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“The term ‘iconic’ is often used in conversations about Molesworth. It is valued for a range
of reasons—its wide open landscape, the indigenous ecasystand species it supports, its
high country farming tradition and ongoing operation as New Zealand'’s largest farm, and
§Z Z]*8}E&] o v po3uE o Z E]5 P 3Z 35 3E A oo E+U }3Z D
have left behind. Overlaid upon this set afues is a strong interest from the public to visit
and experience Molesworth.

This management plan describes these (and other) values that are to be safeguarded.

—Molesworth Management Plgi2013

“One of the anomalies of modern ecology is thé the creation of two groups each of
which seems barely aware of the existence of the other. The one studies the human
community almost as if it were a separate entity, and calls its findings sociology, economics,
and history. The other studies the plamd animal community, [and] comfortably relegates
the hodge-podge of politics to “the liberal arts.” The inevitable fusion of these two lines of
thought will, perhaps, constitute the outstanding advance of the present century.”

—Aldo Leopold1935
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health has ber declining. Animal agricultuiisa significant contributor to this decline.
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conservation, recreation, historical and farming values. For this reason, managers of the
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recommendations on monitoring and improving the health of its waterways over time. This

thesis found the health of streams and rivesa Molesworthto be good It provides

recommendations on monitoring and management, includingaarehere action could be

taken to address the likely impacts of fine deposited sediment on waterways.

'JA v }8Z 8Z < o }( }3 &} E A « o v [candvits impad® @] po3uE

freshwater quality and habitaimprovingthe health of waterwaywill require anincrease in

pro-environmental behaviour from farmers amdll need to be sustained. This thesis also

looks beyond Molesworth Station to investigate the influence of basic human values-on pro
VA]JE}vu v3 o Z A]}puE ]v 1}3 @@&Egriculiural sector. vt puggests that

prioritisation and priming of certain basic human valug® likely to sypress pre

environmental behaviour and posits that targeted vaksessitive communication could

play a role in encouraging and increasing-prwironmental behaviour to meet the challenge

of improving the health of waterways on agricultural land.
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1.1 Problem Statement

As a publichowned reserve, Molesworth Station iseing managed to provide for
conservation, recreatio, culture, farming, and historical valueBhese are thevalues that
are to be safeguarded” (Department of Conservation, 2013).f,As8animal agriculture can
impact the health of waterways in a numbef ways, maintaining farming valuedgthe
Landcorprun beef operation) on the resee could impact its other valgenotably cultural,

recreation and conservatiomlues

Improving the health of Aotearo&Z A « o v [+ A § EA C+ }v PE] poSuE o o
challenging at a national scale. Scientists have identified the nature and extent of farming
impacts and sought to provide mitigation optioas$ farm, regional andnational scale.

.}A A E Uerféir@Biental behaviours are not always adopted and resource constraints

do not always adequately explain why.

1.2 Aim of Research

The aim of this thesis to facilitate improvement of freshwater quality and habitat on
Molesworth Station and identify lessons that could be applied elsewhere to meet the

challenge of improving the health of waterways on agricultural land.

1.3 Objectives

Describe impacts of animal agriculture on the health of waterways.

Surveyecosystem healthwater andhabitat quality and invertebratesdf rivers and

streams on Moleswdh Station.



3. Identify appropriate mitigation to improve water and habitat qualiéggg¢systenmhealth) of

waterways on Molesworth Station.

4. Investigate factors that may be limiting adoption of govironmental behaviouwith
respect to improving the heditof waterways on agricultural larid Aotearoa E A

e OV

1.4 Contribution to knowledge

This thesis contributes to knowledge of Molesworth Station and provides recommendations

on how the health of its waterways can be monitoreadiamproved.

Using pblicly available observed and expected data sets to prioritise work to improve
sediment loss to waterways appears to be novel. The open access of the data could mean
this is a relatively loveostapproach to identifying and prioritising areas for fine dsped
sediment mitigation and could have some wider application, particularly for hill country

farmers.

Investigation of the role of values in farmeraigion making in an Aotearoa E A « 0 v
context and their likely role in theuppression of pr@nvionmental behaviour among
AotearoaE A ¢« o v ( Eu Ee %% @E+ o<} §} VIA oX

1.5 Limitations

Limitations are identified within chapters.



1.6 Outline of thesis

In 2017, Ladcorp commissioned the work ofiapters three and four in order to identifyng
impacts on water quality on Molesworth Station from the beef operatiomon the reserve
Commissioning the work came in response to compldimas the publicabout cattle in
waterways on the property in summer 2016 and concern about the risk to hureatth
while swimming from faecal contamination (M. Joy, Personal communication, February
2017). The then General Manager of Environment approached then Massey University
Freshwater Ecologist Dr Mike Joy for advice on how best to monitor the health efwvests
on the property, leadings} $Z A 0}%u v3 }( 8Z]* u 8 E[* % E}i 35X

As a starting point,l@apter two reviews the many ways that animal agriculture can impact
the health of waterways. It focuses particularly on the impacts from pastoral farrdagy;,

and sheep and beef.

Chapter threadescribesasurvey of stream and river sitearried out on Molesworth Station

in March 2018 It builds on three surveys conducted by the Cawthron Institute a decade
earlier,while improving their approach by including parameteffiabitat quality as well as
water quality The survey aimed to identify a representative sample of accessible stream and
river sites that could be monitored over time, establish appropriate monitoring parameters
and identify any impacten the health of waterwaykkely to be influenced by farm activity.
The survey found thatvhile water quality wagenerally good on the statiofwith no sites
breaching primary contact guidelinegine deposited sedimentvas likely to be impacting

the hed$3Z }( *Ju }( 8Z <& 8]}v[e <3 Ehapter ttwee@dApr@seited as a

reportto Landcorp and MoleswortBtation managemernin August 2018.

Chapter four recommends actions that would addriesimpactof fine deposited sediment

in a way thatis consistent with the values of the station (including protecting indigenous
ecosystems and recreation opportunities). As a naturally highly erodible landscape, it was
important to differentiate between sites where fine deposited sediment was moreylikel

be influenced by farm activity than natural processes aldhés led to a desktop analysis of

observed versus expected data fidentify where predicted natural conditions were



significantly exceededrecommendationsvere then madebased on this deskp analysis
alongside knowledge from the literaturand insight on local conditions gained during the
survey. Chapter four was presenteds a reportto Landcorp and Molesworttstation

managemenin Deember2018.

Findly, chapter fivelooks beyond Moleserth Station andnvestigateswhy, despite many
reports providing fam-, regional-and nationalscalerecommendations for improving the
health of waterwaysthere appears to be limited adoption of penvironmental behaviour
by the animal agricultursecta and the continued decline of the health of waterways in
AotearoaE A « o0 Itakes a cue from Aldo Leopold whaisedthe need for fusion of
thought(page i <p}S ]v , (& o )addossiédlogy and sociacienceslt attempts
such a fusiorof thought across disciplinda order to meet the challenge of improving the
health of waterways on agricultural land. The chajsieggessthat prioritisationand priming
of certain basic human values (as identified by Sctin)aare likely to suppress po-
environmental behaviour ilotearoaE A « o farmers andosits that targeted values
sensitive communication may encourage and increasegprironmental behaviodin order

to improve the health of waterways



2.1 Introduction

Globally,animal agriculture has been identified as the most significant contributor to the
degradation of waterwaygDavies, Thompson, Biggs, & Williams, 2009; Flavio, Ferreira,
Formigo, & Svendsen, 2017; OECD, 20@ikwise, in AotearosE A« o (Yulian, de

Beurs, Owsley, Davi€olley, & Ausseil, 2017; Matthaei, Piggot, & Townsend, 20H3)ite

AotearoaE A « o v Z AJvP o P]eo 3]}v ]V %0 E <@ficBjorP 3Z A}
E u C }( VA]JE}vu v3 0 Ju% Se ]v i60iU 8Z Z o08Z }( 32 }
declined over the last three decadegarticularly where animal agriculture systems have
intensified (Drummond, 2006; Ministry for the Environment atdatisticsE A ¢« o v U

2017).

Animal agriculture impacts the health of waterwalgg altering chemical, physical and
biological parameters as well as disrupting ecosystem services provided by water bodies
(Ballantine & Davie€olley, 2014; DavigSolley, 2013; Glienan, 2017; Julian, dBeurs,
Owsley, Davie€olley, & Assail, 2017; Matthaei et al., 2010; Ministry for the Environment
v 7§ §]e8] « E A « oThesk impdctsXcan be more severe where agricultural
operationshave been intensified (Ballantine &fdesColley, 2014; Ballantine Raves
Colley, 2014; Juliaat al., 2017; Moller et al., 2008; Parliamentary Commissioner for the

Environment, 2004)

Animal agriculture in Aotearo&E A ¢ 0 v  }ve]e3e % E }u]v v30C }( *Z % U

pig, deer, pouty and goat farming (Ministry of Primary Industries, 20THis review focuses

on AotearoaE A ¢« o v [« §ZE 0 EP 8§ v]u o PE] poSuE =+ S}E-
JVEE] pdllve v SZ JE Ju% $§ }v 3§Z(Minjstry SFPEmaryAndusEids C e

2017) Therefore, the termanimal agriculturewill refer to sheep, beef and dairy production,

unlessotherwisestated. Thisreview aims to refer primarily to AotearoE A + o-based

research produced in the last 20 years.



2.2 Animal agriculture in A&aroa New Zealand

Aotearoa E A « o v Z - Z]*3}EC }( v]u o PE] péxQe@ry P]Jvv]vP ]v

(Pawson & Brooking, 2008)owards the end of the century, the development of pastoral
agriculture had contributed to the widespread deforestatioh Aotearoa E A « o v
(Parliamentary Commissioner for the Environment, 204@)l a burgeoning “grasslands
revolution” (Pawson & Brooking, 2008By the early 20 Century, pastoral agriculture
covered 5.9 million hectares and the government began work#in large areas of lowland
wetlands to convert land to pasture (Brooking, Pawson, & Star, 2011; Parliamentary
Commissioner for the Environment, 201Zhis has been dubbed by agricultural historians

asAotearoaE A ¢« o v PE] HOSHE [« " (MAakeod &IMolerZ2606)

Between 1920 and 197@otearoaE A « o v v3 E 3Z ~Jvs ve](] 3]}V %Z -

saw area in pasture remain stable but stocking rates increase by 150 percent facilitated by
developments in soil science, plant and anima&daling techniques, and the increasing use

of fertilisers (Brooking et al., 2011; MacLeod & Moller, 2008)e “later intensification
phase” is identified as beginning in the 1980s and continuing t¢MaclLeod & Moller,

_u

¢

N1

A

2006) Currently, 39.8 percent ofotearoa E A « o v [+ 0 Vv E ] Jv #A}S] P& +¢0 V

(10,675,00Chectares)~D]v]+*3EC (}E& 3Z VvA]E}vu vd v "3 STh&] « E A «

trend over the last decades has been towards intensifying agricultural practices, particularly
in the dairy sctor (Ballantine &aviesColley, 2014Julianet al., 2017; MacLeod & Moller,
2006; Moller et al., 2008; Parkyn & Wilcock, 2004; Parliamentary Commissioner for the
Environment, 2004)

AotearoaE A « o v Z e+« Z }v }( §8Z Z]PZ <5 tid & thepyoillddn ve](]

recent decadesparticularly in the dairy sectqdulianet al., 2017)X dZ hv]S E S]}ve &}}
v PE] poSuE KEP v]e §]}v[e (]vipsrigasinghd use of sriduts @lg.v ]

fertiliser, energy, water for irrigatigrknowledge or capital) into farming systems to produce

more product from the same area of larfBarliamentary Commissioner for the Environment,

2004) Aotearoa E A + o0 v u] « D} o ¢2aE8)offer a Xevised definition,

proposing‘any increasen farm inputs or farm production otakes per unit area of land,” in

order to include operations where econonmtensification had not occurred.

o

\

L



Over the last few decades, area in pasture has remained relatively @titicstry for the
Environmentand*$ §]«3] « E A « oXv,UATWAGEU 32 E pupe (JE JEC %
increased by 283,700ha between 1996 and 2008, and agal®» th00between 2008 and

2012 (Parliamentary Commissioner for the Environment, 2013, 20kb) similar time

period, the number of dairy cattle more than doubled ~~3 §]+38] « E A «. Thisv U Tiifie
change in land use and intensity has been facilitated by an increase in the use of fertilisers,
particularlythe nitrogenous fertiliser, as well as increases in imported feadl iengation

