Monit de i Mgiea Want egr artdinge ra(
cul tur al heal th i ndex with <c
I mproved fmaesalgwanteart

A thesis
submitted in partial fulf
of the requirements for th
of

Master ofE&Sclieggyeand Biodiver
[ Faculty of Science and Eng
at
The University of Waikatao

by
SHANNDHEIAATAREREDGECOMBE

THE UNIVERSITY OF

WAIKATO

Te Whare Wananga o Waikato

2024




Abstract

Globally, thereare universalefforts to quantify and addreskuman impacts on ecosystems. In
particular, changes in land use and river regulation have led to drastic declines in stream and river
ecosystem health. These human impacts are driving the global freshwater biodiversity crisis and

degrade ecosystem servieeprovided by aquatic habitats. lAotearoa New Zealandhere is
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values, assesscosystem healtlirom a cultural perspectiveand provide greater agencgrfMnori in
environmental monitoringand managementn my thesis, | sought totegrae an establishedultural
monitoring frameworkwith conventional biomonitoring tools for improved freshwater management

I hypothesized that using a suite of monitoring approaches would dhetipct the impacts of human

land use on stream ecosystem health, and that cultural indicators wbeldconsistent with
conventional measuresnidiagnosing land use impacts.also hypothesized that there could be
discrepancies between cultural monitoring and conventional approachesdsepresent different

perspectives and ways of knowing streams and rivers.

To test my hypotheses, | selected ten stream sites across the catchment of the Kuratau River, a major
0 NR 0 dzii I NB Ba$ed priRivierEnvirdnmigniliCrassification land cover types, | used a balanced
studydesignwith five sites draining indigenous forest, and five sites draining pastoral land. | mdasure
key stream physicochemical properties and collected water samples for determination of nutrient
concentration and faecal coliform countslso characterised instream and riparian habitat. | colcte
benthic macroinvertebrate samples and sampled water for environmental [@ENA)t0 assess
different facets of biodiversity. | measuwtelecomposition using the Cotton Strip Assay and quantified
periphyton biomass using a portable fluorometer. In combination with these approaches, | also used

a Cultural Health Index, an established cultural monitoring framework that assesses three
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components: customargignificancetaonga specieshahinga kai (food gathering), and the Cultural

Stream Health Measure (CSHid)assess identified attributes f@tream health

| found that pastoral land uses lead to a decline in stream ecosystem health when compared to sites
draining indigenous forest. Pastoral sites had higher specific conductivity and concentrations of total
nitrogen and nitrate Habitat variables changed, with increased sedimentation and more degraded
riparian zones in pastoral streams. Decomposition rates as measured by the cotton strip assay
increased in the pasture sites, which was likely a response to increased nutrienb#itail®here

were shifts in macroinvertebrate compositipwith key indicator taxa fotndigenousforest sites
including pollutionsensitive mayflies and stoneflies. Total taxa, EPT (Ephemeroptera, Plecoptera,
Trichoptera), and aquatic insect richnessaghificantly declined in pastoral sites. Increases in primary
production were less pronounced, but did increase alongside abundances of grazing caddisflies and

snails in the sites draiimg pastoral catchments.

The Cultural Health Index indicated that sites in the Kuratau River catchment had customary and
mahinga kai valueCSHM responded negatively to pastoral land uses, and the effect size it described
was congruent with other responses. The CSHM was strongly correlated with an indicator of riparian
habitat condition (the Riparian Condition Index) and had weak negativeelabons with
sedimentation and stream temperatures. The CSHM was not correlated with macroinvertebrate
indices, which may have been becao$¢he relatively few sites sampled, the narrow impact gradient

in the Kuratau catchment, and the lack of temporal replication. However, cultural monitoring
approaches shoultbe seen to complement conventionahvironmental monitoring methods for
assessing freshwater, and not be expected to duplicate them. The strength of the Cultural Health Index
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lens, and to supportand foster inclusion for tangata whenua epistelogies in environmental
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and further explore the mechanisms driving changes in stream health and biodiversity.
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Chapter 1¢ Introduction

Pepeha

Ko Taupirte maunga
Ko Waikato te awa
Y2 ¢FAYydzA YS ¢F1AGAYdz yan 61 11
Y2 ¢l AYydzZA YS baIndA wlky3aAydzhi y3In Ag;
Y2 baAndA 2FANBNB YS tANANI(Fdz yan K|
Y2 ldAlnydzA YS t2dzidzi SN} y3IA y3An YI NI
No Waikato me Te Moana o Toi te Huatahi ahau
Y2 2KpAY3AFNREF (21dz {FAY3Il AYEAFYSA
Y2 {KFEylF WFERS ¢S LFF ¢FNBNB Gl 1dz Ay
In its most direct description, my pepeha above connects me to my ancestors and describes the
whakapapa of thevhenua,waters,and community connectionthat nurture me and mynokopuna

(descendantsthrough myii n LJdayidestors)As| have introduced myself in my pepeha, | must also

beginthis thesis by introducing the whakapapa of this research.

2 KFTlFLIFLE OFYy 060S RSTAYSR da WiKS tFre@SNAy3a 2FQ LIS
the central principleA y ¢S | 2 an 2 NAX that ardets Nde universqHiker@oA2615. Ds
GFy3aralr éKSydzZZ o6LIS2LX S 2F ir&ng (wWorldyoRlight) as BN\ S E A &
representations of the accumulation of olrn LJd#yeir successes, their failures, thédisses,and

their lessons. Whakapapa is how we understand, record, discuss, and interpret that accumulation.

More detail is providd on the concept ofvhakapapa andts place in Te Aa n 2 belw, but for

context of this introduction, we can briefly describe whakapapa as the innate connections that exist

between people and place, throughout time.

Whakapapa is an important concept in expressing Ta Ao2dsRt has a significant influence on the

way ideas are understood@he ability to view something from a whakapapa perspective is something
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that is uniquelya n 2 NJ&hasbegérRa core concept through every phase of the development of this

research.

