, soil influenced groundwater.
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Identifying Pollutant Source
within the Waimea
Catchment: Applying
Hydrochemical Tracers t
Surface Water Time Serie
Data

Rissmann, C. and Pearson
(2018). Identifying Pollutan
Sources within the Waime
Catchment: Applying
hydrochemical tracers tg
surface water time serie

data. Land and Wate
Science Report 2018/1f
p54.

This report aimed to icrease temporal resolution an
understanding of water source and contaminant supply
the Waimea Stream, using a novel hydrogrpagh separg
method to time series water quality data for surface wal
sites within the Waimea Valley, Southland, New Zealar|

A hydrochemically guidel
landscape classificatio
system for modelling spatig
variation in multiple water
quality indices: Procesg
attribute mapping

Rissmann C.W.F. Pearson
L.K, Beyer M., Couldrey
M.A. Lindsay J.L, Martin,
A.P, Baisden W.T, Clough
T.J, Horton, T.W, and
WebsterBrown J.G.(2019).
A hydrochemically guide
landscape classificatio
system for modelling spatig
variation in multiple water
quality indices: Procesg
attribute mapping

Spatial variationn landscape attributes can account f
much of the variability in water quality relative land use
on its own. Such variation results from the coupli
between the dominanprocessegoverning water quality
namely hydrological, redox, and weathering and gradie
in key landscapattributes, such as topography, geolog
andsoil drainag 5Sa LA GS i K Sprodess
I 0 G NRradizitsS (PAG), few water qualitmodels
explicitly account for their influence. Here a process
based water quality modelling framework is presented tk
more completely accounts for the role of landscal
variability over water quality, ProcessAttribute Mapping
(PoAM). Critically, ldrochemical measures form the bag
for the identification and mapping of effective landsca
attributes, producing PAG maps that attempt to replica
the natural landscape gradients governing each domin
process. Application to the province of Southla
(31,824km2), New Zealand, utilised 12 existing geospg
datasets and a total of 28,626 surface water, groundwa
spring, soil water, and precipitation analyses to guide
identification and mapping of 11 individual PAG. Ci¢
validated R2alues ranged beteen 0.81 and 0.92 fo
median total nitrogen, total oxidised nitrogen, tot
phosphorus and dissolved reactive phosphorus.

| 2YRAGAZY 21
Shallow, Intertidal
Dominated Estuaries |
Relation to Eutrophicatior
and Sedimentation: Outpu
1: Data Analysis and
Technical Assessment

Robertson, B.M., Steven
L.M., Ward, N., ang
Robertson, B.P., 201]
I 2YRAGAZY 2 7
Shallow, Intertidal
Dominated Estuaries i
Relation to Eutrophicatior
and Sedimentation: Outpu

1: Data Analysis an
Technical Asessment -
Habitat Mapping,
Vulnerability =~ Assessmern
and Monitoring

Recommendations Relate
to Issues of Eutrophicatio

This report summarises and analysedevant existing
Southland SIDE data in order to assess estuary trophic
and fine sediment condition, undertakes an init
assessment of the relationship between catchme
Yydzi NASyid FyR &aSRAYSyd 2

27F 02 y OS LJi at), dnd &rBakes Y Scienc
recommendations. In addition, this includes a review
available water quality data in New River Estuary, estu
bathymetry studies, hydrodynamic modelling of New Ri
Estuary, macroalgal nutrient uptake studies, catchm
land u® mapping, and catchment sediment and nutrig
and load estimates (representing current and histori
inputs).
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and Sedimentation. Repol
prepared by Wriggle Coast

Management for
Environment Southland
172p.

Faecal Source Investigatiol
in  Selected  Southlani
Waterways

Rusinol, M., and/oriarty, E.
(2014). Faecal Sourcg
Investigations in Selecte
Southland Waterways.
Institute of Environmenta
Science  and Resear
Limited report.

Animalspecific viruses, mainly from the Adenoviridae a
Polyomaviridae families have been suggested as fa
source tracking (FST) tools due to their hegécificity,
resistance to many inactivation processes, high prevale
and common excretion in faeces or urine. In our curr
study, based in Southland, FST analysis was carried 0
11 rivers, targeting a variety of dairying, sheep and ur
catchments to demonstratehe ability of the assay tq
detect ovine pollution in NZ waters. We also determin
GKS NAGSNEQ ASRAYSYyGd LI NI
of the water and sediment to determine if correlatior
existed between the E. coli concentration of the weaaed
sediment and virus particles and sediment particle size

Nutrient Loads to Protec|
Environmental Values i
Waituna Lagoon, Southlang

Scanes, P. (2012). Nutrie
Loads to Protec
Environmental Values i
Waituna Lagoon, Southlan
NZ.Accessed 8 July 20
from

https://www.researchgate.n
et/publication/268036506
Nutrient_Loads_to_Protect |
Environmental_Values_in_
Waituna_Lagoon_Southlan
Nz

Waituna Lagoon is a brackish, intermittently closed oy
lake/lagoon (ICOLL) in Southland (New Zealand; 4
latitude) approx. 20 km to the east of Bluff. ICOLLs
recognised as the most sensitive type of estuary to ing
of nutrients and sediments, due to long water residen
times and limited interaction with the ocean (Haines et
2006, Scanes et al. 2007, Robertson et al. 20Thg
objective of this reportvasto recommend interim nutrient
load targets to protect the envinmental values of
Waituna Lagooybased on analyses of loads to similar N
lagoons. In order to prevent a drastic and potentig
irreversible change to the ecological character of Waity
Lagoonjt wasrecommended that, as an interim step, th
mean nutient loads of both N and P associated with N
estuaries that have moderately disturbed catchments
adopted as interim load targets while a more detail
assessment is made of the ecological condition of Wait
[F322y | YR AGQa NB asldtohiracht
derived nutrients, entrance manipulation and salin
stress.