(Foote, Joy, & Death, 2015; Parliamentary Commissioner for the Environment, PR 3)se

of nitrogenaus fertiliser has increased 627 percesihce 1990 inotearoaE A « o v

~n8 §]e8] « E A201%). Between 2002 and 2017, area irigated land increased by

68 % E v3 ~"5 §]*3] « E A Thischas tlednti fhat Xespitdotearoa E A

e« ov Z AJvP o PJeo 3]}V ]v %0 E <pu]J]EJvP 8Z A}l v U u
environmental impacts since 1991, the health of the colfrr A § EA Ce Z - olv }A
the last three decades ~ Epuu}v U TiioV D]v]*3EC (}E §Z VvA]E}vu vs§

e oV U iiio-

2.3 Waterways iAotearoaNew Zealand

AotearoaE A « o v Z + u}E& 3Z v 8iiUiii IJo}u SE « }(386AE ue Vv
lakes larger than 1 hectaf&luckman, 2017Y0f the total length of all streams and rivers in
the country, 46 percent flow through pastoral land (Ministry for the Environment and Stats
E+U T1ii@lméate and topography mean the western regions of toentry tend to be
wetter than the eastern regions. Gluckman (2017) describes Aotedfodh + o v [

<u]( €+ v PEIpv A S E + ~ £33 Vve]A U % ES] po EoC Jv 82
the regions have influenced land use and led to variable water quality and trends in waterway
degradation across the country. For example, nitraiteogen leaching from agricultural land
Z v *5Ju § 3§} ZlPZ €& ]Jv 8Z E}E&SZ /0o Vv SZ v §Z "}uszu
Canterbury(Ausseil, Dymond, Kifsbaum, Andrew, & Parfitt, 201.3)

Waterways in AotearosE A « o v Z A v ¢«]Pv](] v8oC PE (E}u 3
state (Gluckman, 2017; Parliamentary Commissioner for the Environment, 2@f2)
monitored groundwater sites, 23 percent have Eschegiclli(E. coli counts that exceed

drinking water guidelines (Daughney & Randall, 2009}helength of streams andvers on

7



running through pastoral lan®6 percent andd0 percent exceed natural conditions ftmtal
nitrogen and totalphosphous levéds respectively (Ministry for the Environment and Stats
EeU 171i0X -Htf8gen Salues have worsened at 55 percent of monitored sites
nationwide and at 61 percent of monitored pastoral sites (Ministry for the Environment and
ng §]e8] « E A « 7). Modellgdidata suggests that in the absence of human activity
fine sediment would cover eight percent of riverbeds nationally (Ministry for the
VA]J]E}vu v8 v 7§ §]«§] « E AUsingadhe saméimaodelling, it was estimated
that in 2011 that 2 percent of riverbeds is covered in fine sediment. Presently, 70 percent
of the length of waterways in AotearoE A « o v ( ]Joe 8} u & 3Z D]Vv]*SEC }( , 03

primary contact guidelines for faecal contamination (McBride & Stoller, 2017).

2.4 Impact a physical parameters

2.4.1 Erosion and sediment

Underlying geology, rainfall and topography of a region are the main factors that influence

erosion and the transport of sediment through a catchment (Basher, 2013} A A GEU §Z
deforestation of large ams of AotearoaE A « o0 v U }VA Ee]}v 8} % *SUE VvV op o <l V
intensification of land use has led to the acceleration of these processes (Basher, 2013;

Davies }oo CU 1iiiV ,uPZ «U Yu]JvvU ~ D < EP}AU 1iiiVowhegEo] u v3 EC }L
Environment,2004;Quinn & Stroud, 2002)our types of erosion are common in Aotearoa

EAe+e oV W

X Surface erosion
x Gully erosion
X Massmovement erosion

X Stream bank erosion (Basher, 2013)

Surface erosion is the loss of particulates from the top 10cmliaak (Baver, 2013;
Fernandez & Daigneault, 201 AVhere pasture has replaced previously forested land,
interception and evapotranspiration rates are lowered, meaning more rain reaches the soil
surface. This has the effect of increasing overland flow rates wittagatehment, which

increases the energy available to transport loosened particles across the soil surface to
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waterways(Basher, 2013; Cournane, McDowell, Littlejohn, & Condron, 20ti$ can be

further exacerbated where pasture is grazed heavily and soil is bare. Treading damage from
livestock also reduces infiltration rates due to soil compaction and can increase surface
erosion(Russell, Betteridge, Costall, & MacKay, 200burnane et al. (2011) found that the

type of livestock grazing within a catchnmewas less significant in determining surface

erosion impact thanwhen livestock were grazing, with winter grazing practices being
particularly prone to accelerating surface erosion as pasture growth rates are slow, and soil

is more likely to be saturatedv = % E}v 3} %o puPP]JvP u P X ,}ROA7)YEU :po] \
have found that the best predictor of a decline in water clarity from suspended sediment is

the density of beef cattle within a catchment.

Gully erosion is described as linear features in adaade where channelised raif has

occurred and amphithea¢-shaped massnovements appear within gullies. Extensive gully
erosion in AotearosE A ¢« o v Z V0o EP 0C % E}u% S C s$Z o &:°
forest and, as in the case of surface eonsiintensified as infiltratiorexcess overland flow

increased under pasture- <Z @®U 1iiiiv D & vU E&v}o U » CulpE&U = ,
Likewise, the acceleration of masgvement erosion (in its numerous formshallow and

deep landslides, slumps andréd#lows) has been contributed to by the loss of slope stability

from widespread deforestation and the management of land under pasiiyenpnd, Betts,

& Schierlitz, 201,0_uckman, Gibson, & Derose, 1999assmovement can increase surface

erosion due tadhe exposure of bare soil where scarring has occurred (Basher,.2013)

Stream bank erosion has also been accelerated as a consequence of the removal of native
vegetation. It can be worsened by the presence of livestock on riparian margins and their
accesdo waterways~ <Z E&U T1ii1V ,uPZ ¢ Pa&kyro& Wildadk, 2004; Quinn &
Stroud, 2002)Cattle treading damage weakens bank stability and stock access to waterways
can mean the loss of remaining native vegetation, increasing bank instabilityaamead to

bank collapséParkyn & Wilcock, 2004) X ,uP Z v(2014)foumd that the most marked
improvement in water claritgame when cattle were excluded from waterways and adjacent
riparian margins. Julian et al. (20H#ibuted the improvementn clarity over 35 of the 77

E 3]}v o Z]JA B« t § E Ysites]§ the ExdAusip@Edf dairy cattle from watengay

and a reduction in the numbeaf sheep nationally.



Acceleration of the transport of particulates from slopes to water bodies has deuof

detrimental effects. Suspended sediment can interfere with the behaviours of wildlife

(including feeding) where biota relies on visual clarity of water. Respiration of aquatic

organisms can also suffer as gills may be damaged by fine suspendettsedavies

Colley, 2013)Fine sediment (>2mm) scatters light within the water column (Davatey,

2013;Dymond, Davies}oo CU ,uPZ U ~ D 8§8Z (U 1ii6V DhesScan] 8§ oXU Tiiis
impact visual clarity as well as reduce the radiation available to aquatic plants for
photosynthesis, thus changing the composition of aquatic communities (Dymond et at., 2017

Matthaei et al., 2010; Suren, 2009)eposited sediment smothers habitat by covering lake,

stream and riverbeds and is often more detrimental for biota than suspended material

~ UW&E }vU D /v8}ezZU ", & JvPU TiitV E v § oXU 1iioV W E&o] u vs EC
Environment, 2012JAppendix F). It may clog interstitial spaces, cause the infilling of lakes

and estuaries and impede hyporheigchange in streams and rivers (Daviadley, 2013;

Parliamentary Commissioner for the Environment, 2012)

As well as physical changes to waterways, an increase in sedioaghtan also induce
chemical and biological changes in water quality, as pestican act as a vehicle for
contaminants such as phosphates, heavy metals and pathogens (Cournane et al., 2011;

DaviesColley, 2013; Davigsolley, Valois, &lilne, 2018)

2.4.2 Light and temperature

Removal of forest for pasture has led to changes adanmt light and thermal regimes of
waterways Deforestation has led to a decrease in stream shading, leading to warmer waters
in many pastoral catchments due to an increase in incident light reaching streams (Biggs,
2000; Marden et al., 201 uinn, SteelU ,] | CU ™ s] | .CE+U i6060-

Quinn et al. (1997pund that native and exotic forest cover allowed for one to two percent
of incident light to reach streams, whereas 30 percent reached strehatsran through
pasture. Pastoratreams tend to have a Higr light exposure, particularly when compared

to other first order streams with differing land use (as exposure tends to increase in all
catchments in higher order streams as channels widen) (D&o#sy & Quinn, 1998)

Overhanging graes can providehsde in pastoraktreams(DaviesColley & Quinn, 1998;
10



, & JvP 7 t]vs & }u Emnani ddtities, willows and other plantings also feature in

the literature (DavesColley & Quinn, 1998; ,difg & Winterbourn, 1995; Quinn et al.,

1997; Williamson, Snfit & Quinn, 1992)The depth of a channel and its orientation (e.g.
(0}A]JvP 3 8} A ¢8e 0¢} Z o v Jv(op v }v(Rutheridd Blagketi} s uE 3}
Blackett, Saito, & Davigsolley, 1997)

Pastoralstreams have been found to have higheermge temperatures than native and
exotic forested streams (Quinn et al., 1993uinn et al., 1994Young, Quarterman, Eyles,
Smith, & Bowden, 2005Ruinn et al(1997)found pastoraktreams to be 2Zhigher than
where native forest was dominant. Storey and Cowley (19@umd that pastoralstreams

that flowed into native forest remnants could have their temperature significantly lowered
over a relatively short distance (600m). Animal agriculture has also been found to influence
temperature directly insome cases, where point source discharges of relatively warm
effluent may raise the temperature of the waterway into which it is releasgair(n et al.,
1994)

Riis et al. (201Zpund that light availability most strongly eauraged the growth of invas

aquatic plants in lakes and streams when compared to the influence of temperature.
JA A EU § u% E SPE <} 18 Alsz E « +Z |JVP v PE
influences algal growth and the success of fish and macroinvertebrate commuwitiese

excess algal growtbccurs,the breakdown of the associated organic material can lead to
aquatic environments being starved of dissolved oxygen causing mortality in invertebrates
and fish (Parliamentary Commissioner for the Environment, 2M&jering tixa respond
differently to high temperatures, which can influence and disrupt macroinvertebrate
communities where animal agriculture has changed thermal regimes of waterways. Some
thermal limits ofAotearoaE A « o v § £ Z A v 3§ 0o]*% o @ Yjulv@u
and Vickers (1994)Their study also highlights that sub lethal increases in temperature

influences the size and fecundity of invertebrates as well as their longevity.

2.4.3 Flow regime

Flow regimes determine the character and conditiaisstreams and rivers (the natural

range and variation of flows within a catchment), dral’e a number of measur@scluding
11



the mean annual flood, number of floods above a threshold, mean annday 7ow flow

(Booker, Snelder, Greenwood, & Crow, 2015 & Woods, 2013As in the case of the

processes of erosion and deposition within a catchment, the principal factors governing flow
(hydrological) regime are climate and geology (Duncan & Woods, 2013JA A GEU A P § §]}v
and land cover are also impartit factors and are considerably altered by animal agriculture
(Duncan & Woods, 2013Along with indirect effects, pastutegased systems are responsible

for directly disrupting flow regimes through abstraction and infrastructure designed to store

or divert water for agricultural use.