Using my ppeha | introduce myself following the chronological structure that is tika (correctein
Ao a rori, the structure that recognises and acknowledges my whakapdpa whakapapa of my
people ¢ before myself My journey did not begin with me. bktart by introdudng my maunga
(mountain) as the mountains are the closest Ranginui (skyand the first to receive light from
Tamanuite Raa (the Sun). My awdver)follows next as it is the rivers that flow from the mountains
to the sea then my wakahat carried myli 0 LJ@xyfm-Hawaiki to Aotearoa My Iwi,K | |ifarae are
acknowledged as the collective that upholgsptects,and supports Moritanga. | then describe the
rohe (regional area) | belong to, and whereurrently live in recognition of & mana whenua o
Whningaroa. | wouldtloseby stating my koro and kuia, mmn and mpn, before my individual self in
the chronological timelineof who | am This research, ado |, exists as the manifestation of the

accumulation of events that occurred long before these words reached this paper.

Challenges facing freshwater ecosystems in Aotearoa

Globally freshwater ecosystems are undecreasingpressure from human impactich agand use,

pollution, and climate chang€Dodds et al. 2013)n Aotearoa New Zealandhe ongoing decline in

the health ofg I A an 2 NA {(onglLidayd fidzestialgivBrs) has long been a concern itei

an2®0NKS LINRGSOGARZY 2F FTNBAKSIGSNI A& | LINA2NRGE T2
values of te wai puna ariki (Wath Ay an2NR OdzZ G§dzZNBX yR GKS SO2ae.
these habiats provide for the health and webleing ofte tangata (people)Taonga species, including
native freshwater fish such @glaxiids6 & K2 NIi2t ¢ 11 1 2 LJdzE yRA loyidk yBIF  Z LIz
(kanakang, and longfin eels (tuna) are considered by the Ministry for the Environment as either
threatened, or at risk of extinction (MfE 2020he widespread degradation of freshwateralsoof
major concern forresource managers given the importance of these ecosystemsustaining

~

biodiversity and human webleingd 9 N1 & S {iThdrefistunequivecal @vidence tHegshwater
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systems imAotearoa New Zealanake underimmensepressurefrom anthropological impacts such as
agricultural intensification, urban expansion, hydroelectric developmami] climate extremes
(Gluckman et al. 201770 understand the current state of freshwaterAotearoa New Zealanave

must first examinesome ofthe manychanges that have led us here.

an2NR | Abldrdadh Raka (Fanoes) frotHawdiki in East Polynesia between 1250 and 1300
CHKing 2023)In some tribatecollectionsthe ancestoiKupe is credited as discoveriAgtearoa The
Polynesian explorers who settled Amtearoaadapted to thenew landsand developed a distinctive
culture that existed in isolation for centuries. It was not untdre thanthree hundredyears later in
1642duringthe WesternAge of Exploratiorthat Europeans became aware Abtearog and only in
1769 that British explores set foot on and maped the country (King 2023) This development
instigatedOK I y3S T2 NJ aag théyPoecam2 Méréasingls dvolved in interactions with
Europeartravellers At first, interactions were based on trade amtermittent visits by vhalers and
sealers. However, witthe goal ofincreasingthe population of Europeasettlers in Aotearoa New
Zealandrepresentatives of the United Kingdoadvocated for thdormation2 ¥ | ¢ NBI G & 6A (K
This led to the development dfe Tiriti O WaitandiTreaty of Waitangj)an agreement formulated to
guideKotahitanga (unity) between the British Crowre&n 2 &hllt@ protect Tino Rangatiratanga and
Mana Motuhake gelfdetermination) ofa n 2aNdtheir taonga (treasures/natural resourceg)eTiriti

O Waitangivas signed by various tribethiefsand the British Crowim 1840whichledto the formation

of the Crown Colony of New Zealand in 1§4ing 2023)

Between 1852 and 1870, the nann 2 NA LJ2 LJdzf F G A2y Ay ONBAttheSiRe oF N2 Y Hp
signingTe Tiritio2 F AGFy3AZ an2NR O2 YLINA AaSR I MBteld&Nedpy:"z 2 F
Zealan® . & wmMdpnnI GKAA ydzYoSNI KIFIR NBRdAdzZOSR RN} adAOlf
total population(Pool 2015)Increasing tensionbetween(i KS O2f 2y Al f A2 BSNY YSy

led to aseries of conflictshat NBadzf § SR Ay GKS F2NOSR O2yFAaOl GA2
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coupled with asisted immigration in the late 9century, led to radical changes iAotearoa New

Zealandas the land was colonised and transformed by European settlers.

Prior to colonisationMn 2 NA SEA&AGSR yR tAGSR o6& (GKSANI 2gy 3d.
GKSANI AYUSND2yySOGSR NBtFIGA2YyAaKALl 0 Sigwes ory LIS2 LI
themselvesg G I y 3l G ¢KSydzZr = GNI yat !l A y>sEhokcdseshe Fdep a K | &
O2yySOUA2Y an2NR KI ZFSIng8 (K2 ((HKER N&A i 2/NIS & di NNIE R DA SR
(land) is not considereainownable commaodity or a resource to individually benefit from. The whenua

is where wedescendrom, it Aa (GKS S&adaSyoO0S GKI { ahdauodadoNphg | € €
and is a taonga (gasure gifted from n3 n ! deitels). It & this view that describesthe intrinsic
connectonandNB & LI2yaAoAf AGe an2NR KI @S G2 LINRBGSOG GKS
mokopuna (future generationspa n 2 NA @A Sg GKSANI LX FOS Ay GKS GFA
relationship of care and recognise that the health and wellbeing of the whenua is inseparable from

the health and wellbeing of the peanl

Te Hauora o te whenua, Te Hauora o te tangata

The health of the land is equal to the health of the people.

In pre9 dzZNR LISy an2NA &2 OA Rl andpriactides), yk@na (ptOodis) (addY | NB
whakapapa (genealogy) underpinned socedanisation,and these valuesstill influence the lives,

beliefs YR | OG A 2y a ZIkangdakBanslatingto @ikekt) encompassely and how

actions are engaged avoided andprovides instructiosto help3 dzA RS an2 NA &2 OASG @ «
adaptablebut acts in alignment with kawaprotocols that remain constant. Whakapapa is what binds
an2NRA &a2O0AISYIR @ARABI@SEWNYSOG A an 2 MR muatheill thhGna NI Sy G A
(ancestors) and their mokopungdescendantsp LYy ¢S I 2 anzNRhzZ AgA (Y
intergenerational responsibility to protect whakapapa and whanaungatanga (connsctmensure

the protection of the manapfestige) of their people (Newton 2019).
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Iwi are the amalgamation of the descendants aséw members o the waka that carried their

ancestors from Hawa | Aotéa@ad | I Ldfien tebkBbed as the suivibes of an Iwi, ardinked

through kinship, connected to each other through a common anceatwt in preEuropean times,

fAGSR a | O2ftf §ktingBO292Z NAh OXY aRIDAG OXE t YRS L2t AGA
GKS 3INRdzLJA 2F SEGSYRSR FlFYAf& YSYOSNEB GKIFG F2NY
YR LR2EAGAOLIE fSIFIRSNE 2F an2NRA a20AS(fadhgaon YR SES
OSKIEFT 2F (GKS AgAI KI LireTespbngiRe far Enswying do® needs 6fah8 S| F
peopleare met Al needs were cared for collectively, and all decisions were made as a collective unit

through group discussions known as hui (Newton 2019).