Multiple lines of evidence
determine robust nutrient

load limits required to
safeguard a threatene
lake/lagoon  systemiNew
Zealand

Schallenberg, M.Hamilton,
D.P, Hicks, A.S$.Robertson,
H.A, Scarsbrook, M.
Robertson, B. Wilson, K.
Whaanga, D.Jones H.F.E.
Hamill K.  (2017Multiple
lines of evidence determing
robust nutrient load limits
required to safeguard 4
threatened lake / lagoon
system New Zealand

Three independent scientific lines of evidence were sou
to determine the nutrient load limits to safeguard th
macrophyte community of an intermittently closed ar
open lake/lagoon (ICLL): (1) a literature review identifie
nitrogen load thresholds related to the collapse

macrophytes in similar systems in Australia, Europe

elsewhere, (2) an ICOLL expert carried out an assess
based on current local data and on data from 5&#alian
coastal lakes and lagoons, and (3) a deterministic cou
hydrodynamieecological model was developed ar
applied to simulate the ecological outcomes of seve
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Journal of Marine ang
Freshwater

Research51:1,7895

nutrient loading scenariosMultiple lines of evidence
helped derive robust nutrientbad limits for managing thg¢
ICOLL to safeguard values associated with a heg
macrophyte community.

Environmental Assessmer
of Farm Mitigation Scenario
in Southland

Snelder, T and Fraser, C

(2013) Environmental
Assessment of Farn
Mitigation ~ Scenads in

Southland. Accessed 10 Ju
2020 from
https://www.mfe.govt.nz/si
tes/default/files/environme
ntal-assessmenfarm-
mitigation-scenarios
southland_0.pdf

This report provides an assessment of the water quz
outcomes associated with different fartavel mitigation
scenarios and evaluates the results in terms of level
acceptability proposed by the National Objectiv
Framewok (NOF). Existing river quality in Southla
achieves a high level of attainment against the propo
NOF attributes. The results indicate that the current le
of water quality would be maintained or improved in th
future under nearly all the mitigatiorscenarios, with
improvements increasing as mitigation becomes m
stringent. However, at the regional level the
improvements are not large, as mitigation measu
mainly impact dairy farming, which currently makes
2yte wmmr 27 (K &l laNdu3eiaddyionl
LIN2E2SOGSR (2 AyONBFrasS
estuaries are likely to be more sensitive receiv
environments than rivers and that contaminant loss frg
all farming activities in the region (not just dairy farmin
has its mosmarked effect on estuaries.

Identification of priority
areas for actions to
address land and wate
issues.

Snelder, T., Fraser, (
Hodson, R., Ward, N
Rissman, C., Hicks,

(2014) Regional Sca
Stratification

27F { 2 dzi Kf I

Quality ¢ Guidance for

Water and Lang
Management. Aqualinc
ReportNo.

C13055/02, prepared fo
Southland Regiong
Council, March 2014
Christchurch

This report details the development of the Water a
Land Management Stratification(WLMS). The
purpose of the WLMS is to identify the highe
priority areas for actions taddress specific land an
water management issues and, conversely, ar
where land andvater management risks are low.

Nitrogen loads to New
Zealand aquatic receivin
environments: comparisor|
with regulatory criteria

Snelder, T. H., Whitehead,
L., Fraser, C., Larned, S. T
Schallenberg, M. (2020
Nitrogen loads to New
Zealand aquatic receivin
environments: comparisor
with regulatory criteria. New
Zealand Journal foMarine
and Freshwater Researclr;, |
24,
doi:10.1080/00288330.202(

There is concern about the deteriorating nutrient status
aquatic receiving environments in New Zealand. This s
estimated the amount by which current nitrogen (
concentrations and loads exceed criteria in rivers, lal
and estuaries nationallNon-compliance with N criterig
was broadly distributed nationally particularly in lo
elevation catchments. Catchments with unacceptable
status constituted at least 31% of New Ze&ta@ a f |
GKAOK O2NNBalLRyRa G2 i
agricultural land.
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Review of the risks fron
emerging organiq
contaminants in
waterbodies to human ang
environmental health in
Southland.

Stewart, M. and Tremblay, |
(2020) Review of the gks
from emerging organig
contaminants in
waterbodies to human ang
environmental health in
Southland. Report ESO1%0
Final 2404-20, Streamlined
Environmental, Hamilton, 6

pp.