Flow regimes may be altered by the conversion of indigenous vegetation to pasture in that
rates of overland flow tend to be increased under pasture as interception and
evapotranspiration are reduced. Where pasture has bedroduced, both flood and base
flows tend to increase due to the change in rates of-ofin(Duncan & Woods, 2004)
Conversion of land from exotic forest to pasture can increase flood flows by 80 percent
(Duncan & Woods, 2013)

In Aotearoa E A « o thrék quarters of the consumptive use of fresh water is for
irrigation (though not solely for animal agricultur@linistry for the Environment and
g §]+8] « E A « o. Thibisisindilar to the global figure, irrigation being by far the
largest useof abstracted fresh water worldwide (Frenken & Gillet, 201Zhe Ministry for

the Environment has reported that 60 percent of water for irrigation came from surface
water and 35 percent from groundwater (Duncan & Woods, 2008jter is used in animal
agiculture for irrigation to improve pasture growth, for stock drinking water and wash down

during milking in dairy production (Scarsbrook & Melland, 2015)

Abstraction can disrupt flow regimes in that it can both increase and decrease water volume

in waterways. Because there is significant interaction between streams, lakes, rivers and

aquifers, abstraction from bothusface and groundwater influences flow patterns within

waterways( o}pezZ U TiiiVv | ] © ,} P U TiioV }v SZU uPzZv CU D}EP
Cameron, & Toews, 2015; Olsen & Young, 200Bdpse overseeing the management of

freshwater resources are advised that managing these water bodies separately is not valid

(Baalousha, 2012)
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Where irrigation rates exceed watbolding capacity of soils, aliation of water can lead

to increased ruroff that can flow into surface water increasing dischafi@ancan & Woods,

2013) More commonly, abstraction lowers flows in surface water (Matthaei et al., 2010;
Stefanidis, Panagopoulos, Psomas, & Mimikou, R0R6éwson, James and Death (2007b)

found in their study of small streams in AotearBa A » o v Ju% 3§ CASE +3CE
that discharge decreased on average by98%ercent. In their review of the consequences

of this decreased flow, Dewson, James and D€2@®7a) found that velocity, depth and

wetted widthwere impacted by abstraction. These changes to flow regime in turn influenced
temperature (where there is a tendency for reduced discharge to lead to increased
temperatures) and physical paramese(for example, increased sedimentation where the

lowered velocity allows for more sediment to settle on a stream I{B@wson et al] 2007a)

Abstraction for agriculture has been identified as one of the key drivers of groundwater
depletion in AotearoaE A < o0 (Gluckman, 2017). Land surface and river water are
natural sources for aquifer (groundwater) recharge (Duncan, Srinivasan, & McMillan, 2016)

E SUE o0oCU o v puCE( E Z &P ]- § Gu]v C § Zu v§
vegetation (Baalaisha, 2009; Duncan et al., 2016)ater filters down through the soil

surface and underlying rock to aquifers. This can be disrupted by animal agriculture as soil
structure and patterns of soil wetness are modified under irrigation (Duncan et al.,.2016)

Where surface water is abstracted, aquifer recharge from rivers will likely be disrupted.

Flow regimes are an important determinant of waterways as habitat, as species of aquatic
organism respond differently to conditions produced by varying volumesjdlirequency,

low flows, velocity and other physical and chemical characteristic influenced by these
variables~ |PP«U E]JI}E& U ~ ‘Dewson@&tldl.,1206G/dDuncan & Woods, 2013)

2.5 Impact on chemical parameters

2.5.1 Nutrients

The mossignficantnutrients in aquatic ecosystemm (E V]SE}P v ~EcusuP)XIZ }* % Z} E

particularly concern are nitratdeand dissolved reactive phospha, as these are forms of

13



nutrients that are readily available to aquatic plantsQu}v U pee JoU W &E(]SS5U , Ezg, &
McDowell, 2013)These nutrients occur naturally in waterways at low levels. The work of

Death et al. (2016¥ound that AotearoaE A « o v EJ]A E+ v 38 pupv (( 8 C
anthropogenic activity have nitrate levels of <0.08 mg/L and DRP levedsD86<mgL. The

111 pe83E o] E A « ov VA]JE}vu vE Vv JvEEAWE]JNViis}pv Jo -~
guidelines recommended limit of <0.167 mg/L and 0.444 mg/L of nitrate for upland and

lowland waterways respectively. For DRP, the guidelines recommendedb<dn@ <0.01 in

s
I1le

upland and lowland waterways Ee« U

Increased nutrient inputs to waterways are commonly associated with agricultural land use
(Ballantine & Davie€olley, 2014; Gluckman, 2017; Julian et al., 2017; Parliamentary
Commissioner for the Environment, 2004, 20@iinn & Stroud, 2002)The enrichment of
water bodies with nutrients is known as eutrophication. Animal agriculture contributes to
the eutrophication of waterways through the use of fertiliser, increased soil loss to water as

well as diffuse and point source nutrient pollution from livestock excreta.

Fertiliser contributes both directly and indirectly to nutrient contamination of wateys. As

a source of phosphos and nitrogen for pasture growth in many farming operations,
fertiliser is applied to the land either by tractor or aerially (Morton & Roberts, 2016; Roberts
& Morton, 2016) If inaccurately applied, it can end up directly entering waterways (Roberts
& Morton, 2016) It may also be transported to water bodies vieedand flow or leaching

and this can be particularly hazardous to waterways if it is applied not long before a drainage

event(Morton & Roberts, 201%

Fertilisers also impact water quality indirectly as they can allow for increased pasture
production ard higher stocking rateDfymond et al., 2013Foote et al., 2015) Along with

feed supplements and irrigation, fertilisers can intensify animal agriculture by providing feed
for a higher number of livestock than an area of land would have otherwise been able to
support (Moller et al., 2008; Parliamentary Commissioner for the Environment, 2004,
Scarsbrook & Melland, 2015A large source of nutrients from animal agriculture is excreta
and with a marked increase in livestock numbers over the last decadestéaroa E A

* 0oV UZ S Z]e s}uyE&E Z « PE S0C ]JvE - X
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E]SE}P v v %sdr}ivesiopexcreta can enter waterways as point source or diffuse
pollution. Dairy effluent systems remain the most common point source contributor to

water pollution fom animal agriculture, despite greater regulation and enforcement along

with a shift to land application of effluent (@kman, 2017; Juliaet al., 2017X ,}A A EU
diffuse pollution is overall a greater source of nutrients from animal agriculture in Axtea

EAe ov v ]Je Jve <cp v} E E 8 %o}*]3 ]JE 80C }v §Z
where effluent is applied, which makes its way to waterways via subsurface and overland

flow (Dymond et al., 20135luckman, 2017; Snow, 2004)

Phosphous is pesent in dung and commonly enters waterways attached to soil particles
(Parliamentary Commissioner for the Environment, 20Y¥8here fertiliser, effluent and/or
dung has been applied to land, subsequent @nosis likely to cause phosphorus to be
transported to waterways (Parliamentary Commissioner for the Environment, 2043)
smaller amount of phosphas can enter waterways dissolved in soil water as leachate

(Dymond et al., 2013)

The urine of livestock, particularly dairy cattle due to their diet, is the greatest source of
nitrogen in AotearoaE A + o v A § @eAke&deet al., 2014; Dymond et al., 2013;
Monaghan et al., 2007; Parliamentary Commissioner for the Environment, Z01i8source

of diffuse nitrogen pollution enters surface and groundergprimarily as leachateDymond
etal,2013X E]$@E & ]» v}3 Z o *3E}VPOoC C *}]Jo v AZ E |8 £
taken up by pasture (commonly in urine patches from livestock), it is lost in soil water through
subsurface flow (Parliamentai@ommissioner for the Environment, 2018ymond et al.
(2013)identify agriculture as the largest contributor of nitrogen pollution in AoteafaA

e« ov U A]8Z 38Z ]Jvs ve](] 3]}v }( vlu o PE] puo3pE o]l oC 8}

waterways.

2.5.2 Heavy Metals

There are a number of heavy metals that can be introduced to aquatic environments via

animal agriculture. Cadmium (Cd) is an element that is present in phosphatic fertilisers and
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can be introduced as where phosphate is app(i@cay, Larenson, Monaghan, Orchiston, &

Cavanagh, 2017)0verseas, it has been found to have toxic and carcinogenic effects on
freshwater species ~, ooU » }33U ~ <]Joo vU.ildgoine spégies &f fishX T haso o

been found to produce skeletal defoities at low levels of exposure and in invertebrates it

can inhibit calcium influx ~, oo & .AXiehrodBOA « o v *Spu ]+ Z A <Z}Av §Z §
overland and subsurface flow can contribute to losses of Cd from land to receiving
environments(Gray et al., 2017)Subsurface flow has been found to be a more significant

pathway for Cdo surface water than run} ( ( X¥wever, floodirrigation can amplify overland

flow losses of Cd to waterwaySray et al., 2017)

2.6 Impact on biological parameters

2.6.1 ”thogens

Sheep and cattle are carriers of zoonotic waterborne diseases (Moriarty, McEwan,
Mackenzie, Karki, & Sinton, 2011; Snow, 2004 primary source of pathogens from animal
agriculture in fresh waterways is the faeces of livestock (Parliamentemyr@ssioner for the
Environment, 2012)In AotearoaE A « o v U 3Z v ] $}EEcgiEdmmdniy U
measures the presence of pathogens in fresh waterw#&yscoliis a bacterium that is

common in the faecal material of humans and animals. Generally speaking, higher levels of

E. coliare expected to indicate a higher risk of iliness to human, (though this is not true in all
cases, as some sources Bf coli in waterways pose less of a risk to human health than
others).Campylobactespp.has shown som correlation with E. coli, JA A EU ]§ ]+ }voC }v
of a number of pathogens that may be present in faecal material from livegitickstry for

§Z VA]E}vu v8 v "5 5]e8] «c E A o v UTiifie

Stock can introduce faeces to waterways directly where theye access to water bodies or

where there is a regular crossing (Collins et al., 2008vieLolley et al. (2004) fourtthat

cows were over 50 times more likely to defecate directly into waterways, where they had

access, than on land. Indirectly, fasccan be transported to water via overland or

subsurface flow as a component of diffuse pollution from agricultural land (Collins et al.,

200X ,]Joo }uvsE®C ( cEu]vP 8§ v o 8} }vSE] u8 ( -offy }vsS u]v 8]}v
particularly where soil compaicin is more pronounced (as a result of farm tracks or treading

damage) and infiltration rates are reducé@ollins et al., 2007E. coliconcentrations in
16
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pastoral streams are influenced by the time between when faacedeposited on land (i.e.

when pasure is grazed) and the first significant rainfall (Donnison, Ross, & Thorrold, 2004)

Dairy can also contribute to faecal loads in waterways via overland flow. Dairy shed effluent
was once a common fiat-source polluter. fie practice of applying farrdairy effluent (FDE)

to land has been encouraged. Where efficiently applied, FDE can be provide a beneficial
cycling of nutrients within the farming system and matrix flow can offer microbial
attenuation (Monaghan, Smith, & Muirhead, 2016; Weaver et al.,.8d% ,}JA A EU &
also be a significant source of diffuse faecal contamination from dairy farms, especially where
drainage events occur shortly after applicati@@ollins et al., 2007; Wang & Bolan, 2004;
Weaver et al., 2016)Soil macropores can incsathe transport of pathogenic microbes to
waterways where effluent is applied via the mechanism of preferential flow (Collins et al.,
2007; Snow, 2004; Wang & Bolan, 200EDE subject to preferential flow through
macropores to mole and pipe drainage has been found in some studies to contain
concentrations of campylobacters similar to raw effluent, indicating that the benefits of
matrix flow on reducing pathogenic contaminants in subsurface flow is of little relevance
under these conditions (Snow, 2004; sver et al., 2016)Microbial attenuation appears to

be highly dependent on soil type and structure (Monaghan et al., 2016; Weaver et al., 2016)

Irrigation can also facilitate the transport of faecal contamination to waterways (Collins et
al., 2007; Weaer et al., 2016) Irrigation can lead to increases in overland flow (where
application is made at field capacity). Like fertiliser, irrigation has facilitated the
intensification of animal agriculture by allowing for higher stocking rates. Therefore,
irrigation has an indirect influence of increased pathogens in waterways as well as a direct
influence. Pathogens can move through soil to waterways as well as being transported via
overland flow. Both flood and spray irrigation can lea&t@olbeing lost through the soil to

groundwater(Weaver et al., 2016)

2.6.2 Periphyton

Periphyton is naturally occurring slime and algae in waterways (Biggs,.2A0)al
agriculture can disrupt the natural growth of periphyton by altering nutrient concentrations,

flow regimes, light, temperature and sediment load in water bodies (Bigge,;20E& JvP U
17



z}uvPU , C sU "Z & EU ~ *§ EIU i668V , E3U ]JPP.U E]I}E U ~ &o]v

Kilroy, & Quinn, 2014)

Where animal agriculture has increased nutriezdncentrations in water, periphyton

biomass may be increased beyond natural growth rates (Biggs, 20@; JvP & aXU id0606-

While nitrogen and phosphas need to be present in concentrations that trigger excess
growth, research has found that managing a single nutrient to control periphyton growth will
not adequately address the risk of problem periphyton growth. This is because a limiting
nutrient can fluctuate seasonally as well as within a catchment, and different species are
triggered at differing nuient concentrations (Parliamentary Commissioner for the
Environment, 2013)Alterations to flow regimes from animal agriculture can influence the
biomass and periphyton taxa present within waterways ~ J[PP<U T1iiiV , EBS §
Increased incident Ilg associated with pastoral streams and increases in water temperature

can also lead to increased periphyton growth (Biggs, 2Q@ihn et al., 1997)

Increased sediment load and/or increased deposited sediment can have the effect of
decreasing periphytorbiomass as suspended sediment can intercept light, deposited
sediment can smother habitat (rock surfaces and submerged woody debris, for example) and
particulates can increase surface abragiBiggs, 2000)These may all impact habitat quality

of aquaticspecies.