2 AGK GKS OKFy3Sa AYLRaSR , 2y dispossedNiBriror lamMiPtoed K O 2 f ;
development ofBritish coloniesand the modern New Zealand society, traditionadactices and
connectiongo ancestralvhenua haven manyplacesbeen underminedind severedl 2 4§ S@SNE an 2 N
resistance and the ongoingursuit for tino rangatiratanga(selfgovernancg led to the a n 2 NJA
renaissance in the late #0centuryresulting ina NS I § SNJ NB 02 3y Aeland@afiesanT an 2 N.
contemporary New Zealand socieffheongoingadvocacy fot S wS2 an2NA O0GKS an?
Kaupapa n 2(M@asandvalues)anda n G I dzNJ y 3+ an 2 N& oopsedvdtiNiicredsgd2 6 f SR
awareness ofhe principlesoutlinedthroughTe Tiriti 0 Waitangideveloped ayreaterspace foa n 2 NJA
aspirationsin the management oftheir taonga (natural resources Article two of the English
interpretation of Te Tiriti 0 Waitangitatesa n 2 NI dex¢lus@eésand undisturbed possessiorthir
properties, whereast S ¢ANRARGA 2 2 AdlFy3A +a aAA3IYSR o0& (GKS

o Aotearoaguaranteesa n 2WNARS GAy 2 NI y Il AN GlayhRINRA2 | NRGIKZ2AAR i e
control overtheir lands andll othertreasuredthings (Waitangi Tribunal 201Baker (2019) describes

¢S CANRGA 2 2FAGFY3IA & GKS oFara F2NJ GKS NBOz23y
relation to water.Following the establishment of the Waitangi Tribunalli®75, andits increased

jurisdiction enabled by law in 198King 2023)there has been increasadcognition of the rola n 2 NJA

havein environmental management and decisioraking inAotearoa New Zealand
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andl dzZN» y3ar an2NA FyR /[ dzZf GdzNF € =+ f dzS&a |

andh dNIn®RNR KFa 0502YS I kipu\woid)NEr terdslstetfinsEnglidhd Jdzt | NJ
an2Nh WION2@HISPENE FNBY | ¢8 12 an2NR LISNELISOGA
AVERSldzZ 68 G2 Sy O2 Y LK@ a schofirly bedshadivadnYinl GdeNdzNg 43 Fa n 2 N.
a continuum of distinct knowledgéd KI & Sy O2 Y LJ a aaldes,ctire, angl cuura? NJA
practices (tikanga) andinforms onLJS NB LISOG A @Sa GKIF G SadlrofAakK anz2NJ

rights to manageuseand care fonaturalresourceqClapcott et al. 2018)

Ly ¢S IMh (d AR EevoNiag system of understanding that encompasses more than
knowledge, it is thedzy” A |j dzS f way im wh&iNd@ie observe, experience, engage and understand

what does, has, and holds the potential, texist in the worldg both the seen and unseen. To

dzy RSNAR Gl YR G KS MR8 LI mpoiaki® haveSaNasic bhderstanding thie
whakapapa ofi KS an2NA ONBFiAz2y &dd2NERo® ! &d2NE G6KAOK d

together significant eventsfdime that occurred over eons.

In the beginning there was an infinite empty void of nothingne$e Kore. In the endless nothingness
lay the seed of potential. It is this seed that contained the mauri (energy of life) that would eventually

grow through the many phases of Te Kore, tiddki ¢S t Il 0 GKS RIFENJySaav Aydz

alA 4S8 {2NBz 1A GS8 LIN= 1A dGS +2 YnNI YL

From the void, to the night, to the bright light of day

t LI dnnydzldz 6SFNIGK Y2G3KSND FyR wlky3aAaydza 6aie Tl
Fa 2y S® t I LI Gn hayedzianzcHildfeR, each of vithich/adzkegardedtas (quardiars)

connected to some form of the natural worlds the childrerof Papa and Rangi3a mtua, multiplied

andbecame restlesghe atua¢ n yh$okedthe thought ofpotential and successfullgeparaed Papa

and Rangtocreae ¢ S 1 2 anNJ YI 0 (KBysSephlsdld by2ntfany tndm@e (i yo b
Mahuta,¢ n yhd-a-rangi,¢ n yeSvanangag¢ n yfeSvaiora) to reflect his many great achievements.

He is he atua responsible faratural diversity bte taiao (the environment)for protecting the forests
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FYR AG&d OKAtRNBYI AyOftdzZRAYy3I GFy3ral g KSy dz 6 LIS
(trees/plants) and aitanga pepeke (insects). He is also creditéddoetrieval ofy” 3 n Y rS{i1SdzNJ y 3 |
(the baskets oknowledgeYy G KS Saidlof AaKYSYyld 2F GKS FANRBRUIG 6KI |

understanding the world of lighgndthe giftofa n (i I dznalhyfridkind.