This report outlines the risks from emerging contamina
potentially in Soutl y RQa 6 G6SNJ 62 R/
health and ecosystem health of the receiving environme

Soil quality targets for Olse
P for the protection of
environmental values

Taylor, M.D. Drewry, J.
CurranCournane F, Pearso
L, McDowell RW, Lynch B
(2016). Soil quality target
for Olsen P for the protectior
of environmental values. In

Integrated nutrient and
water management for
sustainable farming. (Ed

L.D. Currie and R.Sing
http://flrc.massey.ac.nz/pub
lications.html.  Occasiong
Report No. 2912 pages.

Regional councils need tools to assess potential risks tc
environment, including those associated with phospho
(P). Currently, soil quality monitoring (SQM) is used
assess soil health. In this paper, they estimate potenti
loss from different soils and demonstrate two rig
assessment models that use SQM data collected fro
regions of NZ. The upper Olsen P target for SQN
discussed in the light of the model results. Both 1
assessment models can be used with regional council
quality monitoring data to identify the relative risk of P Ig
in overland /subsurface flow. These models estimated
relative risk of P loss for different soil orders at variou
saturation factors. Results showed there were substan
soil type efécts on P loss risk and losses from flat lal
while less than losses from slopes of the same soil type
still be considerable. The risk of P transport may be |
due to the slope and less likely to cause overland flow,
if concentrations of OlseR are excessive and P retenti
low, the risk from a flat high fertility area may be ultimate
much higher than that for steeper, lower fertility areas.
may be that protecting all environmental values will

impracticable if the goal of enhancing m@ry production
is to be achieved and there will need to be a trade
between production and water quality

The Influence of
Groundwater Nitrate on the
Waimea Stream, Southlan(
New Zealand

Thornton, J.M. (2016) Th
Influence of Groundwate
Nitrate on the Waimea
Stream, Southland, Ney
Zealand Thesis. University g
Canterbury, Christchurch.

It has long been understood that groundwater and surfe
water interact, and thus cannot be studied separate
Gaining an understanding of the relationship &
comnectivity between the two is critical for wate
management in New Zealand. However, interactiq
between surface and groundwater are naturally compl
varying both spatially and seasonally due to a multitude
different factors. The aim of this study wascharacterise
the connectivity between the groundwater of the Waimg
Plains in Southland, which has highly elevated nitr
concentrations near the small town of Balfour, and t
Waimea Stream, which has also been shown to h
elevated nitrate concentitions. As overland flow is

significant contributor to flow during winter, the winte
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increase of nitrate and DRP is expected to stem fi
increased farm run off. Future management of nutrig
inputs into the Waimea Stream should therefore focus
limiting winter surface runoff inputs of both DRP a
nitrate. Groundwater inputs of nitrate will be much mo
difficult to ameliorate, although the use of on farm nutrie
budgets should help limit the vertical loss of nitrate do
into the Waimea Plains agei.

Summary of review an(
further estuarine
management consideration
for Environment Southland.

Ward, N. & Roberts, K., 201
Summary of review ang
further estuarine
management consideration
for Environment Southland

This report explores the relationship between catchme
nutrient/sediment loads and ecological state in a particu
hydrological estuary type across Southland. This est
Gel)sS AyOfdzRSa az2vysS 27 |
including New Rar, Jacobs River, Waikawa and Haldg

Report prepared by estuaries.
Environment Sothland.
54p.
Estimating Time Lags fq Wilson, S., Chanut, P This report presents a regiemide study to estimate the

Nitrate Response in Shallo|
Southland Groundwater

Rissmann, C., and Ledga
G. (2014). Estimating Tim
Lags for Nitrate Response

Shallow Southlang
Grourdwater. Accessed 13
July 2020 from

https://www.es.govt.nz/rep
ository/libraries/id:26gi9ayo
517q9stt81sd/hierarchy/eny
ironment/science/science
summary
reports/estimating_time_la
gs_for_nitrate_response_in
_shallow_southland_groung
water.pdf

length of time it will take for changes in land practices
reach the groundwater table. The results of the modell
indicate that shallow groundwater beneath properties
most of Southland will respond rapidly to a reduction
leaching rates. Most of Saii Kf | Yy RQa & K| f
(close to the water table) is expected to show so
response to a change in farming practices within five ye
Large future increases in nitrate concentrations are o
expected in discrete areas beneath older more eleva
outwash gravel deposits.

Predicting Groundwatel
Redox  Status in thg
Southland Region

Wilson, S., Close, M
Abraham, P. (2016
Predicting Groundwate
Redox  Status in  th¢
Southland Region. Linco
Agritech Limited.

This report presents a methodology anesults for
predicting the redox status of groundwater for th
Southland region. Reducing conditions are necessary
denitrification to occur. We can therefore use maps
predicted redox status to identify areas where potentia
significant nitrate redction could occur in the subsurfac
Groundwater chemistry sample data from t
Environment Southland database were classified i
redox categories: oxic, mixed, or reduced. These categ(
were then related to spatial parameter datasets, such
geology, topography and soil characteristics usi
discriminant analysis. Models were incorporated into (
and the prediction of redox status was extended over
whole region, excluding mountainous land. This knowle
improves spatial prediction of reducedogindwater zones,
and therefore, when combined with groundwater flo
paths, improves estimates of denitrificatio