2.6.3 Macrophytes

Like periphyton, animal agriculture can disrupt natural macrophyte growth by altering
nutrient concentrations, sediment load and incident light availability within aquatic
ecosystemgQuinn, Croker, Smith, & Bellingham, 2088hallenberg & Sorrell, 2000) E 3] A
and exotic macrophytes respond differently to the changes in conditions brought on by
agriculture, which again can alter natural ecosystéRarliamentary Commissioner for the

Environment, 2013)

Where nutrient concentrations have increased, macrophytes tend to respond with increased

growth. Likewise, increased fine sediment loads in waterways can lead to extension of

18

-

[—;

[—



suitable habitat for macrophytes (Parliamentary Commissioner for the Environment,.2012)
,}A A Edusgénded sediment is high, in some cases, conditions may favour periphyton
and/or phytoplankton growth rather than macrophytes (Schallenberg & Sorrell, 2008

is particularly relevant in lakes, as turbidity can limit light penetration required by
maaophytes and windnay cause the resuspension of particles leading to 4oeeling of

nutrients in the water column (Schallenberg & Sorrell, 2009)

Quinn et al. (2009jound that small pastorastreams had higher percentage coverage of
macrophytes when aopared to equivalent streams in native forested catchments (>30
percent and zero percent respectively) in a study of Waikato streams. The investigation

suggested that the difference in shading between catchments was the main driver for this.

2.6.4Phormdium-dominated mats

Occurrences of the proliferation of cyanobacterial genus W Z} Ein thguforch of

W Z } & u }dpmimatedmats, have been found to be increasing in AotearBaA « o0 v
~D o00]*38 GEU t}} U ~ ., Pholifdsatinisdare commonly assated with rivers in
lowland agricultural catchments and are thought to be increasing due to changes in nutrient
and sediment levels, changes to flow regimes (due to climatic changes and/or water
abstraction), and habitat modificatioMcAllister et al.,2016) W Z } (E u ]cédp produce
toxins that are harmful, and potentially deadly, to animals and humans (McAllister et al.,

T1i0V D]V]*3EC (}E& 3Z VA]JE}vu v8 v "3 §]+8] « E A+ o v UTi

2.6.5 Macroinvertebrates

Macroinvertebrates display varied respges to changes in aquatic environments. For this
reason, they can be used in as an indicator of water quality. Furthermore, macroinvertebrate
indices, such as the Macroinvertebrate Community Index (MCI), providagerterm
insight into the state of waterways than measurements of chemical parameters, which are
more variable (Stark & Maxted, 2007 hisis due to their lifecycles often lasting upwards of

a year and the fact that they generally do not move great dista(8sk& Maxted, 2007)

The impactof agriculture on waterways, increased sediment and nutrient loading, and
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changes to flow regime, can result in changes to both taxa richness and abundance (Dewson
et al., 200D; Matthaei et al., 2010Quinn et al., 1997; Ramezani, Akbaripasand, Closs, &
Matthaei, 2016)

Research has found there is link between high levels of deposited sediment and low
ecological integrity in aquatic environments (Davizdley et al.,, 2015; Waters, 1995)
Deposited sediment can impact aquatic life by smothering maceoiekiratesdirectly. It can
reduce suitable habitat by filling the spaces between rocks where animals take refuge
(Burdon et al., 2013; Davi€olley et al., 2015Appendix F)It can also smother and bind
with the periphyton (algae) that grows on rocksrivers and streams, which can reduce the
nutritional quality and availability of this important food source for macroinvertebrates.
Invertebrate communities affected by increased sedimentation can be altered, losing more
pollution-sensitive species suesEphemeropteraandPlecopteraand seeing an increase in
chironomids and oligochaetes that can survive in deposited sediment (Matthaei et al., 2010;

Wagenhoff, Townsend, & Matthaei, 2012)

Increases in nutrient concentrations can increase the abundance of taxa as algal biomass may

increase and therefore a key macroinvertebrate food source ~EJC}P]JU <}E& vU €& pu lo U
Townsend, 2007; Stark & Maxte2007 Townsend et al., 2008)Whereas, increased fine

sediment loads more often have a negative relatiopshith abundance and taxa richness

~E]JC}P] § oXU 1116V d}Avsincreasing éuttophidation can lead to excess algal

growth and/or blooms leading to aquatic habitats being starved of dissolved oxygen as a

result of the decomposition procesd organic material. Like nutrient increases, changes in

flow volumes and flow regime have been found in some cases to increase abundance and in

others to decrease densities of macroinvertebrat&e\son et al., 2007a),}A A EU

decreases in flow have cononly been found to decrease taxa richneBeWson et al.,

2007a, 2007h)

Furthermore, the interaction of these stressors can amplify their impact. Matthaie, Piggott
and Townsend (201@pund that where low flows and increased sediment loading occurred
the negative impact on invertebrate communities was greater than where low flows
occurred without increased sedimentation. This suggests that in ergsimme catchments

or those with significantly disturbed soil, water abstraction may have more detrimental
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effects than in those where increased sediment loads are not an issue (Matthaei et al., 2010)

D §3Z ] U W]PP}38 v d}Ave v [+ (]Jv JvPe A E e Jv Vv [E%
artificially constructed channels. In their study on-bdlntry streamsQunn et al. (1997)

noted that it was difficult to identify a single cause of the differences in the communities in
forested and pastoral land, and that it was more likely that it was a combination of impacts

on habitat, including whether or not terrestridiabitat required for adult stages of

invertebrate lifecycles had been lost.

2.6.6 Fish

AotearoaE A « o v [+ AS§ EACe E Z}u 38} v3A v JvEE} p
species. Some introduced species are considered pests (such as Gambusiaaadfinis
Cyprinus carpio Linnagu$758), while otherss@imonid3 have their populations actively
managed for recreational purposes (McDowall, 2008)most three quarters of native
freshwater fish species are in decline and this has been linked in part tosifytieg

agricultural activity (Weeks et al., 2016)

Like macroinvertebrates, freshwater fish display varied responses to changes in habitat
where animal agriculture has caused increases in nutrients, fine sediment, temperature, algal

and macrophyte growt and changes to flow regime vv]vPU 1ii6V :}CU &}}5S U D E
Piria, 2019)Such dsruptions to invertebrate communitiesmpact fish populations as
opportunities for predation change ~E]C}P] §. To&Xithpaci 6feutrophication on

freshwater fishis primary in its interference with respiration (it can cause levels of dissolved

oxygen to fluctuate as low as to cause mortality) and feeding as it can also cause mortality

and changes in communities of pr&Suspended sediment can disrupt aquatic arigrthat

are visual feeders by reducing visibility (Lange et al., 2014). The gills of fish and invertebrates

can be damaged by suspended sediment (Boubée, Dean, West, & Barrier, 1997).

Ramezani, Akbaripasand, Closs and Matthaei (26d6)d that trout andnative species
densities in agricultural subatchments displayed a negative relationship with the increase
of dairy prevalence. Lange, Townsend, Gabrielsson, Chanut and Mat2@ddi)in their
study of the impacts of farming intensity and water abstiact on freshwater fish

populations that trout density negatively corresponded to both increasing intensity and
21



abstraction. While they were unable here to observe the same relationship in indigenous

species, other studies have looked at the impact on land use and found land use influences

richness and abundance of native spediee %0 }38 § oXU T1iitV , ve ™ vPueU 7110V :}(
Death, 2013)In terms of the impact of animal agriculture on pest fish, Lee, Simon and Perry

(2017)found that the modification oftream environments attributable to pastoral land use

facilitated the spread of the invasive species Gambusia affinis.

AotearoaE A ¢ o v Z e ZIPZ % E}%}ES]IVv }( ] E}ulue v 31A (]*Z *%o
migrate between fresh and salt water ecosys®nfor this reason, native fish are found in

higher densities closer to the coast than in fovder streams higher in river systems (Joy &

Death, 2013) Animal agriculture, which has had a large impact on lowland waterways in

AotearoaE A « o v U dificantlyRlegraded the more biodiverse habitat in terms of

native fish species (Joy & Death, 2013; Weeks et al., 2016)

2.7 Disruption to ecosystem services

2.7.1 Drinking water human/stock

The purification of water within the water cycle undermadified conditions, including
functioning wetlands, is considered an ecosystem service (Ausseil et al., B&t3use
animal agriculture contributes increased nutrients (and the subsequent effects of
eutrophication), sediment, faecal contamination, areblty metals to waterways, sources of
human and stock drinking water can be compromig¢ddsseil et al., 2013; Daughney &
Randall, 2009)

2.7.2 Cultural values

The pollution of waterways by animal agriculture can impact on cultural, spiritual and
recreaional services provided by waterway#usseil et al.,, 2013)This is because
contamination of waterways can lead to risk of illness from contact with fresh water, degrade

aesthetic values or modify the environment to an extent that renders it untenableultural
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activities to be carriedout- E« U T1iiV pdee JO § oXU Ti1iTV W Eo] u vs &
for the Environment, 2012)

2.7.3 Food provision

Freshwater ecosystems are a source of food (fish, plants, etc.). They also are transporters of
contaminants to estuaries and marine environments, which are also a source of food. Food

% E}A]]}v v ]*E u%o S C Vvl]uo PE] HOSHE [+ Jv(op v }v
ability to support species as well as through contamination of food sources (e.g. faecal

contamination of shell fish in estuaries).

2.7.4 Habitat provision

The provision of habitat to maintain biodiversity, biological control of pests and disease as
well as for cultural and aesthetic values (i.e. a functioning ecosystem) is in itself described as
an ecosystem service by the Millennium Ecosystem Assesgiiesdeil et al., 2013; Fiedler,

Landis, & Wratten, 2008)

A number of impacts from animal agriculture can disrupt the provision of habitat for
indigenous species as described. Fomaraple, relatively small increases in nutrient
concentrations can alter natural growth of aquatic plants in waterways and in higher
concentrations nutrients can be toxic to aquatic life (Ministry for the Environment and
~g §]+8] « E A « 0. Acddéritéd processes of erosion can smother habitat and, in
combination, the stressors on waterways from animal agriculture can disrupt aquatic
habitats from their natural state. Additionally, connectivity between terrestrial and aquatic
habitats, important fo many freshwater species lifecycles, may be disturbed where riparian
and other vegetation is removed. The draining of wetlands has also been common practice

on agricultural land.
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2.8 Conclusion

This literature review has shown that animal agriculture imp&dsaroaE A « o v [

waterways in a number of ways that have led to the widespread degradation of fresh water

quality and aquatic eg*C+*3 ueX ,JA A EU ]88 ]* v} A£EZ pes]A v /E op =« }8Z
impacts, such as the development of roadingig and the installation of culverts that can

u} J(C v %}oous A S EACeXdZ E E o0} ]V]E 3§ Ju% S epu zZ -«
large contribution to national and global greenhouse gas emissions, which drive climate

change that is disrupting anditivcontinue to disrupt fresh water bodies.
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3.1 Abstract

This report presents results ofi@cosystem healtfwater quality, habitat and invertebraje
survey undertaken at 19 waterways acrddslesworth Station. This includes the headwaters

of the Awatere, Wairau and Waiau Toa (Clarence) Rivers.

E} ¢]8 ¢« E Z % E]Ju EC }vs 3§ ~]X X.chhondconductiviytan E « (}E

indicator of nutrient enrichment) was low across maogs.

Water clarity guidelines for istream biodiversity were breached at seven sites and fine
deposited sediment was above 20 percent cover at 10 sites. This is of concern for
macroinvertebrate and fish communities as sediment deposited on stream iaedbeds

degrades habitat.

Macroinvertebrate Community Index (MG&gores show most sites are excellent or good,

with three sites fair.

Cyanobacteria observed at Tarndale Brook is reported due to the potential serious risk it

poses to human and animhagalth.