Mohiotangaencompassedie pursuit of knowledge and the act siiaringknowledgeandwashighly

valued byl 1 Lddzyi R N& | LIS2LIX S gAGK2dzi | WeNAGGSYQ f | y3dz
embed and share knowledge. Whakapapa (genealogy), pepeha (tribal connedtiin®),h {  dz 6 & G 2 NA
1dzLddz 6 KI {1 F NAGS 0 al & A)ykarakia Huidagichaity, ank wajaia (sengshi® @S ND a
some of the traditional oral forms used hyn Lddpyhl2 NA G2 O2y @dSes NBOAGSE

ancestraknowledge.

t ANh{lFdz adzOK | a (4KS ONBFI{iA2Yy aiGd2NB 0620S> | NB 2
shared through generationst n NI prdovides insight into the thoughts, actionsideas, and
understandingsf our G ' LJdayidprovide a way to connect the knowledge of dum LJdaythe
experience ofmokopunaa n 2 NA ® avehd aliddeg lifelooking forwards D the past, while

walking backwards into the futur®r as stated ithe following whakataugin Ramekg2016):

YA gKF{FGNYdNNR GS KIFSNB gKI {1 Ydz

I walkbackwards into the future with my eyes fixed on my past

2 KIF{FGrdZloz 2F0Sy RSTAYSR A&k adtficd way th&thoughtand 4 8 A y 3
ideas ofil N LJdzyf Pwéde passedor®. KI I y3l S I f® 6vnmy 0 RSt @Sa& 7FdzN
to convey traditional ecological knowledge through relating stories of key ecological species, such as
kned{ n{F KAZ Gdzyll IyR 101daNY I G2 AyadNdzOdAzya dzaSR
the multilayering of linguistic knowledge, displays the interconnected relationship between people
andplace} YR aLISOAFAOIft& F2NJ an2NA>X RSaONARO6Sa (GKS R
beyond physical resources to reach into patterns of human behaviour and societal development

(Whaanga et al. 2018).
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Thesetraditional oral methodsveredzi SR 6& an2NR G2 NBOGFAY | yYR &KIF N
beliefs, and traditions through generation®ameka 2016)As described byTipa (2009) the
AAIAYATFAOIYOS 2F (KS S yapeyRey befoyidithe Ingfural résbuytés thé 2 an 2
SYGANRYYSYUl LINPYGARSaAs AU Ada OSYydNIt G2 ARSyidGAaAdec
0 n LJdyfdugh both whakapapa and cultural practices that are interconnected with social,

biophysical, spiritual, and cultural qualities of place.

Baker (2018YescribesNgn kete o te2 n y | \tidde baskets of knowledge) as a framework for
conceptualizing traditionaé n 2 hdwledge. The three kete descrihe@le Kete Tuari, Te Kete

Aronui and Te Kete Tugea, includes aspects such as theetaphysica{beyond what is observable)
physical(material world) and future (potential) possible realitiego create aY n G | dzNuny2 N
decisionmakingframework LY F2 N¥ SR 06& (KS dzyRSNEGlI yYRAY 3 | YR &N

2 48 2nyly3dl FAY&E (2 &daJBRNI AS6A Ay GKSANI NRES |

andl dzNF y3l an2NR OLKATf 23&2 LIKe& 0andtikayiga [pfadtic@gguiodsy & o A (0 F
an2NA Ay (KS regfi@@tdfuffithe Rrin@njvadeLayidprincipals de iwi andK | LA

Table Ioutlines some of th&eyvalues withirTe Aoa n 2ANAK S a n 2 NRhatin®rinwbrRi@deS & 0
actions It is expected that the many differemi, K | Land whanau acrosAotearoa New Zealand

would have their own fundamental values and priorities that guide their practices, and that the list
belowis not viewed as extensive but describes a broad range of shared vialded. an 2 NA KI @S
FALIANI GAZ2YyAa Ay NBIAFNR (G2 K2g¢ yaAn GF2y3l oy G dzNT
2L LI OYAYSNYBAYHAGSE KND2FYR y3an 2GFk24GF YS yi3an

should be managed and cared for.
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TablelKeya n 2 NA @ f dz8 &

i K¢S K 2f aid hatphRigeriRangd I y O §

VALUE DESCRIPTION
MANA WHAKAHAERE Autonomy over enhancing marand exercising rights
TE AO FROA Natural orderof time and space traditional concept of

MANA MOTUHAKE

TAONGA TOKU IHO

WHANAUNGATANGA

MANAAKITANGA

KOTAHITANGA

RANGATIRATANGA

MOHIOTANGA

M' RAMATANGA

KAITIAKITANGA

ATUATANGA

MAURI

MANA

sustainability.

The inherent birthright tanana through selfietermination
Protection of ancestrahonga

Connectionskhysical and metaphysical.
Givingandsharing carethe actof enhancing mana

Unity, as opposed to uniformityCollective action towardshared

goals

Selfgovernanc€ T an2 NA 0ée anz2NA
The pursuit of knowledge.
Enlightenment through learningnd applying

The responsibility to both ouf n LJéndnokopunato protect te

taiao (environment).
Knowing and respecting the realmshign Atua
Inherited life forceg energystate, health and vitality

Spiritual strengthcapability authority.

Iwi environmental management plans have been developed adossaroa New Zealant affirm

environmental goals and valuesgardingthe management ofvhenua and waiOver the past few

decades Iwi anK | LJave authored hundreds of management plansfEN024) to express the

concerns and aspirations regarditige management of natural resources in their rohe (region

Although each individual plan serves various functions, identifying corynstyvaredor overarching

valueso SG 6SSy

Lo Ak KL LI fadlitatéd callé&ctvEufiderstadding yadd usability of

concepts andalsoprovidesa link to connecting n 2 NA  a@d-séietuBiciattributes
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Development of Cultural Monitoring Frameworks

Cultural monitoringassessmentiave been developed to suppaat n 2 iNN&chievng kaitiakitanga-

the inherited responsibilityf tangata whenua to nurture and protect the mauri withie Ao (the

natural world) te whenua(the land) te ngahere(forest), and wai (water) ¥ 2 NJ Y 2 | 2 LJdzy | an
(descendants)The continued declinef freshwater ecosystems iiotearoa New Zealantiroughout

the past few decaddsashighlighted the needor the development otultural monitoring frameworks

to assess the effectiveness of resource management frdmAn a n 2 gedpective

These efforts have sought tevelop a) monitoring methodsi K+ & I N Ay RAOF GA @S 2
around waip)tools to measure progregmn i 2 ¢ F NRa 3I2Ff & | YR | &)kdpddit G A2y &
a n 2tblJeconnect withancestralwhenua. To enable thig n 2 NA  Odzf G dzNJF f KSIF € 6K |
been developed iad adapted to creatalternativeapproactesto assessing stream healfiipa and

Tierney 2003, 2006)

Westernscienceas a discipline is naturally Eurocentric in origin, but what is often overloigkibhgt
it is also intrinsically Eurocentric in its philosophical understanding and interpretation. Naturally then,
the intentions, methods and analysis are implemented from the same perspective. What we know,

how we know, and how we understand is highiffuenced by the environment in which we grow.