124


https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/environment/science/science-summary-reports/estimating_time_lags_for_nitrate_response_in_shallow_southland_groundwater.pdf
https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/environment/science/science-summary-reports/estimating_time_lags_for_nitrate_response_in_shallow_southland_groundwater.pdf
https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/environment/science/science-summary-reports/estimating_time_lags_for_nitrate_response_in_shallow_southland_groundwater.pdf
https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/environment/science/science-summary-reports/estimating_time_lags_for_nitrate_response_in_shallow_southland_groundwater.pdf
https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/environment/science/science-summary-reports/estimating_time_lags_for_nitrate_response_in_shallow_southland_groundwater.pdf
https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/environment/science/science-summary-reports/estimating_time_lags_for_nitrate_response_in_shallow_southland_groundwater.pdf
https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/environment/science/science-summary-reports/estimating_time_lags_for_nitrate_response_in_shallow_southland_groundwater.pdf
https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/environment/science/science-summary-reports/estimating_time_lags_for_nitrate_response_in_shallow_southland_groundwater.pdf
https://www.es.govt.nz/repository/libraries/id:26gi9ayo517q9stt81sd/hierarchy/environment/science/science-summary-reports/estimating_time_lags_for_nitrate_response_in_shallow_southland_groundwater.pdf

Groundwaters to the north of the Hokonui and Takitin
ranges are predicted to be dominantly oxic in nature.
the south of these ranges, th@revailing redox condition i
reduced, and mixed redox status is seen along the ripa
terraces of the major rivers.

Science Preparedness fi
Limit-Setting

Wilson, K. and Norton, N
(2018). Sciencg
Preparedness for  Limit
Setting. Accessed 13 Ju
2020 from
https://contentapi.datacom
sphere.com.au/v1/h%3Aes/
repository/libraries/id:26gi9
ayo517q9stt81sd/hierarchy.
document
library/reports/science
reports/Science%20Prepare
dness%20for%20Limit%20S
tting%20Report.pdf

The purpose of this report was to identify the types
scientific informationand skills which have provided th
greatest value to limit setting processes elsewhere in N
Zealand, and to use this as a basis for asses
OYOPANRBYYSyYy(l {2dziKfl yRQa
current strengths, gaps and opportunities) for its ne
stage of limitsetting.

Advice on Benthig
Cyanobacteria Health Risl
and Communicatior
Strategies in the Southlan
Region

Wood, S. (2017) Advice ¢
Benthic Cyanobacteri
Health Risks an
Communication Strategies i
the  Southland  Region
Cawthron Institute, Repor
No. 3075. Accessed 10 Ju
20202 from
https://envirolink.govt.nz/as
sets/Envirolink/Reports/178
1-ESRC168DVICEN-

BENTHKCYANOBACTERIA
HEALTHRISK&ND

COMMUNICATIGN

STRATEGHE$THE

SOUTHLANREGION.pdf

Benthic cyanobacteria that produce toxins and fo
blooms have increased in prevalence in New Zealand ri
in the last decade. It is important the public is edted
about the risks Phormidium poses, but that this is done
a manner that does not scare them away from using riv
Potentially toxic Phormidium are present at a humber
sites in the Southland region. The concentrations of to
at some sites arextremely high (i.e. the highest detecte
in New Zealand to date), and preliminary studies h
shown that anatoxins accumulate in aquatic organism
one site.

Lake water quality in Ney
Zealand 2010: status an
trends

Verburg, P., Hamill, K
Unwin, M, J. Abell, J. (201(
Lake water quality in Ney
Zealand 2010: status an

trends. New Zealang
Ministry for the
Environment. NIWA Clien

Report HAM2014.07.

Study at a national scale of Lake water quality in N
Zealand 2010: status and trends
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https://envirolink.govt.nz/assets/Envirolink/Reports/1781-ESRC169-ADVICE-ON-BENTHIC-CYANOBACTERIA-HEALTH-RISKS-AND-COMMUNICATION-STRATEGIES-IN-THE-SOUTHLAND-REGION.pdf
https://envirolink.govt.nz/assets/Envirolink/Reports/1781-ESRC169-ADVICE-ON-BENTHIC-CYANOBACTERIA-HEALTH-RISKS-AND-COMMUNICATION-STRATEGIES-IN-THE-SOUTHLAND-REGION.pdf
https://envirolink.govt.nz/assets/Envirolink/Reports/1781-ESRC169-ADVICE-ON-BENTHIC-CYANOBACTERIA-HEALTH-RISKS-AND-COMMUNICATION-STRATEGIES-IN-THE-SOUTHLAND-REGION.pdf
https://envirolink.govt.nz/assets/Envirolink/Reports/1781-ESRC169-ADVICE-ON-BENTHIC-CYANOBACTERIA-HEALTH-RISKS-AND-COMMUNICATION-STRATEGIES-IN-THE-SOUTHLAND-REGION.pdf
https://envirolink.govt.nz/assets/Envirolink/Reports/1781-ESRC169-ADVICE-ON-BENTHIC-CYANOBACTERIA-HEALTH-RISKS-AND-COMMUNICATION-STRATEGIES-IN-THE-SOUTHLAND-REGION.pdf
https://envirolink.govt.nz/assets/Envirolink/Reports/1781-ESRC169-ADVICE-ON-BENTHIC-CYANOBACTERIA-HEALTH-RISKS-AND-COMMUNICATION-STRATEGIES-IN-THE-SOUTHLAND-REGION.pdf
https://envirolink.govt.nz/assets/Envirolink/Reports/1781-ESRC169-ADVICE-ON-BENTHIC-CYANOBACTERIA-HEALTH-RISKS-AND-COMMUNICATION-STRATEGIES-IN-THE-SOUTHLAND-REGION.pdf
https://envirolink.govt.nz/assets/Envirolink/Reports/1781-ESRC169-ADVICE-ON-BENTHIC-CYANOBACTERIA-HEALTH-RISKS-AND-COMMUNICATION-STRATEGIES-IN-THE-SOUTHLAND-REGION.pdf