The detrimental effects of fine deposited sediment on ecological health of streams and rivers,
and link between sediment and E. ¢aliggest sedimentation of waterways on Molesworth

Station should b a focus for land management.
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While there ae erosion events that are beyond the control of land managers due to
underlying geology, climate and topography of the station, there are parts of the station that
could be managed to reduce the accumulation of fine depositedimenton stream and

riverbeds.

3.2 Introduction

Molesworth Station is Aotearo& A ¢ o v [« 0 EP 8 ( Eu 3§ i6iU6O6 Z 8§ E U E
beef cattle operation of approximately 30,000 stock unigegartment of Conservation,

2013. JWard, personal communication, October 17, 20Molesworth Station is operated

within Molesworth Recreation Reserve (the reserve and the Station being essentially

synonymous as they occupy the same ardd)eland is leased fronthe Department of
Conservation(DoC)to W u (LandcorpFarming Limited), and managed bysteering

committeeof DOC,W upv E Plahu representatives farotect conservation, cultural and

historical values, foster recreational values and maintain primary produ¢epartment of

Conservation2013)

The stationis located in the north easif the South Island at the headwaters of three major
catchments; the Awatere, Wairau and Waiau TGtarence) rivers (Figure. J¥ithin these

rivers systems are a number of lakes, tarns and wetlands. Variation in annual rainfall across
the station is high, with the western reaches tending to be wetter (2400mm/annum) than in

the east (700mm/annum) (Olsen & Shearer, 2007)

A significant proportion of the station is classified as having “extreme erosion severity” (>20
percentin area), “very severe” (220 percent in area), and “severe” (five to ten percant

area) (Department of Conservation, 2013yactors contributing to this erodibility include
tectonic activity underlying geology and soil types, climatic influences (includingfreste,

which leaves soil exposed), and types of vegetative cover and lack of suitable stabilising
vegetation, as well as pest and stock disturbarides underlying geology consists primarily

of argillite mudstone and greywack8oil types vary across the station but tend toward gley
and brown soils in the west, and oxidic and brown soils in the @aspartment of

Conservation, 2013)
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This report presents the findings of a survey of 19 stream and river sites undertaken m Marc
2018 to assess water quality on the station. This will be used to develop a water quality
monitoring protocol for W ylpandcorpFarming Limited) with the aim of informing land

management decisions.

FigurelW D % }( D € Z 11i6 spEA G » U%O0]VP +]5 «X D}o *A}ESZ ~§ §]}v ]+ o} 3
headwaters of three major river catchments; Awed, Waiau Toa (Clarence) and Wairau Rivers.

3.3 Methods

3.3.1 Sampling sites

Samples were collected from 19 sites across the station (Figures 1, 2, 3, 4, 5 and 6). Sites were
chosen from 66 sites sampledgwiously in 2007, 2009, and 20H.,}ou «V Koe v ~ *"Z €& &
Shearer) Small and large waterways, geographical spread, winter and summer grazing sites

as well as improved pasture and sites that have been fenced off from cattle were sampled.
Reach length wadetermined by taking an average of five width lengths and multiplying by

20—up to a maximum length of 150 metres (Table 1).
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Tablel: Site location, date of sample, reach length, improved andinmroved pasture,

grazing season and River Environment Classification (REC)

A8 E u| Date Catch Reac | Easting E}ESZ| Easting E}&ESZ| Improved | Summer/ | REC
ment h (Up) (Up) (Down) (Down) pasture? | Winter class
lengt grazing?
h (m)

Robinson 16- Awatere | 150 | 1619976 | 5337844 | 1619987 53379% | Y Winter G3
Mar-18

Awatere 16- Awatere | 150 | 1621606 | 5339874 | 1621684 5339998 | Y Winter G3

Below Mar-18

Awatere 16- Awatere | 150 | 1619784 | 5338017 | 1619790 5338141 | Y Winter G3

Above Mar-18

Moleswort | 16- Awatere | 86 1622266 | 5341117 | 1622295 5341045 | Y Winter G3

h Mar-18

Adheron 4-Mar- | Waiau 150 | 1605654 | 5324892 | 1605531 5324875 | E Winter , A

u/s Yarra 18 Toa

Yarra 4-Mar- | Waiau 150 | 1604851 | 5323899 | 1604933 5323944 | E Winter G3
18 Toa

Five Mile 5-Mar- | Waiau 80 5199432 | 5313078 | 1599464 5313018 | Y Winter G3
18 Toa

Tarndale 6-Mar- | Waiu 70 1602491 | 5336384 | 1602537 5336422 | Y Winter , 0
18 Toa

Severnuls | 10 Waiau 150 | 1603921 | 5336247 | 1604039 5336167 | Y Winter , A

Ford Mar-18 | Toa

Acheron 10- Waiau 150 | 1610251 | 5337862 | 1610124 5337810 | E Winter , A

d/s Saxton | Mar-18 | Toa

Saxton 10- Waiau 150 1612499 | 5340291 | 1612469 5340155 | E Winter , A
Mar-18 | Toa

Clarence 11- Waiau 150 | 1597419 | 5306536 | 1597485 5306411 | Y Summer | G3
Mar-18 | Toa

Serpentine | 13- Waiau 115 | 1581536 | 5329362 | 1581527 5329266 | E Summer | i

d/s fence Mar-18 | Toa

Serpentine | 13- Waiau 64 1581295 | 5329512 | 1581349 5329480 | Y Summer | i

u/s fence Mar-18 | Toa

Acheron 17- Waiau 150 | 1615086 | 534108 1615013 5340969 | E Winter , 0

Ref Mar-18 | Toa

Alma 17- Waiau 150 | - - 1603478 5333802 | Y Summer | i
Mar-18 | Toa

Bowscale 18 Waiau 20 1596809 | 5336112 | 159682 5336113 | E Summer | ,0

Lake Outlet | Mar-18 | Toa

Rag & 13- Wairau 50 1587759 | 5334022 | 1621231 5340956 | E Summer | i

Famish Mar-18

Island Gully | 14- Wairau 60 1585227 | 5332416 | 1585641 5333962 | E Summer | i
Mar-18
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Figure2 (Clockwise from top left): Robinson site, Awatere below site, Molesworth site, Yarra site, Acheron u/s Yarra site,
Awatere above site.
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Figure3 (Clockwise from top left): Five Mile site, Tarndale site, Acheron d/s Saxton site, Cléer8axdon site, Severn u/s
Ford site.
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Figure4 (Clockwise from top left): Serpentine d/s fence site, Serpentine d/s fence site, Alma site Rag & Famish site, Bowscale
Lake Oultlet site, Acheron ref site.
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Figure5: Island Gully Main site.

Figure6: Additional side channel sites (left) Severn u/s Ford side channel, (right) Island Gully, March 2018

3.3.2 Sampling conditions

On 20 February 2018, Cyclone Gitaved over the top of the South Island. This tedhigh

flows in all three major catchments on the station. It is likebt thver algae (periphyton) and
macroinvertebrates communitiesauld have been affected during tHisoding. Escherichia

coliis o+} o]l oC 8} Z A v (( 8 C (o}}alsangled wen takedh A EU
after the prescribed 10 days after 7 x median flow (Stark, 208®&)atere and Wairau
catchment samples were taken three weeks after flooding flows (Figures 7 and 8)eSampl
from the Waiau Toa catchment were taken on average two weeks after flooding flows

(Figures 9 and 10).
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Figure7: Awatere River flow at Awapiri from 1 January 2018 to 31 March 2018

Figure8: Wairau Rer flow at Dip Flat from 1 January 2018 to 31 March 2018
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Figure9: Acheron River flow from 1 January 2018 to 31 March 2018

Figurel0: Waiau Toa River at Jollies Pass from 1 January 2018 to 31 204:&h
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3.3.3. Field Methods

3.3.3.1 Macroinvertebrate sampling
A single semguantitative kickaet (0.5 mm mesh) sample was collected from sites using

Protocol CXStark & Mated, 2007. Each sample was preserved withprcentethanol

3.3.3.2 Clant
Background water clarity was taken once above each reach usinmetré clear tube,

following the water clarity protocol of Kilroy, Biggs and Mulcock (1998)

3.3.3.3. Deposited Sediment
Two assessments of deposited sediment were taken. A banksidegsemiitative visual

assessment following SAM Qlépcott et al., 2011)

3.3.3.4 Conductivity
Conductivity was measured with &akton ECTestril1Waterproof Conductivity Meter.

3.3.3.5 Temperature

Temperature was measured with glass spirit thermometer.

3.3.3.6 Shade
Shade cover was quantified as a percentage by estimating very low, low, moderate, high and

very high coverage at ten transects along the reach, following the SEV protocol ~E o §
2011)

3.3.3.7 Macrophytes
Bankside and Hstream macophyte cover was quantified as a percentage by estimating
percentage cover at ten transects along the reach, following the Stream Ecological Valuation

(SEV) protocokE 0o 8§ oXU fdiiie
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3.3.3.8. Periphyton

The percentage cover of the stream bed byati#ht categories of periphyton was assessed
using the Rapid Assessment Method 2 (R&Mlescribed by Biggs amdlroy (2000) This
methodinvolves estimating th@eriphyton percentage cover on single stones at fieets

across the river oten transectswithin the reach.

3.3.3.9Substrate composition
Substrate composition was estimated with bankside visual estimates in the categories of
mud, sand, fine gravel, coarse gravel, cobbles, boulders and bedrock in pool, riffle and run

sections of the reach wherapplicable.

3.3.3.10 Stability

Substrate stability was assessed using the Pfankuch method adapted for AotEarAa

e 0oV }v ]8]}ve (992bA JatiBg of stability is derived from scores based on a
visual assessment of the physical conditminthe upper bank, lower bank and stream
substrate that are weighted by perceived importance. The final score being an indication of
the capacity of a reach to resist the detachment of bed and bank mateaiatsto recover

from potential changes in flow and/ondreases in sediment production” (Collier, 1992)

where low scores indicate high stability.

3.3.2 Laboratory Methods

3.3.2.1Microbialanalysis

E.colicounts A E e+ e« C ,]Joos > }E 3}E] *X " u%o0 « A E Z]oo
laboratorieswithin 24hrs from time of collection. AD WE }wasSmade for each sample

using Colilert (Incubated at 35°C for 24 hours), -drQolilert 18 (Incubated at 35°C for 18

hours),

3.3.2.2 Macroinvertebrate analysis
Samples of macroinvertebrates were filted washed 500.. emesh sieve. All

macroinvertebrates were identified tMCllevel
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Table2: Water quality guidelines for Aotearoe A « o v (E <ZA § E-

Variable Unit Trigger value Source

E. coli- primary contact E.coli/100mL >260 (single sample)

>550 (single sample)

Faecal coliform stock 100 (median of at least five samples collected ~ E« U Tiiie

drinking water within a 30day period)

Clarity Metres (m) Upland rivers “trigger” value >0.8 (DaviesColley, 2000)
Recreational contact guidelines >1.6 ~ E« U Tilie

Deposited Sediment percent coverage | <20percent-to protect instream biodiversity | (Clapcott et al., 2011)

(bankside visual estimate) value

<10 percent—to protect instream Salmonid
spawning habitat value

<25percent—to protect instream amenity
value

Macroinvertebrate MCI >120-Excellent (Stark& Maxted, 200¥
Community Indices
100-120-Good
8099 - Fair

<80-Poor

SQMCI >6—Excellent
5-5.99—Good
4-4.99— Fair

<4—Poor

3.3.3 Note on spot testing

Due to tle dynamic nature of rivers and streams, water quality and physiochemical
characteristics can fluctuate, even over a short period of time (diurnally). Therefore, it is
important to apply some caution to interpretation of spot tests of water quality var&able

using samples taken from the water column (e.g. E. claliity). Regular monitoring over

time is required to establish baseline conditions of a site. For this reason, unlike previous
Cawthron surveys ~,}ou U 7110V Koe v © ~Z & & Uthid barvey'sbuglE EU Tiii

to assess variables that fluctuate with less frequency and to record indicators of habitat
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quality, and restrict spot tests to those variables that were significant for recreation. This
survey did not spot test for nitrogeor dissolvel reactive phosphars in the water column

as the consequences tdngterm elevation of these nutrients are expected be more
effectively assessatiroughbiological measures (e.g. Ma@nvertebrate Community Indices

and periphyton).