Monitoring approaches using scientific methods typicalintify, measureand report onindividual

aspects of "stream healthThis conventional approadb compartmentalse natural functions often

contrasts with cultural health assessments, whiomsider a more holistic approach seream health

and recognise that the combined is greater than the sum of the individual compsf{guren and Lee

2014) Cultural assessments are steepedritergenerational experiencenformed through cultural
methodologiesand perspectivesAlthough it is often argued that cultural approaches amere

subjective than Western science assessmentst is important to emphasis the differing
epistemologiesindoften intentionsbetweenapproaches anceiterateY n G | dzlh FHR Y2y A {2 NR

tools have benefits beyond those determinedr understoodby Western science or philosophy.
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Quitural monitoringconsidesthe intergenerational experience of differenti andK | lwiith regards

to a particular waterwaythus placing it in a broader bioculturebntext (Lyver et al. 2019vhilst
simultaneouslyproviding space forthe human experience andnetaphysicalelementsof natural
resources and functionswhich are generally excluded by more objective measures.Just as
conventionalWestern sciencemeasures aranformed byWestern epistemologiesa n 2 éWhkural
YSIFadz2NBa I NB Ay T2 NYBhRvalaeof theervironzieht fyomdan pedoetlive

extends beyond the ecological and intrinsic, and into the societal values of pgyehele, and
communities, including the existential values of identity formation and relationship to néBaker
2018).Cultural Health indices encompass a suite of indicators to assess environmental state or change
fromaTe! 2 a pe2spdttive anccan be used in the same way as scientific indicatorsetter
understand envbnmental healthand set benchmarks (Baker 201&).n G | dzNJ y 3 | anz2NRA
dependent on its value tWesternscienced dziT NI G KSNJ A G & @I f dzZSWiieg an 2 NR
conventional and cultural approachtsfreshwater managemerdrecombinedthe result isbroader,

more indepth streamassessmentthat can lead to improved decision making.
bn dulbdzNJbn GF1dz NRdzNRBdzZ {11 2N} A (G2 LgA
With you food basket, and my food basket, the people will thrive.

The Cultural Health Index

The Cultural Health Index (CHI) was createdipgt and Teirneg2003,2006)to monitor stream health
using values significato a n 2 Ni& CHI was developed frahe Taieri Indicator Project, a case study
that arose from theEnvironmental Performance Indicator (EPRpgramme established by the
Ministry for the Environmentin 1996 The EPI programme aiméal develop and use indicatore t
measure andeport onthe environment(Jollands and Harmsworth 200and allow assessment of the
effectiveness of keyravironmental legislation and policy (Tipa and Tierney 2006 first cultural
health assessment occurred thre Taieri and Kakanui Rivéns1997by OtakouandMoeraki Runanga

andwas later refined and used to assess the Hakatere (Ashburton) and Tukituki Rivers by Arowhenua
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FYR b3aIndA YI Kdzy(HpdegndzIeiré$20068n0dithed €Il &issessments have been
developed and uselly a reported 12 of 16 regions across Aotearoa New Zedtaadsess a range of
rivers and streamgRainforth and Harmsworth 2019Cultural health assessmentare also being
developed and usetbr the assessment avetlands Harmsworth 2002Robb 2014)Lakes Klughey

et.al 2013)andmarine environmens (Hepburnet al. 2013.

Harmsworth et al(2011)reports the results of CHI monitoring carried out in tetueka and Riwaka
catchmentsby members of theig iwi (Ngiti Rarua, Napti Tama, Té ti Awa, Naiti Koata, Ngti Apa,

and Ngti Kuig that hold mana whenua status over thee awa. Farquhar (2012) compared
relationships between CHI assessments and assessments of stream habitat quality at two sites in the
Whanganui River catchment. More recently, Suren and Lee (2014) rapsrttits from CHI stream

monitoring in the Bay of Plentyohe of Tuhourany | YR b3IndGA 2 KF {1+ dzS 6K2 6KI

waka.

The first iteration of the CHI as conceived by Tipa and Tierney (2003, 2006) comprises of three
components:

1. The site status component assesses the significance of the site to tangata whenua by assigning
Al G2 2yS 2F F2dz2NJ OfFaasSa GKFG RSLISYR 2y GKS
whenua would return to the site ithe future.

2. A mahinga kaitdonga kai speci@g€omponent- recognigsthat mauri is tangibly represented
by the physical characteristics of freshwater including vitsllbeing cultural usage and
productive capacity.

3. The cultural stream health measure (CSHM), based on assessing indesigirahmental
attributes asindicatorsof stream health This is regarded as an objective and accurate reflection
of tangata whenua evaluations of overall stream health (Tipa and Tierney 2006). The number of

individual CSHM indicators used vartBsoughout different studies using the basic cultural
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monitoring framework of the CHI, since the CSidMdaptableo reflect local conditions and

cultural values.

The application of the CHI has generally gravitated towards the CSHM, with different individual
indicators being used depending on the location and cultural valuésitf | Liging it Tipa and
Tierney 2006Suren and Lee 2014.version of theCSHMusing five indicatorsvas highly correlated

with several Western scientific measures of stream health including thacroinvertebrate
Community IndeXMC), and the communittbasedStream Health Monitoring and Assessment Kit
(SHMAK) assessments that gave bbtibitat and invertebrate scores (Tipa and Tierney 2003).
Harmsworth et al. (201Xompared resultérom the CHI andNVesternscientific approaches at 25 sites

in the Motueka and Riwakeatchments. Both approaches suggested a decrease in stream health in
response to increased pressures of upstream {as€. The results from the two approachesgere
correlated,suggestinghat culturalindicators could be used in a similar manner as scientific indicators.
However, with the naturalequirementof the CHI to reflecthe culturalvaluesand aspiration®f the

mana whenua of the locatignthere remains a need for further researdl cultural monitoring

frameworks for different regions ofAotearoa New Zealand

Other cultural monitoring approaches have been developedAdtearoa New ZealandBelow

additional cultural monitoring frameworks alwiefly described

The Mauri Compass

The Mauri Compass wakeveloped by Te Runanga o Turanganui a Kiwa and the GisD@inet
Council and is being used inResource Management AcRMA context for wastewater and
stormwatermanagement in the Tairawhiti regigBenson et al. 2020 was also used by Te Aitanga

a Mahaki to compar¢he mauri of the Waipaoa River Catchment in 2008 and 2018

¢CKS al dzZNA /2YLI aa 02 Yo AwWesensciencéd indizhtdrsfiddreataapvisiaih ¢ A (|
O2YLJ) aa F20dzaSR 2y GKNBS 1SGSY cdygitaRdolihat coveksS y dzl =
twelve aspects within the three kete to hemswer questionabout ecosystem healtimportant to
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A6 A | YRRinfErth hakl Harmsworth 2019heresults are presenteds avisual compast assist
whanau,K | Lidi and resource managers to assess the impact of factors on the mauri of their land

and waters.