AppendixA: Individualcatchment group area statandtrend
information
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Balfour Waimea Upper Mataura Catchment Group

E44/0377
E44/0046 ;. E44/0008 E44/0008

E44/0047 E44/0036

E44/0036
82 82

Left: E. colisurface and groundwater monitoring sites current state

Right: TON (surface water) and N@8 (groundwater)monitoring sites current state
Site key: Groundwater r as labelled
Surface water refer to Appendix B for site names
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Surface Water Quality State and Trends

Summary oft. Colstate and trends in surface water
E. Coli

Trend

Monitoring sites in catchment 10-year

‘ Likely improving

. . Very likely
LongridgeSream atSandstone Indeterminate improving
. . Very likely Very likely

North PeakSream atWaimeaValley Rd Indeterminate T improving

* 20142018LAWAmedian graded as per NFE®/1 2020

Summary of Total Oxidised Nitrogen (TON) state and trends in surface water
Total Oxidised NitrogerfTON} Trend

Monitoring sites in catchment 10-year 15year

Not assessed

LongridgeSream atSandstone C
Very likely

North PeakSream atWaimeaValley Rd A TS

" Total Oxidized Nitrogen (TON) is the sum of nitrate and nitxiieite is generally a very small fraction of the TON concentration in rivers, TON is tak
be equivalent to the nitrate concentration
* 20142018LAWAmMedian graded per NPEBM 2020usingTON as surrogate for MOl

Likely improving Not assessed

Groundwater Quality State and Trends

Summary ofE. Colstate and trends in groundwater

0 3 omparison to D hd/or LAWA data
onito 0 e a e ate 01418 eedance catego
E44/0008 Not detected 0%
E44/0036 Detected 0-10%
E44/0046 Not Detected N/A
E44/0047 Not Detected N/A

* https://www.stats.govt.nz/indicators/groundwateguality
" Gradescategorised as peBtats NZ (2012018)

Summary of NitrateNitrogen state and trends in groundwater
E. Coli Statistics NZ comparison to DWSNihd/or LAWA data

Monitoring sites incatchment State (201418) Exceedance categoty

E44/0036

* https://www.stats.govt.nz/indicators/groundwateguality
" Gradescategorised as peBtats NZ (2012018)
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Between the Domes Catchment Group

£43/0026
P94
79 i
E44/0173
&
I £44/0014 81
A
E44/0045 A %‘%0087
£44/0012

E44/0007

E44/0044

A
E43/0026
L
79 LS y’i

E44/0173

E44/0087.42 81
104

E44/0007

£44/0044

Left: E. colisurface and groundwater monitoring sites current state

Right: TON (surface water) and N@$ (groundwater) monitoring sites current state
Site key: Groundwater r as labelled
Surface water refer to Appendix B for site names
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Surface WaterQuality State and Trends

Summary ofE. Colstate and trends in surface water
E. Coli

Monitoring sites in catchment NOF banc| 5-year 10-year 15year

Cromel Stream at Selbie Rd ‘ Likely improving Not assessed Not assessed
Irthing Stream at Ellis Rd D Likely improving Indeterminate | Very likely improving
Oreti River at Lumsden Bridge B Very likely improving| Likely improving Indeterminate
Oreti River at Three Kings Likely improving | Likely improving Not assessed
Dipton Stream at South HillenBipton Rd N/A Very likely improving|  Not assessed Not assessed
Mataura River at Parawa D Very likely improving| Likely degrading|  Likely degrading

* 2014-2018 LAWA median graded as per NiR&2020
Summary of Total Oxidised Nitrogen (TON) state and trends in surface water

Not assessed Not assessed

otal Oxidised 0ge O ate end
onitoring e 2 e O ea O-yea ea
band
Cromel Stream at Selbie Rd A Likely degrading Not assessed
Irthing Stream at Ellis Rd B Not assessed
Oreti River at Lumsden Bridge A Not assessed Not assessed
Lo . ) . . Very likely
Oreti River at Three Kings A Likely improving improving Not assessed
B

Dipton Stream at South Hilleridipton Rd

Mataura River at Parawa A Not assessed Not assessed

" Total Oxidized Nitrogen (TON) is the sum of nitrate mitrite. Nitrite is generally a very small fraction of the TON concentration in rivers, TON is tak
be equivalent to the nitrate concentration
* 2014-2018 LAWA median graded per NP8 2020 using TON as surrogate fog-NO

Groundwater QualityState and Trends

Summary ofE. Colstate and trends in groundwater

E. Coli Statistics NZ comparison to DWSNihd/or LAWA data
Monitoring sites in catchment State (201418) Exceedance categoty
E44/0173 Detected 0-10%
E44/0044 Detected 0-10%
E44/0007 Detected 0-10%
E43/0026 Detected 10-25%
E44/0087 Detected 10-25%