3.4 Results and [@1gssion

3.4.1 Microbiology

3.4.1.1E. coli

EJE.coliu suE « A E (}uv 8§} JA % EJu EC }vs 3 Pu] o]v e ~&]PuC
it is important to note that while single samples are used in the management of recreational

*]3 U Z<AJuu dwimigdd py multiple samples of a number of years. The exact

VS3UE }(8Z]e ]+ o]l oC 8} Z vP A]3Z §Z }u]vP & (}JEu }( 8Z E 3]}v

Freshwater Management.

Tarndale and Island Gully sites have higher Eles@is (Figure 11). ©hcould be due to the
proximity of cattle to the streams at the time of sampling. Cattle as a source could be
evaluated by further faecal source tracking. Popular swimming sites near Molesworth and
Clarence campground were also tested and found to meetabtceptable primary contact

standard.

Awatere Above and Robinson sites also have elevatedliE: & |]PHE ii*X ,JA A EU + AJvs E
grazing sites, direct deposition of faeces by cattlgvo]l oC §} §Z pe X dZ ]S o[ %}}C
clarity may be linked witlthese elevated levels of faecal contamination, as sediment can

transportE. coliand act as a reservoir for the bacteria within channels (Davakey, Valois,

& Milne, 2018; Muirhead, Davies;oo CU }vv]e}vU " E P oeU Tiid-"
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Figurell: E. colimeasured at 21 rivers and streams in Molesworth Station in March 2018. Absent bars indiesué a
Dii DWEIiiiu>X

It is not possibled assess stock drinking water standards as protocol requires a median of a
minimum of five samples over a 8y period. Six of the sites were above the value of

<100/100mL.

Additional samples were taken from swimming sites at the campsites on the Wasau T
(Clarence) River and Molesworth stream as these are sites that are likely to be significant in
term of recreation. In this instance, both sites were below recreational guidelines, though
the site adjacent to the camping group at Moleswovihs relatively elevated at 146/100mL

(Figure 11).

3.4.1.2 Cyanobacteria

At Tarndale Brook two genera of cyanobacteria, Oscillatmméh W Z } (E u | wiqreu present

(Figures 1213, 14 and ppendix A)Both have the potential to produce cyanotoxins that can

be dangerouso humans, dogs and stock (McAllister et al., 2016; Wood, Puddick, Fleming, &

, Heev EU.TiiAotearoaE A « o v U §Z E E } pu vs e« o }( 830

deaths caused by the ingestion of cyanobacteria (McAllister et al., 2016; Wood et a)., 2017
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It poses a risk to drinking water and to humans using waterways recreationally ~, o v U
Wood, Broady, Gaw, & Williamson, 2017 here is also evidence to suggest that toxins
produced by cyanobacteria can accumulate in the tissue of species that arested as

mahinga kai (Dolamore, Puddick, & Wood, 2017). Cyanobacterial mats do not always contain
toxins and, where toxins are present, concentration within mats is highly variable and
difficult to predict (McAllister et al., 2018). Therefore, it is macoended to treat all

cyanobacterial mats with caution.

Cyanobacterial mats are increasing in proliferation and frequenéyiearoaE A « o v
(McAllister et al., 2016). Stable flows, high temperatures and slightly elevassdlved
inorganic nitrogen ~ /E+ }v VS@E 3]}ve %o} V¥ ZA®EC]pinlifaation (Aristi
§ 0XU 1ii6V D 00]*8 GEU , A U t}} U~ 8§ 0 ZU 1iidV t}} U %E U
, A +U Tiij}A A EU and dBsolved reactive phosphmr concentrations continue
to increase, they inhibit the growth of cyanobacterial m@¢kcAllister et al., 2018)There is
some evidence that increased fine sediment also increases the growth of these mats (Wood

et al., 2015)

Figurel2: Tarndale site upstrem, March 208
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Figurel3: Dark brown cyanobacterial mats, Tarndale Brook, Marct3201

Figurel4: Dark brown cyanobacterial mats, Tarndale Brook, March 2018
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3.4.2 Water quality

3.4.2.1 Clarity

Qusperded sediment measured as clarityganinterfere with wildlife behaviour(including
feeding) where animals rely on visidRespiration of aquatic organisms can also suffer as gills
may be damaged by fine suspended sediment (DaRakey, 2013)Fine sedirant (>2mm)
scatters light within the water column (Dawvi€®lley, 2013; Dymond et al., 2017; Matthaei
et al., 2010) This can reduce radiation available to for photosynthesis, thus changing the
composition of aquatic communitie®ymond et al., 2017; Mattei et al., 2010; Suren,
2005)

Sites that have clarity measuring less tham®@&obinson Creek, Acheron Reference site,

Awatere River sites, Acheron downstream of Saxton River and upstream of the Yarra, and

Island Gully) are considered have breacheglAotearoaE A « o v E]JA E[« "SE]PP E_ A o}
for upland rivers. Where the median values are found to be greater than 0.8m in upland

rivers, this is intended to trigger action by land and water managigasiesColley, 2000)

A limitation of the clarityube method is that it was not possible to measure clarity beyond
96cm. Those sites with clarity recorded as >96cm, having the greatest clarity possible in the

% % 0] S1}v }( 8Z]e u 8§82} X E]Jv }( 8Z id *]8 ¢ ~v}S Jv ou JvP ¢] Z v
less than 96 cm (Figure 15). These nine sites do not pass recreational guidelines that state

clarity should be greater than 1.6 metres ~ E+ U Tiiie
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Figurel5: Clarity measured at 19 rivers and streams in Molesworth Station in March 2018.

3.4.2.2 Conductivity

Conductivity is a measurement of the ability of water to conduct an electieaige. This is
relevant in the monitoring of water quality as the increased concentration of ions (such as
nutrient ions, nitrate and phosphate) in water will increase water conductivity. Conductivity
does not give an indation of which ions are presedowever, it can indicate where nutrient
pollution may be a factor. Conductivity was thought to be preferable as previous studies
~,}ou «U 1iidV Koe v ™ "Z & EU Tindicdted ZeryHovwEntrient levels

across the station.

Conductivity amss the station was consistently low in the Wairau and Waiau Toa
§ Zu v8e ~&]PuE i0*X ,}JA A EU D}o *A}ESZ "§E u Z
possibly due to its proximity to stockyards. The Robinson Creek and Awatere River
measurements were also elevated and this could be due to suspended sediment in the water

column increasing the phosphate concentration.
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Figurel6: Conductivity measured at 20 sites in Molesworth Station, March 2018.

3.4.3 Habitat quality

Ecosystenhealth of rivers and streams is determined not only by water quality but also by
habitat quality. Aquatic life requires suitable habitat as well as good water quality to thrive.

The measurements below provide some indication of habitat quality.

3.4.3.1 Deposited sediment

While clarity is a measurement of sediment in the water column, it is the sediment that
settles on the bed of a rivers or stream that can be most damaging for aquatic biota as it fills
in the spaces between and under rocks where invedéts and fish seek refuge (Figure 17)
and can smother food sources such as the thin films of algae present on rocks in natural
systems. Deposited sedimei#t often more detrimental for biota than suspended material

~ HE }v § oXU TiiiTV EParkaméntary Xemrissioner for the Environment,
2012)

Current guidelines suggest that a maximum of 20 percent fine sediment cover of river and

stream beds is appropriate to protect biodiversity values and that a bankside visual estimate
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of coverage preides sufficiently accurate data to monitor covera@dapcott et al., 2011)
Ten sites exceeded this ecosystem health guideline (Figure 20). At the Acheron reference site
(Acheron Ref) clarity was too poor to be able to conduct a bankside visual estifhate

deposited sediment as the riverbed was not visible (Figure 21).

Figurel7: Molesworth site deposited sediment: 16 March, 2018.

Acheron downstream of the reference site (Acheron u/s Yarra and Acheron d/s Saxton) and
all Awaere River sites had relatively high levels of deposited sediment (Figures 17, 18, 19, 22
and 23). The Awatere River site above Robinson Creek (Awatere Above) had the highest level
of deposited sediment (Figures 22 and 23). Slow flows and severe banknerotie reach
contributed to this (Figures 23). The pool pictured in Figure 23 had a thick layer of mud on
the bed.
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Figurel8: Acheron u/s Yarra site deposited sediment Figurel9: Awatere below site deposited sediment, March
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Figure20: Bankside visual estimate deposited sedimgetr¢entcover) recorded at 20 sites in Molesworth Statibfgrch 2018.
** Acheron Ref site akity too poor for bankside visual estimate to take place, river bed not visible.
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Figure21: Acheron Ref site downstream end of monitored reach, 11 March 2018

Figure22: Awatere River site above Robinson Creek (Awatere Above) downstream end of monitored reach, 17 March 2018.
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Figure23: Awatere River site above Robinson Creek (Awatere Above) upstream end of monitored reach, 17 March 2018.

3.4.3.2 Temperature and shade

Becaus }( A ] ]Jo]3CU Z+%}3 & e3[ u *p@E u v3e }( S u% E SuE E Vv}s§
impacts of warmer water temperatures on ecosystem health. The most significant

measurement, if possible, would be hottest temperatures over the hottest days of the yea

The highest temperature in this sampling of 21°C was recorded in Tarndale Brook (Appendix

B). Shading of reaches was found overall to be very low to low across most sites surveyed

with the exception of Five Mile Stream and the Awatere Above site, where willows were

abundant (Figure 24).
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Figure24: Shade visual estimate recorded at 20 rivers and streams in Molesworth Station in March 201

Temperature is highly variable in space and time. Temperature can influence the growth of
periphyton and levels of dissolved oxygen. Invertebrates display different thermal
tolerances, there are limits to the maximutemperature and duration of exposure to
maximum temperatures for specie®QWinn et al., 1994)Relatively sensitivevertebrates

like species dEphemeroptera (mayflies), for example, in lab tests have been found to survive
relatively short exposures 42rs) to 26.8 C butto struggle to survive longer exposures to
temperatures above 22.6 °Quinn et al., 1994) Pastorastreams have been found to have
higher average temperatures than native and exotic forested streams largely due to a lack of
shading(Quinn et al., 1997; Quinn et al., 1994; Young et al., 20@%H)g term impacts from
thermal stress may be indicated through low MCI values, where sensitive species are not

found in sampling.

3.4.3.3 Macrophytes

The growth patterns and abundance of mvatiand exotic macrophytes (aquatic plants) can
be influenced by land management and subsequent changes in conditions within the
channel. This can lead to impacts on aquatic ecosystems. In this survey, however, the

occurrence of macrophytes across the sitess found to be minimal (Appendix C).
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3.4.3.4 Periphyton

Periphyton is naturally occurring slime and algae in waterways (Biggs, 2@0@) use can

disrupt the natural growth of periphyton by altering nutrient concentrations, flow regimes,

light, tempeture and sediment load in water bodi@Biggs, 2000; , & JvP § oXU i6do6V , ES

et al., 2013; Snelder et al., 2014)he results of the RAM for the assessment of periphyton

show lower values than those recorded by Cawthron in 2011. This could be foreenafm

reasons but it is also important to recall the large storm event in the month prior to sampling.

,]JPZ (0}Ae v pe oP 3§} Ju § Z (E}u 3Z ep sSE § v A e
Figure 25 shows the lowest scores for periphyton at the Acherfer&ece site. This is likely

a result of abrasion from high sediment loads in the water (c.f. poor clarity results) and/or

the same high sediment loads limiting light penetration to the riverbed.
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Figure25: Periphyton rapid assessment recorded at 20 rivers and streams in Molesworth Station in March 2018.

JPZ 8 « JE ¢« ~ Vv 3Z & (JE §Z PE § 3 }A EP }( % E]%ZCs}v d
Tarndale Brook (Figure 25). Periphyton growth at this site is likely to be influenced by slow

flows, high temperatures and lack of shade. More analysis is needed of the categories of

periphyton recorded to develop a full picture of the drivers of periphyton growth at these

sites, however, this is beyond the scope of this report.
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3.4.3.5 Shistrate and stability

Substrate measurements were converted to an index where the higher the number the larger
the substrate (Appendix E). Sites at Tarndale Brook (Tarndale) and Serpentine Creek
upstream of the fence (Serpentine u/s fence) had the largebstrates, while the Island

Gully main site and Robinson had the smallest substrate (Appendix E).