2FA hNIX 2FA anz2NA

Wai Ora Wai Mori is akaupapabased assessment tool detoed by (Awatere et al. 2017)It was
designedo enable water quality to be measured through determining the state of attributes that fall

within three main domains

1. Taha Kikokika the biophysical aspect represents mahinga kai and taonga species. i.e. are
species like kaaed | n 1} turfa Rndamanga safe to consume, and is the whakapapa of those
species healthy.

2. Taha Whanag the social aspect signifies wéling of the community through the availability
to support both mana whenua, and manuhiri, and if mana whenua are able to exercise
kaitiakitanga and follow tikanga.

3. Taha Wairug the metaphysical encompasses the Mauri of the ecosystem and the condition of

the wai taniwha/tipua/kaitiaki.

Assessments for each attribute are given on a stawed system similar to the CHI, where Taha
YA121A12 FYR ¢l KIF 2KIFyldz FNS RSGSN¥YAYSR a 1S T
' L22NJ 6mM0X ' KdzZl LI A T 2 Elexkellent(4). Taha Wairualis scBrdd2aR 6 0 0
Mauri noho = dormant (1), Mauri oho = improving (2), Mauri piki = expanding (3) and Mauri ora =

flourishing (4)

The scoring system used the same scale to be consistent with the attribute bands (A, B, C, D) outlined

in the National Objectives Framework of tNetional Policy Statement for Freshwater Management

(NPSFM 2020). This means it can be used to set limits in Freshwater Management Units (FMU) and

help support the implementation of the Te Mana o Te Wai principle in theMWP£020). Th&Vai

hNI 2FA an2NRX TN YS g-Basddversicn artd @d-axigital adp Hith la supportingd: LIS NJ
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database (Rainforth and Harmsworth 2019 his functionality enableswi, K I LJvhanau to
participate and be involved in the planning and decision making regarding how freshwater is managed

in AotearoaNew Zealand.

Harmsworthand Rainfort2019) summarisea total ofthirteen kaupapaa n 2nméhitoring todsused
for assessingnvironmentsanddescribein depth thejourney ofdevelopingenvironmentalindicators
thatF NB Ay T2 NYSR (KNP dz3 K ach to ehdbmpasthdimdtapBy¥ieal lmmlS & | Yy R

social,andecolodcalaspectsof natural resources.

LegislationGuiding Freshwater Management

Resource Management Act 1991

The Resource Management Act 1991 (RMA) isftimelamental legislation guiding how natural
resources, such as air, soil, coastal, and freshwaters are managetesroa New Zealandhe RMA
1991 outlines the key purpose and principles of the legislation for the use and management of the

environment. The main purpose of the RMA is outlined in Part 2 Section 5:

G2 LINRPY23GS adzadlFAylrotS YFyFr3aSyYSyid 27F vy (dzNT f
minerals) to meet the foreseeable needs of future generations, to safeguard the
life supporting capacity of air, water, soil and ecosystems; and to promote avoiding,

NEYSReAYy3IZ 2N YAGAIFHGAY3I yéd FROSNAS STFTSOGa

Part 2 Section 8 of the RMI®91 states that all persons exercising functions and powers under the

act must take into account the principles D& Tiriti oWaitangi. As outlined by the Ministry for the
Environment{MfE 2022), futurdegislationwill LIN2 @A RS 3ANBI 4§ SNI NBEO23IyAlGAzy
an U dzNJ y,8nd states thaddll persons exercising powers or functions under these acts will be
required to give effect to the principlesf de Tiritio Waitangi.Section 6outlines the relationship

68G688y an2NR FyR GKSANI FyOSAGNI € tFyRE F&a b YE(
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GLY FFOKAS@GAY3a GKS Llz2N1}2asS 2F (GKAa ! OG> &t L
under the RMA, in relation to managing the use, development and protection of
YIGdzZNF £ NBaz2dzNOSaz aKFff NBO23IyAA&S YR LINRJAF
their cuture and traditions with their ancestral lands, water, sites, waabhi tapu and

2GKSNI GF2y3léad

The RMA is the key piece of legislation for regulation of freshwater in Aotearoa New Zealand, its
overarching goal is to promote the sustainable management of natural and physical resources (Baker
2019).Local and regional councils are responsible for implementing the iRti& management of
natural resourcesand must takeig A YR KI LI Y iyitd EoBsi&afignin e I y &

formulation of districtandregional plans and policy statements.

National Policy Statement for Freshwater Management 2020

The National Policy Statement for Freshwater Management 2020-FNBB the guiding document
for managing freshwaters iAotearoa New Zealand’he NP&M sets out the objectives and policies
for freshwater management undéhe RMA.Oneintent of the NPS-M is to provide local authorities
(councils hereafterith updated direction on how they should manage freshwater under the RMA,
and thus meet their statutory obligationshe NP$-M has created thBlational Objectives Framework
(NOF)to help councils set environmental outcomes for identified values and include them as
objectives in regional planning. The Ni@guirescouncils toidentify attributes forfreshwatervalues
anddeterminebaseline statesppropriate forthose attributes thus enablingarget attribute states
(TAS}o supportdesiredenvironmental outcomeslimit setting, and actiomtervention plans where
requiredto achieve the TASAn important aspect of the NAM is thattangata whenua and local

communities must be consulted and engaged with at each step of the NOF process

A key component ofite NPSM are the identifiedattributes for ecosystem and human healtat
need to bemonitored throughout each regiofi 2 YSSG GKS O02dzy OAf Qarhe26f A 3| |

freshwaters attributesidentified by the NPEM include twenty-one water quality, habitat, and
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biological indicators. Councils must identify baseline and target attribute states (TAS), and if the
baseline state is below the National Bottom Line (NBL) for that attribute as set in thRENI|RBen

the target state must be at or above the bottom lidother aspect of the NPEM is the concepof

freshwater management units (FMU), which represent smaller spatial scales than those previously
monitored atallowing for variation from place to placéhe NP$M requires councils to now assess

the state of waterways representative of individual FMUs, as opposed to their regidms

requirement idikely togreatly increase the size of council monitoring prograRecent changes now

require councils to establish methods for monitoring progress towards achieving TAS and
SYG@ANRYYSyYy(lf 2dzi02YSa 6KAOK Ydzad AyOfdzZRS YSI ac

indigenous flora and fauna in their monitoring plans

Te Mana o Te Wai

Te Mana o Té&Vai (the mana of water) was included asfundamental concept in the NFSVI to

recognise the importance @fater to sustaining lifeand protecting the health of freshwater enhances

the integrity of the wider ecosystenthe updatedNPSFM (2020 haselevated Te Mana @e Wai as

the foremost fundamental concept that will determine hadvwtearoa New Zeala®ifreshwates are

to be managedTe Mana ole Wai imposes a hierarchy of obligations prioritigimg health and well

being of waterbodies and freshwater ecomyms first, then followed bysocietal needsuchas the

provision ofdrinking waterfor human health and welbeing.The third priority recogniseghe ability

of people andcommunities to provide for their sociabconomic,and culturalwell-being. In the