* https://www.stats.govt.nz/indicators/groundwateguality
" Grades categorised as per Stats NZ (22048)

Summary of NitrateNitrogen state and trends in groundwater
Statistics NZ comparison to DWSNihd/or LAWA data

Monitoring sites incatchment State (201418), NQ-N mg/L Exceedance categoty
E44/0173 7.20 0%
E44/0044 0.02 0%
E44/0007 7.30 0%
E43/0026 4.20 0%
E44/0087 1.35 0%

* https://www.stats.govt.nz/indicators/groundwateqguality
" Grades categorised as per Stats NZ (22048)
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Gore Waimumu Catchment Group

Left:
Right:
Site key:

F45/0343
A
FA5/0172 FA5/0172

F45/0576 F45/0168 £45/0463 AA F45/0168
FA5/0463 a

F45/0555
{90 {90
126

A
F45/0170

E. colisurface and groundwater monitoring sites current state

TON (surface water) and N@$ (groundwater) monitoring sites current state
Groundwater r as labelled

Surface water refer to Appendix B for site names
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Surface WaterQuality State and Trends

Summary oft. Colstate and trends in surface water

E. Coli Trend

Monitoring sites in catchment 5-year 10-year

Mataura River at Gore Indeterminate Indeterminate Likely degrading
. Very likely . . . Very likely
Waikaka Stream dBore improving Very likely improving improving

* 20142018LAWAmedian graded as per NfFB/4 2020

Summary of Total Oxidised Nitrogen (TON) state and trends in surface water
Total Oxidised NitrogerfTON} Trend

Monitoring sites in catchment 10-year 15year

. A Likely degrading Notassessed
Mataura River at Gore

. Very likely Likely improving Not assessed
Waikaka Stream at Gore improving
" Total Oxidized Nitrogen (TON) is the sum of nitrate and nitXiteite is generally a very small fraction of the TON concentration in rivers, TON is tak
be equivalent to the nitrate concentration

* 20142018LAWAmedian graded per NPEBM 2020using TON as surrogate for ;N

Groundwater Quality State and Trends

Summary ofE. Colstate and trends in groundwater

E. Coli Statistics NZ comparison tDWSNZand/or LAWA data
Monitoring sites in catchment State (201418) Exceedance categoty
F45/0168 Detected >25%
F45/0463 Detected 0-10%
F45/0172 Detected 10-25%
F45/0170 N/A

F45/0343 N/A

F45/0576 Not Detected Not assessed
F45/0555 Not Detected Not assessed

* https://www.stats.govt.nz/indicators/groundwatequality
" Gradescategorised as pestats NZ (2012018)

Summary of NitrateNitrogen state andrends in groundwater

E. Coli Statistics NZ comparison to DWSNihd/or LAWA data
Monitoring sites in catchment State (201418) Exceedance categoty
F45/0168 3.2 0%
F45/0463 4.8 0%

* https://www.stats.govt.nz/indicators/groundwateguality
" Gradescategorised as peBtats NZ (2012018)
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Hedgehope Makarewa Catchment Group

E46/0097 £46/0097

Left: E. colisurface and groundwater monitoring sites current state

Right: TON (surface water) and N@8 (groundwater) monitoring sites current state
Site key: Groundwater r as labelled
Surface water refer to Appendix B for site names
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Surface WaterQuality State and Trends

Summary oft. Colstate and trends in surface water

0 ate end
onitoring e a e O ea O-yea ea
orsigle
Dunsdale Stream at Dunsdale reserve B Likely improving Likely degrading | Likelydegrading
Makarewa river at Wallacetown ?{’:;‘r’o':l'fsg’ Likely improving | Likely improving
Waikiwi Stream at North Road ?ﬁ;{;&ﬁg’ Likely improving mﬂfﬁg

Hedgehope Stm 20m u/s Makarewa Confl NA Not assessed Notassessed Not assessed
* 20142018LAWAmedian graded as per NFE®/1 2020

Summary of Total Oxidised Nitrogen (TON) state and trends in surface water
Total Oxidised NitrogerfTON} Trend

Monitoring sites in catchment 10-year 15year

Dunsdale Stream at Dunsdale reserve A Indeterminate Not assessed
Makarewa river at Wallacetown B | Likely degrading ?ﬁ;{;ﬂfﬁg’ Not assessed
Waikiwi Stream at North Road B Likelydegrading Not assessed
Hedgehope Stm 20m u/s Makarewa Confl A Indeterminate Not assessed Not assessed

A Total Oxidized Nitrogen (TON) is the sum of nitrate and niiiite is generally a very small fraction of the TON concentration in rivers,i§ @ken to
be equivalent to the nitrate concentration
* 20142018LAWAmedian graded per NPEM 2020using TON as surrogate for ;NQ.