Stability was assessed using a Pfankuch assessment method where low scores indicate high
stability (Collier, 1992) Stability in the context of habitat quality is significant in that it
influencesthe taxonomic richness and abundance of aquatic invertebrates as well as the
growth of periphyton (Collier, 1992F he lowest scored and therefore relatively highly stable

site was Serpentine Creek upstream of the fence (Figure 26).
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Figure26: Stability assessment recorded at 19 rivers and streams in Molesworth Station in March 2018
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3.4.4 Macroinvertebrates

3.4.4.1 Macroinvertebrate Community Index

The Macroinvertebrate Communityndex (MCI) and Quantitative Macroinvertebrate
Community Index (QMCI) gives a score for a site based on the presence and abundance of
taxa collected (Table 3). The MCI score gives an indication of how impacted a site is by

nutrient enrichment and/or orgaie pollution as taxa respond differently to these impacts.

Table3: Interpretation of MCI an@MCI (Adapted from (Stark & Maxted, 2007b)

Quality Class Description MCI QMCI
Excellent Clean water >119 >6
Good Doubtful quality ompossible mild pollution 100-119 5-5.99
Fair Probable moderate pollution 80-99 4-4.99
Poor Probable severe pollution <80 <4

Figure27 shows that the majority of sites were found to be good or excellent based on MCI.
Bowscale and Molesworth sieboth scored 99 and Rag & Famish scored 90 (Appendix D).
The Bowscale site is an outlet of a lake and therefore likely to have a different composition

of invertebrates magxplainthe low score at this site.
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Figure27: MClI recorded in 19 streams in Molesworth Station collected in March 2018.

3.5 Conclusion and Recommendations

This survey of physiochemical, biological and microbiological parameters of 19 rivers and

streams on Molesworth Station indicated that water quality on the station is generally good.

There is indication that there may be some pressure on ecosystem health by fine deposited

sediment and that human and stock health could be put at risk by cyanobacteria.

In the interests of managing waterways to be corgistwith the values and policies
described in the Molesworth Management Plan (2013), the author makes the following

recommendations:

3.5.1Recommendation 1

Using Geographic Information System (GIS), develop mapping that identifies erosion risk
across tle station. Using this risk modelling, identify areas where it would be practical to
address erosion and manage land to reduce fine sediment loss to waterways. Prioritise future

land management projects through this process.
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3.5.2Recommendation 2

Produ@ and introduce cyanobacteria training materials ¢ ug@nd DoC staff. Develop
protocols for Molesworth Station involving/ uand DoC staff to limit risk to the public and
animals. @ v} § &] <Z}po ulv]s}E& and@oQG Staff Wirough a system

of shared recorded observations.

3.5.3Recommendation 3

Consistent with the management plan, establish and maintain a theaely monitoring
programme in order to track changes over time. Each round of monitoring should result in a
substantive report such as this one and monitoring should incledecoli deposited
sediment, conductivity, clarity, MCI, temperature, shade, periphyton, macrophytes, and

substrate composition.

3.5.4Recommendation 4

In order to respond to localised concerns for waterways on the station in terms of ecosystem
health, a conductivity meter can be purchased for the station as a first indicator in cases

where nutrient contamination may be suspected.

3.5.5Recommendation 5

In order to respond to localised concerns of the suitability of waterways for recreation
and/or stock drinking water, a guide to E. cedimpling and testing should be produced and
made available to W and DoC staff.
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4.1 Abstract

Molesworth Station is a large beef operation in the high country of the South Island,
operating on land leased from the Department of Gemationt} W up ~> v }E% & Eu]vl
Ltd.)

KA E ooU A § E <p 0]3C }v 8Z 35 8]}v Z -« v (}Juv 8} A EC
loss to waterways has been identified as a likely pressure on ecosystath hgthin the
*3 §]}v[e *SE ue v E]JA E-X

Ths report identifies action areas on the property and presents six recommendations to

address sediment loss to waterways on Molesworth Station.
The six recommendatns are:

Fence small northern Awatere River tributaries.

Plant between Molesworth Stream astbckyards.

Observe Robinson Creek.

Fence seep near Tarndale Brook.

Survey to compare small streams on Molesworth and St James Stations.

Maintain threeyearly monitoring programme.

4.2 Introduction

Chapter thregeported that sampling on Molesworth Stan in March 2018 found sediment
loss to waterways was likely to be impacting the ecosystem health of streams and rivers on

the property. Sediment loss to waterways and its transfer downstream are natural processes,
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however, increased sediment loads inestms and rivers can result from agricultural activity

and lead to a multitude of adverse effects.

Molesworth Station is a very large beef operation operatindgl88,787ha of high country
with significant areas of naturally highly erodible landscapegeheral, water quality on the
station is good; the majority of sites sampled showing MCI values that indicate good or
£ o0 v3 AS E «puo]SCX ,JAA EU Jv % ES+ }( 3Z 3 38]}v 8Z }A C
deposited fine sediment is high and water chaiig poor.March 2018 sampling found that
in-stream biodiversity guidelines for watelarity were breached at seven of nineteen sites

sampled. Guidelines for fine sedimgrmm) covewere breached aten sites.

Research has found there is link betwebigh levels of deposited sediment and low
ecological integrity in aquatic environments (Davizdley et al., 2015; Waters, 1995)
Deposited sediment can impact aquatic life by smothering animals, (fish and
macroinvertebrates) directly. It can reduce sdole habitat by filling the spaces between
rocks where animals take refuge (Burdon et al., 2013; D&uidley et al., 2015}t can also
smother and bind with the periphyton (algae) that grows on rocks in rivers and streams,
which can reduce the nutriticad quality and availability of this important food source for
macroinvertebrates. Invertebrate communities affected by increased sedimentation can be
altered, losing more pollutiosensitive species such as mayflies and stoneflies, and seeing
an increase in chironomids and oligochaetes that can survive in deposited sediment

(Matthaei et al., 2010; Wagenhoff, Townsend, & Matthaei, 2012)

Suspended sediment in the water column, indicated in this report by water clarity measured
in centimetres, also impactdh¢ health of aquatic ecosystems. Suspended sediment can
disrupt aquatic animals that are visual feeders by reducing visibility (Lange et al., 20&4)
gills of fish and invertebrates can be damaged by suspended sed{Bauibée, Dean, West,

& Barrier, 197). It can also diminish the quality and quantity of periphyton by reducing light
penetration through water, which can disrupt macroinvertebrate communities as an

important source of food is altered (Davi€slley, 2013; Matthaei et al., 2010)
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Moleswotth Station has a stream and river network of approximately 2,672km across three
major catchments, Waiau Toa (ClarepcWairau and Awatere (Figu28). A significant
proportion of the station is classified as having “extreme erosion severity” ffetentin
area), “very severe” (330 percent in area), and “severe” (five to ten percémtarea)
(Department of Conservation, 2013actors contributing to this erodibility include tectonic
activity, underlying geology and soil types, climatic influences (includingtfeaste, which
leaves soil exposed), types of vegetative coaad lack of suitable stabilising vegetation, as

well as pest and stock disturbance.

The natural erodibility of a large proportion of the station means mitigation of soil loss to
waterways is not always appropriate or practical. Chapter threeommended using
Geographic Information System (GIS) software to identify areas where it would be beneficial
and practical to mitigate erosion to reduce fine sediment loss to waterways in twradgorm

future land management decisions.

Using national data sets for deposited fine sediment in waterways, it is possible to identify
areas of the station where observed deposited fine sediment values are significantly higher
than would be expectednder natural conditions and, therefore, areas where human activity

is more likely to be a factor in sediment loss to waterways.

This report maps these areas and overlays them with national data-&iream biodiversity
values to identify action areashese are areas of the property where mitigation of sediment
loss is practical and likely to be most effective in improving ecosystem health of waterways

on Molesworth Station and beyond its boundary.

From this, in combination with current freshwatersearch and information gathered during
sampling in March 2018, six recommendations are mameddress sediment loss to

waterways on Molesworth Station.
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Figure28: Molesworth Station is located in the South Island of Aoteafod « o v § §Z Z A § G« }( $3ZE u i}E E]JA E
catchments; Awatere, Waiau Toa (Clarence) and Wairau Rivers.

4.3 Methods

4.3.1 National datasets

Predicted streambed sedimentation datasets are publicly available through Ministry for the
vA]E}vu ud Bite, as is the national dataset for predicted average Macroinvertebrate
Community Index (MCI) scordMinistry for the Environment2016a, 2016b, 2016c)
Predicted expected scores for MCI, used for this report, are not currently publicly available.
Predicted native fish data was also considered for use in this report but, due to the altitude
of Molesworth Station and therefore its limited number of fish species, it was found not to

be appropriate(Canning, 2018)

58



4.3.2. Predicted Streambed Sedimaotafi990 2011

A national dataset for observed fine sediment cover has been developed usiepl of
field observations from 10,026 sites around the country. Streambed sedimentation is
recorded as a percentage of the bed covered in fine sediment iGodates <2mm in

diameter)(Ministry for the Environment, 2016a)

A national dataset for expected streambed sedimentation (i.e. fine sediment cover under
natural conditions) has been developed using a regression modelgtakio account
observed measuments and predictors such as slope, climate and vegetative ¢bipistry

for the Environment, 2016b)

Current guidelines suggest that a maximum ofp2@centfine sediment cover of river and
stream beds is appropriate to protect biodiversity values and that a bankside visual estimate

of coverage provides sufficiently accurate data to monitor cover@ggpgott et al., 2011)

For this report, sites where expected fine sediment cover is greater thgre&&nthave

been excluded as this suggests these sites are naturally high in deposited fine sediment and,
therefore, would be less likely to respond to mitigation. Sites where observed streambed
sedimentation is less than 2fercenthave also been excluded as fine sediment cover is

0}A §Z Ppu] o]v e[ threshold for-Btreach dividiversity.

Sites that remain have expected values of less thape26entand observed values greater

than 20 percent

4.3.3Predicted average Macroinvertebraten@ounity Index score, 2007
—2011

A national datast for predicted observed average MCI scores has been developed using
monitoring data from 513 sites around the country in combination with predictive factors
such as land cover, elevation, climate and geol@jgpcottet al. 2017) A national dataset
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for predicted expected MCI scores (i.e. the expected score under natural conditions) has
been developed using monitoring data from 1033 sites and environmental data including

land cover, flow, temperature, slope and geology.

It is important to note that theMCI commonly used in AotearoB A « o v Z -« v

developed to indicate the effects of nutrient enrichment on streams and rivers not sediment.

JA A EU Yp v3]s 3]JA D E}VA ES E § Juupv]8C /v &£ ~YD /e Z

degrade in response to increasisgdimentation.

4.3.4 Collected data, March 2018

Ecosystem health surveys were conducted @tsites across the statiochapter 3) Sites

were chosen from 66 sites sampled previously by the Cawthron Institute ~,}ou U TiidV
Olsen & Shearer, 2007; Shearer, 208hall and large order waterways were sampled taking

into consideration geographical spread, winter and summer grazing sites as well as improved
pasture and sites that have been fenced off from cattle. Reach length was determined by
taking an aveage of the lengths of five widths of the water body aloageachand

multiplying by 20 +p to a maximum length of 150 metres (Table 2).

4.3.50bserved/Expected ratios

E SUE o A E] ]o]8C }( oV e % v AS EACe u thatis v 37
considered fair for one river type may be considered good for andtiapcott et al., 2017)
Likewise, predicted streambed sedimentation may be above thee2€entguideline for in

stream biodiversity in some reaches under natural conditions tduenderlying geology,

topography or climate.

To overcome this variability, this report uses ratios of observed versus expected values. This
ratio is calculated by dividing observed values by expected values (O/E). Using O/E, the
impact on waterways is measured by the extent to whodiserved conditiongiffer to

reference (expected) conditions.
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For example, where a site is found to havepédcentfine sediment cover and its expected
percentage cover is the same, it would be said to have a 1:1 ratio. There is no difference in
what is observed and what is expected. Whereas a site that has antedpswer of two
percent but an observed cover of 40 percerduld have a 20:1 ratio. In this case, streambed
sedimentation could be said to be 20 times higtiean expected. Sites with high ratios are

more likely to be influenced by human activity on the land.

In the case of MCI, low ratios indicate a more impacted waterway because scores are worse
(lower) than expected. For MCI, an O/E value of less thanwauld suggest sites may be

impacted,wherethe smaller the ratipthe greaterthe impact.

4.4 Limitations of report

This report does not include information or recommendations for lakes and tarns on the

property.

4.5 Results and Discussion

4.5.1 Observed/Expected streambed sedimentation

Figure29 and 3Gshows the output of observed/expected streambed sedimentation using
model derived from a national dataset. Where O/E is less than five, sites have not been
coloured. This means that only sitehi@ve observed streambed sedimentation is greater
than five times the expected cover are coledon the map. Dark red sites have between
50-and 100timeshigher streambed sedimentation than expected. Only a few sites have an
il A op 3Z]-owgueZvélues between 10to 50times higher than expected are

common (dark orange).