KASNI NOK& 2F 26t A3l (A2 Y acatchi®rdsiTe Tue Whadmardafdo & Ada A | + § z
0 Waikato(The Visiorand Strategy for the Waikato Riyelevelopedrom the Waikato Tainui Raupatu

treaty settlement is intended toprevail over any inconsister@swith the NPS-M.

Key concepts ife Manao Te Waiinclude mana whakahaergkaitiakitanga and manakitanga(Table
1). Mana whakahaergefers to the of actioning of responsibilities amngata whenua to make

decisions that maintairprotect, andsustain the health and welleing of(and their relationship with
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freshwater (WRC 202X aitiakitangarecognises théntrinsic obligationto managetaongain a way
that preserves, restores, and protectatural resource$o ensurethey can sustain future generations.
This value encompasstte ideology othe health and wellbeing of the IMaieing directly connected
to the health and wellbeing of theenvironment. Manaakitangaencompassegeciprocity and
recogniseshat mana is upheld bgicknowledgingnd uplifting the mana of others (Baker 201Bxch
conceptin essentiato protectand enhanced manao te wai (the life sustaining vitalityf the water)
These dfinitions however must be considered as guidelines as prinsipbd as Kaitiakitanga and
Manaakitangay dza & 0 S RS (G SNXN A y S & the deptli & hes&dorlc#ptsd: folilin L & A
G§KS LN} OGAOSa& Iy Rhenta UfE, 2023) A chrietendt &f TerMayfalo te Wai is the
essential role hap and Iwi hold in determining whathis concept means for thenCouncilsare
expectedunder the NPE-Mto action thefive key requirements of Te Manale Waiwhen developing
regional planswhich includes applyinthe hierarchy of obligationsand implementing the National

ObjectivesFramework.

State of EnvironmentFreshwater Ecosystem Heal& Biomonitoring

As required under the RMAta®e of the Environment(SOEmonitoring occurs acros&otearoa New
Zealando record and track the current and historical state of freshwateieu$ory obligations under
the RMA and NRBM compel egional councils to assess the ecological state of waterways and

monitor trends over time. Under Section 35 of tR#A regionalcouncils have

Gl Rdzieé (2 Y2yAG2N G6KS &adrdisS 2F (GKS ¢gK2fS 2|
extent that is appropriate to enable the local authority to gather information,
monitor and keep records of any necessary information requiregffeectively carry

2dzi GKSANI Fdzy OliA2ya dzy RSNJ 4KS | Ol ¢

SOE mnitoring isgenerallycarried out by regionatouncilswho are responsible for recording and

reporting on the healttof freshwater ecosystems so to reduce pollution, proteetnan health and
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conservenative biodiversitylUnder section 33 local authoidis can also elect to transfer any one or

more of its functions, powers, or duties ueidthe RMAto another public authority.

baIn KFLIN 2 baIndA ¢nogKFENBG2F NBfSIFaSR GKSANI FAN
2dz0f AYAYy3 GKSANI FALIANIGAZ2Y A (2 &oenBkingpodBStdiSR Ay
AYLI OGa 2y Gr2y3rs FyR G2 FTOGA@®Ste LINRPGISOG GF 2y:=
CNngKEFENBG2F YR 2FA1lIG2 wS3IA2yLFf /[ 2dzy OA tourddi A f A & SF
iwi collaborationto successfullyransferSOEnonitoring responsibilitied the Laket | ddalthment

¢tKS GSN)XY wSO2aeadSYy KSIfGKQ Aa O2yYyYzyfeée dzaSR Ay
the state of a system relative to a desired management target or reference condito2. NA Sy S
2016) Other definitions emphasize the integration of ecologiealpnomic,and cultural processes

and measures of sustainability and system resilience. Encompassing all these att((bostanza and

Mageau 1999)lefine a healthy ecosystem as one that is sustainable in that it can maintain its structure
(organsation) and function (vigour) over time in the face of external stress (resilience). Despite the
0SNY wSO2aeaidsSYy KSItGKQ 0SAy3 dzaSR 6ARSt& aayos
a healthy ecosystem is an ongoing priority for governtagcouncils, scientists, and stakeholders in

Aotearoa New Zealanahd globally.

Thehealth of freshwateecosystemsare determinedusing a range of scientific measures. Freshwater
measures irAotearoa New Zealangiave historically beedevelopedin response to the arising need

to understand the physical statend healthof freshwater tomanageanthropogenidmpacts.These
measuremens have typically focused on water quality, either through direct measurements of
physical attributes or biological indicators that integrate responses over time. Water quality
assessments are used to measuree tphysical chemical construction of freshwater through
monitoring variables such as dissolved oxygen, electrical conductivity of water, nutrients (phosphorus
and nitrogen), turbidity, visual clarity, and water temperature at the time of sampling. Thesbles

provide an understanding of the physical condition of the water and its suitability for supporting
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human and freshwater communitieBissolved oxygen is required for respiration of aquatic life and
can bedepletedthrough the decomposition of organic matter. Increases in organic mattstreams
and riversthrough point source pollution or excessive plant growtdduces theavailability of
dissolved oxygerSeveral attributes in the NFS9M are direct measures of water quality, including

nitrate-nitrogen, ammoniacal nitrogen, dissolved reactive phosphorus, and suspended sediment

Biological monitoring (biomonitoring) methodse used by scientists and research&rsletermine
freshwater ecosystem health and quality Aotearoa New Zealandnd globally.With limited
monitoring budgets and a need for meaningful ecological datambnitoring in Aotearoa New
Zealanchas evolved over time, but for streams and rivers has strongly focused on structural indicators
such as benthic macroinvertebrate and freshwater fish communities. Theseenotional
biomonitoring methodgenerally focus othe biological structure of freshwater ecosystems, such as
understanding the ecological condition and responses of organisms inhabitindreklewater
ecosystem.Macroinvertebrates are particularly important for biomonitoring Aotearoa New
Zealamn, and national standards have been developed to minimise variation with collecting and
processing invertebrate sampl@dEMS 2022 hree macroinvertebrate attributes the NPS-Mare
required to assess ecosystem healthAiotearoa New Zealandhe Macroinvertebrate Community

Index (MCI), its quantitative variant (QMCI), and the Average Score Per Metric (ASPM).