Groundwater Quality State and Trends

Summary ofE. Colstate and trends in groundwater
E. Coli Statistics NZ comparison to DWSNihd/or LAWA data

Monitoring sites in catchment State (201418) Exceedance categoty

E46/0097 Detected

* https://www.stats.govt.nz/indicators/groundwateguality
" Gradescategorised as pestats NZ (2012018)

Summary of NitrateNitrogen state and trends in groundwater
E. Coli Statistics NZ comparison to DWSNihd/or LAWA data

Monitoring sites in catchment State (201418) Exceedance categoty
E46/0097 5.70 0%

* https://www.stats.govt.nz/indicators/groundwatequality
" Gradescategorised as pestats NZ (2012018)
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Lower Aparima Catchment Group

A

E46/0092 E46/0092

D46/0031 A D46/0031

nun |
Left: E. colisurface and groundwater monitoring sites current state
Right: TON (surface water) and N@8 (groundwater) monitoring sites current state
Site key: Groundwater r as labelled
Surface water refer to Appendix B for site names
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Surface WaterQuality State and Trends

Summary oft. Colstate and trends in surface water
E. Coli

Monitoring sites in catchment

Very likely
improving

Very likely
improving

Aparima River at Thornbury D Very likely improving

* 20142018LAWAmedian graded as per NfFB/1 2020

Summary of Total Oxidised Nitrogen (TON) state and trends in surface water
Total Oxidised NitrogerfTON) Trend

Monitoring sites in catchment 10-year 15year

Very likely
improving
~ Total Oxidized Nitrogen (TON) is the sum of nitrate and nitXiteite is generally a very small fraction of the TON concentration in rivers, TON is tak
be equivalent to the nitrate concentration

* 20142018LAWAmedian graded per NPEM 2020using TON as surrogate for {N@

Aparima River at Thornbury A Likely improving Not assessed

Groundwater Quality State and Trends

Summary ofE. Colstate and trends in groundwater
E. Coli Statistics NZ comparison tDWSNZand/or LAWA data
Monitoring sites in catchment State (201418) Exceedance categoty

D46/0031 Detected 10-25%

E46/0092 Detected

* https://www.stats.govt.nz/indicators/groundwateguality
" Gradescategorised as peBtats NZ (2012018)

Summary of NitrateNitrogen state and trends in groundwater
E. Coli Statistics NZ comparison to DWSNihd/or LAWA data

Monitoring sites in catchment State (201418) Exceedance categoty
D46/0031 1.79 0%
E46/0092 7.85 0%

* https://www.stats.govt.nz/indicators/groundwatequality
" Gradescategorised as peBtats NZ (2012018)
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Lower Mataura Catchment Group

——
Left: E. colisurface and groundwater monitoring sites current state
Right: TON (surface water) and N@$ (groundwater) monitoring sites current state
Site key: Groundwater r as labelled
Surface water refer to Appendix B for site names
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Surface WaterQuality State and Trends

Summary oft. Colstate and trends in surface water
E. Coli Trend

Monitoring sites in catchment 5-year 10-year

. . ) ) ; . Very likely

Mataura river atMatauralslandBridge ‘ Likely improving Indeterminate improving

. . ’ ; . . . Very likely

MokoretaRiver atWyndhamRver Road “ Likely improving | Very likely improving i
OteramikaQream atSeawardDowns ‘ Likely degrading Indeterminate Likely improving

* 20142018LAWAmedian graded as per NfFEB/1 2020

Summary of Total Oxidised Nitrogen (TON) state and trends in surface water
Total Oxidised NitrogerfTON}

Monitoring sites in catchment

Mataura river atMatauralslandBridge A Indeterminate Not assessed Not assessed
MokoretaRiver atWyndhamRver Road B Likely improving Indeterminate Not assessed

Not assessed

OteramikaSream atSawardDowns B Likely degrading

" Total Oxidized Nitrogen (TON) is the sum of nitrate and nitNiteite is generally a very small fraction of the TON concentration in rivers, TON is tak
be equivalent to the nitrate concentration
* 20142018LAWAmMedian graded per NPBM 2020using TON as surrogate for ;NQ.

Groundwater Quality State and Trends

There are no groundwater quality monitoring sites in this catchment arethe LAWA website and as such no
state ortrend information has been presented. Additiofaformation may be held by ES.
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Makarewa Headwaters Catchment Group

Left: E. colisurface and groundwater monitoring sites current state

Right: TON (surface water) and N@8 (groundwater) monitoring sites current state
Site key: Groundwater r as labelled
Surface water refer to Appendix B for site names
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Surface Water Quality State and Trends

Summary oft. Colstate and trends in surface water

E. Coli ‘ Trend

Monitoring sites in catchment 5-year 10-year

Otapiri Stream at Otapiri Gorge ‘ Indeterminate Indeterminate Indeterminate
‘ Very likely

Makarewa River at Lora Gorge Road T Very likely improving | Likely improving

* 20142018LAWAmedian graded as per NfFB/4 2020

Summary of Total Oxidised Nitrogen (TON) state and trends in surface water
Total Oxidised NitrogerfTON) Trend

Monitoring sites in catchment 10-year 15year

Otapiri Stream at Otapiri Gorge Likely degrading Not assessed

Makarewa River at Lora Gorge Road A Indeterminate Not assessed

" Total Oxidized Nitrogen (TON) is the sum of nitrate and nitNiteite is generally a very small fraction of the T@dhcentration in rivers, TON is taken t
be equivalent to the nitrate concentration
* 20142018LAWAmedian graded per NPBM 2020using TON as surrogate for ;NQ.