61
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Figure3OW 3 ]o }( %E ] & <3E u e Ju v3 §]}v KI }pus8%p3 *Z}AJvP «]18 « AZ E KI Gii

JJPZ & A op e E oues E ]eatdimentATvalersAlaleyEbetween the

Bowscale Lake Outlet, Tarndale and Severn u/s Ford sites) as well as below the Alma and
ANA Ev Z]A Ee }v(op v X ,JPZ Aope+s E o0} 353 E SSZE}u
River, far eastern edges of the propeland some smaller tributaries of the Waiau Toa
(Clarence) like the Leader Dale. The Wairau River catchment shows low values using these

national datasets.

Appendix F shows some effects of streambed sedimentation and appendix G shows examples

of depositd fine sediment at Molesworth Station sites.
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4.5.2 Observed/Expected MCI scores

Figures 31 and 323hows the output of observed/expected MCI scores using national

datasets. Where O/E is greater than 0.85, sites have not been coloured.

Similarlyto Fgures 29 and 3G@hese maps show clustering of poor O/E values in the Awatere

River catchment, and between Bowscale Lake Outlet, Tarndale and Severn u/s Ford sites.

JA A EU §Z t]JE u 85 Zu vd 0} %% Ee+ 5} Z A opeS E]JVP }( %o}}
the upper reaches of the Waiau Toa (Clarence) River at Serpentine Creek. Low values are

scattered across the station including on the Guide River and eastern edges of the property.

Figur&@1: Map of predicted MCI O/E output *Z}A]JvP «]§ « AZ & D / KI ]+ GiX6h
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Figure32W & Jo }( % E ] & D/ Kl }us%us *Z}AJvP +]§ « AZ & D/ KI ]+ GiX6#h

The lower MCI O/E values in the Wairau River and upper Waiau Toa (Clarence) catchment
are likely due to tk change in stream shading due to deforestation over time. For example,
predicted historic values for riparian shade on Island GutBaBt were between 70 and 80
percent, while predicted current shading ftire stream are less than 15 memt(Ministry of

, 0S8ZU T1.iThbisds supported by March sampling, where shade for Island Gully sites was

recorded as very lofwShade = <2)

4.5.3 Collected data/Expected MCI scores

Table 4shows observed data collected in March 2018 over expected data from tihenaht
§ ¢« 5 AZ E epecpvd8 D/ KI AopsesAE (}uv 3§} GiX0AX dz
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March 2018 should be used with some caution as collected data is frorofbsampling.

JA A EU 8 } e «Z}A oJu  IV(]EU 8]}V }( % E --@en@BitelwitrA § E Z]A E
Awatere Above and Molesworth sites showing values below 0.85. Travellers Valley sites

(Bowscale Lake Outlet and Severn u/s Ford) also have low values. Rag & Famish shows an

exceptionally low MCI O/E using March 2018 data.

Table4: Predicted reference MCI and March 2018 sampling MCI scores used to produce a
MCI O/E value.

Site Predicted Reference MG  March 2.8 MCI score MCI O/E
score :
(using March 208 datg

Awatere Above 126 103.56 0.821
Severn u/s Ford 131.8 107.5 0.816
Bowscale Lake Outlet 124.2 98.67 0.794
Molesworth 128.7 98.89 0.768
Rag & Famish 133 90 0.677

4.5.4 Collected data/Expected streambed sedimentation

Figures 33 and 3dses observed data collected in March 2018 over expecata flom the

national dataset. Againhis map should be used with some caution as collected data is from

one-off sampling. ,}JA A U ]38 } * }(( & <}u pe (po }V(]Eu 3]}v }( u} oo
7 shows the Awatere River catchment sites have significantly higher depfis#eskdiment

cover than would be expected under natural conditions, as does a site on the Acheron just

above the Yarra River confluence.
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Figure33: Map of streambed sedimentation O/E output using data collected in March 2@ZIBA]vP +]8 « AZ & KI ]« Gii
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Figure84wW 8 Jo }( *SE& u e Ju vs §]}v KI }ud8%pus pue]JvP & Yoo & Jv D E Z 11i6 «Z}A]JvP «]8 »

4 5.5 Intersection of streambed sedimentation and MCI O/E

Figure 35 and 3@ighlight areas where the stream sedimentation O/E and MCI O/E maps
intersect. These areas have both a lower than expected MCI and higher than expected
deposited fine sediment, using national datasets. Sites with this intersection are likely to be
impacted by increased deposited sediment due to human activity and may have the greatest
potential to improve measures of biodiversity with mitigation and changes in land

management.
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Figure35: Map of intersection of streambed sJu v§ §]}v KI ~@& §]} Giie v D/ KI ~@& §]} GiX0fie }uS% pus |
datasets.
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Figure36W  § Jo }( JvS e+ S]}v }( *SCE u e Ju vs §]}v KI ~E& §]} Giie v D/ KI ~& 8]} GiXodfe }u
datasets.

4.5.6ldentifying actions areas

The areas of intersection of streambed sedimentation #f@l O/E identified in Figure 35
cover a large areaapproximately8,028ha).Based e current researchit is possible to
narrow this areadown to reaches of the river netwk that could be considered more
vulnerable to impacts, morikely to respond to mitigation and more likely to haaBow on

effects inimproving the health of waterways on Molesworth Statemd beyond

It is also appropriate to use information gatleerin the water quality survey of March 2018

and apply some basic knowledge of how people and livestock interact with waterways on
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Molesworth Station to identify appropriate areas to take action. This report considers the

following factors in identifying action areas for erosion mitigation.

4.5.6.1 Headwaterssmall streams

Biodiversity

, A3 E+ E +uo00]vd Eul]33 V3 }JE (JE*5 v + }v }E E 3E
to contain proportionally greater biodiversity than larger waterways and rioute

significantly to the biodiversity of whole river systemso EI U D E ooCU }v U ™ > | U
Meyer et al., 2007) Small streams are both a source diversity and a refuge (seasonally and

at stages in the lifecycles of certain species) for mavestebrates(Meyer et al., 2007)

Research suggests that maintaining the health of headwater streams is vital to the biological
integrity of whole river networks and that small streams are particularly sensitive to impacts

from surrounding land useC{arkeet al., 2008; §Z ~ }oo] EU 1iiiV '"E& VvA}} U , C
D /v&}eZU ~ E]C}P]JU TiifV D C & § oXU Tii6-

Contaminants

Small streams in pasturel m wide, 30 cm deep) have been found to account on average
for 77 percentof the national load of contaminastin AotearoaE A « o (McDowell,

Cox, & Snelder, 2017)These contaminants (including sediment, E. pblasphous and
nitrogen) originating in small headwater streams can accumulate in downstream reaches of

a river network (Greenwood et al., 2012cBlowell et al., 2017)

4.5.6.2 Areas of concentrated livestock activity

Previous studies investigating water quality on Molesworth Station undertaken by the

ASZE}v [ve8]8u8 «Z}A ZZ}3 % }Se[ }( }vs u]v 3]}v AZ & §
concentrateal for short periods oftime~,}ou «U 1110V Koe v " ~Z & EU.T1i6V "Z
March 2018 sampling also suggested that where there is concentrated livestock activity, local

water quality may be impacted.
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For example, Molesworth Stream showed high lsvefl deposited sediment and had the
highest conductivity of all sites across the station. It is likely that this is due to concentrated
livestock activity within stockyards above the site and overland flow to the stream. An image
taken from Google Earthhews the proximity of the stockyards to Molesworth Stream and

a flow path from ponded water above past the gatowards the stream (Figure 3G oogle
EarthPro 2018). Likewise, the Tarndale site showed signs (high periphyton growth and
cyanobacteria) blocal impacts, which are likely to be due to livestock activity at the seep

above the site (McAllister et al., 2018; Wood et al., 2015)

Figure37: Google Earth image showing location of stockyards, Molesworth Stream monitoring site and campground in
relation to each other and Awatere River. Pooled water can be seen in the tdpaledicorner of the image with a flow path
moving down towards the stockyards and then towards the streg@oogle EartifPro, 2018)

4.5.6.3 Riskothuman health

Molesworth Station is also a recreation reserve and is open to the public over the warmer
months. During this time people come into contact with waterways. While no samples taken
in March 2018 breached swimming standardsEscherichia co(E. coli)iwo Awatere River

catchment sites were found to have elevatEdcoli It is possible that this elevation is due to
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the correlation between high suspended sediment &doliThe proximity of these sites to

the campground this may be an atidnal rationale for a focus on this area.

The proximity of the stockyards and their drainage into Molesworth Stream could pose a risk
to human health as the campground is downstream and people regularly use the stream as

a swimming holén the summer maths (Figure 3y

The Tarndale site was the highest recordedcolin March 2018 sampling, likely due to the

% E}AJU]S3C }( o]A 3} 1 8§ 3Z 3lu }( * u%o]vPX ,}JA A EU E]-!
contamination at this site is likely to be low as {igblic do not have access to this area of

§Z ( ®uX ,}A A EU werediscoverd@]at the site and its proliferation there

could be due to the activity of cattle above the stream at a seep (as this activity is likely to

have led to increased depitad fine sediment and some elevation of nutrients) (McAllister

et al., 2016) While the public may not be at risk fraimese cyanobacteriadue to restricted

access, staff and their animals (dogs, horses) may be.

4.6 Conclusion and Recommendations

Taking into account the O/E results from national datasets and March 2018 sangsingl|
asresearch orfreshwater ecology and restoration of waterways and some bawgviedge
of how people and stock interact with waterways on Molesworth Station, thevdtig

recommendatios are made.

4.6.1 Awatere River Catchment

Recommendation 1: Fence small northern Awatere River tributaries

It is recommended that the small order northern tributariedlod Awatere River are fenced.

These streams have been higihlied in a cluster in Figures 35 and 86 reaches of the
catchment that have both high streambed sedimentation O/E values and low MCI O/E values.
This is consistent when also using March 2018 dataéhe observed vaé (Figure 3%and
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Table 4. Fencing tembeen found to have relatively rapid influencing in reducing sediment

loss to streams~, 4 P Z @uinn, 2014; McDowell et al., 2017)

These streams are not only of value to local biodiversity but, because of their position in the
headwaters of the AwaterRiver catchment, they are likely to be significant to the biological
integrity of the whole river network. Small streams are more sensitive than large order rivers
to activities on adjacent land and, because these streams are within the hectares of@prov
pasture on the station, they are likely to be more at risk than small streams outside areas of

improved pasture. An example of land use pressure on thesarsis can be seen in Figure
38.

Figure38:Example of pugging damage in headwaters in improved pasture, Awatere River catchment, October 2017
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Small streams within pasture contribute a high proportion of contaminants to overall
catchment load and restoration of rivers is likely to be more successful if efforts are focused

onheadwaters and upstream sites rather than short reachéavirer parts of the catchment.

Groundtruthing the extent of these small streams will be needed as smaller reaches above
the areas highlighta in Figures 3 and 36Gare likely to also need to be fenced for mitigation

to be most effective. Using GIS data alone, and including reaches above the areas mapped,
gives a totawaterwaylength of approximately 52.9 km (approximately p&centof the

total lengthof waterways on the property).

Because bthe length of waterways in question and the costs associated with fencing, it is
likely that this work will need to be conducted in stages. Taking an ecological approach, the
fencing project would start from the top, smallest streams, working downstregyid A E U
there may be logistical or operational considerations that mean another approach may be

more practicable.

Recommendation 2: Plant between Molesworth Stream and stockyards

It is recommended to carry out planting of appropriate native speoieshe flow paths

between the stockyards and Molesworth Stream.

The Molesworth Stream site was found to have high deposited sediment in March 2018. It
also had the highest conductivity of all sites across the station, indicating elevated nutrients.
E. coliwas also found to be elevated at the site in March. It is likely that the source of these

contaminants is the adjacent stockyards.

Because of the indication of pressure on ecosystem health and the potential risk to the public
and staff who swim in Moleswth Station downstream from the stockyards, planting
between the yards and the stream could reduce contaminants reaching the stream via
overland flow (sediment Figure 39-andE. colj as well as reduceutrient contaminants.

Planting close to the streamay also, over time, improve stream shadiRgure 4.
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Figure39: Streambed sedimentation and periphyton in Molesworth Stream, March.2018

Figure40: Molesworth Stream looking downstream towarfie/atere River, March 2018. Slope between stockyards and
stream on the right.
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