Groundwater Quality State and Trends

There are no groundwateguality monitoring sites in this catchment area on the LAWA website and as such no
state or trend information has been presented. Additional information may be held by ES.
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Mid-Aparima Catchment Group

A
D45/0004 D45/0004

A
D45/0006 A

109~ D45/0005 109~ D45/0005

Left: E. colisurface and groundwater monitoring sites current state
Right: TON (surface water) and N@8 (groundwater) monitoring sites current state
Site key: Groundwater r as labelled

Surface water refer to Appendix B for site names
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Surface WaterQuality State and Trends

Summary oft. Colstate and trends in surface water

E. Coli Trend

Otautau Stream at Otautaliuatapere Rd Likely improving Likely improving Indeterminate
Otautau Stream at Waikouro

* 2014-2018 LAWA median graded as per NfR62020

Indeterminate Likely improving Indeterminate

|
Monitoring sites in catchment q ‘ 10-year

Summary of Total Oxidised Nitrogen (TON) state and trends in surface water
Total Oxidised Nitrogen (TON) Trend

Monitoring sites in catchment 10-year 15year

Otautau Stream at Otautaliuatapere Rd Likely degrading Not assessed

Otautau Stream at Waikouro Likely degrading Not assessed

~ Total Oxidized Nitrogen (TON) is the sum of nitrate and nitrite. Nitrite is generally a very small fraction of ten€&Miration in rivers, TON is taken t
be equivalent to the nitrate concentration
* 2014-2018 LAWA median graded per NP8 2020 using TON as surrogate fog-NO

Groundwater Quality State and Trends

Summary ofE. Colstate and trends in groundwater

E. Coli Statistics NZ comparison to DWSNihd/or LAWA data
Monitoring sites in catchment State (201418) Exceedance categoty
D45/0004 Detected 10-25%
D45/0005 Not detected 0%

* https://www.stats.govt.nz/indicators/groundwateguality
" Grades categorised as per Stats NZ (22048)

Summary of NitrateNitrogen state and trends in groundwater
E. Coli Statistics NZ comparison to DWSNihd/or LAWA data

Monitoring sites in catchment State (201418) Exceedance categoty
D45/0004 1.03 0%
D45/0005 3.40 0%

* https://www.stats.govt.nz/indicators/groundwatequality
" Grades categorised as per Stats NZ (22048)
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Mid-Oreti Catchment Group

E45/0012

A
45/0772 75
£45/0034

EA5/0055

E45/0011

E46/0104
A

141

E46/0099

Left: E. colisurface and groundwater monitoring sites current state

E45/0012
LS

45/0772 75
E45/0034

E45/0055

E45/0011

E46/0104

2}
141

E46/0099

Right: TON (surface water) and N@$ (groundwater) monitoring sites current state
Site key: Groundwater r as labelled
Surface water refer to Appendix B for site names
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Surface WaterQuality State and Trends

Summary ofE. Colstate and trends in surface water
E. Coli

Monitoring sites in catchment 5-year 10-year

Very likely . ] . ’
TussockOreek athoper Rd ‘ improving Likely improving Indeterminate
Winton Sream atLochiel Likely improving | Very likely improving | Likely improving

BogBurn d/s HundredLine Rd Likely improving | Very likely improving | Indeterminate
* 20142018LAWAMedian graded as per N8/ 2020

Summary of Total Oxidised Nitrogen (TON) state and trends in surface water

Total Oxidised NitrogefTON} Trend
Monitoring sites in catchment 10-year 15year
y . Very likely
Tussock Creek at Cooper Rd B Likely degrading T Not assessed
. . . . Very likely
Winton Stream at Lochiel B Likely degrading improving Not assessed
. . . . Very likely
Bog Burn d/s Hundred Line Rd A Likely improving Iy Not assessed

" Total Oxidized Nitrogen (TON) is the sum of nitrate and nititite is generally a very small fraction of the TON concentration in rivers, TON is tak

be equivalent to the nitrate concentration
* 20142018LAWAmMedian graded per NPEBM 2020usingTON as surrogate for MOl

Groundwater Quality State and Trends

Summary ofE. Colstate and trends in groundwater

0 3 omparison to D hd/or LAWA data
onitoring e 2 e ate 01413 eedance catego
E45/0011 Detected 10-25%
E45/0012 Detected 0-10%
E46/0099 Detected 0-10%
E45/0055 Not Detected 0%
E45/0034 Detected 10-25%

* https://www.stats.govt.nz/indicators/groundwatequality
" Gradescategorised as pestats NZ (2012018)

Summary of NitrateNitrogen state and trends in groundwater
Nitrate-Nitrogen Statistics NZ comparison to DWSNxhd/or LAWA data

Monitoring sites in catchment State (201418), NG-N (mg/L) Exceedance categoty
E45/0011 10.65

E45/0012 4.30 0%
E46/0099 6.10 0%
E45/0055 6.90 0%
E45/0034 0.00 0%

* https://www.stats.govt.nz/indicators/groundwatequality
" Gradescategorised as peBtats NZ (2012018)
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New River EstuarfForum

' ===l
Left: E. colisurface and groundwater monitoring sites current state
Right: TON (surface water) and N@8 (groundwater) monitoring sites current state
Site key: Groundwater r as labelled
Surface water refer to Appendix B for site names
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