The MCI and the quantitative variant QMCI (which includes relative abundance of macroinvertebrates
in its calculation) have been the most commonly used measures of ecological stream health in
Aotearoa New Zealan@Stark 1985) Originally developedrdm hardbottomed streams on the
Taranaki ring plai(Stark 198pandextended using sofbottomed streams from the Auckland region
(Stark and Maxted 2007ahe MCI indices established taxapecific tolerance values which indicate
sensitivity toenvironmentalstressors such ashanges in temperatur@rganic pollution and nutrient
enrichment (Stark 1985)In the MCI, the overall score is determined using the average tolerance
values of all taxa at a site multiplied byenty. The tolerance values were allocated to each taxon

based on their relative percentage occurrence at sites that differed in water quality gtk and
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Maxted 200D). The MCI indices can be used to determine changes in ecosystem;statgnally
intended to be nutrient enrichment and organic pollution, but more broadly reflecting changes in

other factors including increases in temperature, light, sediment, and chdandpebitat conditions.

Since the initial development of the MCI in 1985, other bioindicators have been developed such as the
Average Score Per Metric (ASPM) ind€xllier 2008) The ASPM index is calculated using the
normalized MCI, %EPT abundance, and EPT richness indices. EPT is the abbreviation for
macroinvertebrate orders Ephemeroptera (mayflies), Plecoptera (stoneflies) and Trichoptera
(caddisflies). EPT represstihe orders of benthic invertebrates that are generally more sensitive to

river and stream degradation, and asich, generally show a decline when freshwater ecosystem
health is degraded.fe current macroinvertebrate indices usedAntearoa New Zealandave been

shown to be effective at detecting stream degradati@iark 1985, Collier et al. 1998, Collier 2008)

As a consequence, they are effective indicatorssinéam ecosystemhealth, and with ongoing
monitoring ofmacroinvertebratecommunities, can also be used to indicate changes in water quality

over time.

More recently, there has been a greater recognition of ecosystem processes and moves to incorporate
these in biomonitoring.Consequetly, functional indicators have been developed for freshwater
biomonitoring that provide a greater understanding of ecosystem processes such as stream
metabolism, organic matter decomposition, and primary production. Functional indicators support
structural measures through providing a more holistic understandirggo$ystem healtliTiegs et al.

2013) They enable managers to assess the activity of freshwater organisms including microbes
(bacteria, fungi) and how environmental factors affected by natural and human pressures impact
emergent properties at the ecosystem leg¥bung et al. 2008)nthis research used the cotton strip

assay (CSA) as a functional indicator of decomposition, which has been shown to be sensitive to human
impacts in streams at a global scdlEegs et al. 2024)The CSA has been identified as a nhext

generation biomonitoringool because it is a simple, inexpensive, and highly standardised approach
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(and therefore could also be used by citizen science networks) to measure a fundamental ecosystem

process that is comparable at any sc@lackson et al. 2016)

Another nextgeneration biomonitoring tool that has emerged over the past decadavsonmental
DNA, or eDNA as it is more commonly knd®@avid et al. 2021)An eDNA metabarcoding approach
relies on coupling DNA barcoding with hidinoughput sequencing platforms (NGS) for mafiecies
identification.eDNA can be filtered from water, and thegapidly becoming an integral biomonitoring
tool for better understanding freshwatdsiodiversity(Pawlowski et al. 2021Yhe approach relies on
amplifying seqances from filtered intracellular and extracellular DNA present in the water column
and matching them with sequenchbraries. Assessing ecosystems using metabarcoded eDNA
promises to advance our assessments of ecosystenitthdmyond binary outcomegsuch as
impactedunimpacted and move towards more diagnostic frameworks able to identify sources of
impairment. eDNAalso provides a relatively easy approach to determining the presencthef
organisms (e.g., fish) that have important ecological and alltualues (e.g. mahinga kai species).
Recently here has beeran increasein researchusing eDNAfor assessingpecies distribution,
including its use in detecting nendigenous specie® support existing biosecurity systems. In Von
Ammon et al.(2023, S5b! g+ a dzaSR Ay (GKNBS ' 2GSI NI bSsg
2 KFy3anNBA FyR tT# K Id risNelybibgeographiéal patErneirdrtirdigeRaus)

species

In this research usedthe Qultural Health Index assessmeffitamework(Tipa and Tiernef003; 2006)
Ft2y3aARS + Odzf GdzNI £ F243a54aYSy toaRALEBral hadlff 68 b 3Ir
Kuratau RiverCurrently there is no provision in the NH3/ for cultural health monitoringhowever

there is guidance for local authorities such as regional councils to work collaboratively with local Iwi

and hamandi 2 Syl o6ftS Ynidl dzZNF y3lF Ay T iddtSrRsubjgcivfyholl 2 NA y 3
culturalhealth indicators and the challenges with standardising cultural monitoring at a national scale

is often discussed as an ongoing challenge with inteiipgeaind implementingultural assessments

There is a need foalternative monitoringmeasureés K & I NB | GddzyS 6A0GK (GKS @I
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appropriate for the freshwater ecosystems they would like to moniBemonstrating thatcultural
health monitoring measures are complementary to conventiondstern indicatorsin assessing
stream healthand are rot intended to matchor replicate conventional assessmentgves further
I 3Sy o0& (2 domdrned witRnorfitdringrihehealth of theenvironment This would have
variouspositive effects orboth te taiao and hap through theability to practise kaitiakitanga and
mana whakahaere. It couldsm improve freshwater management at a regional scalexplicitly

NETfSOGAY3T GKS @I fdzSa 27F an 2 MRk scdpg of askedsmens ard | f

increasing understanding of the complex interactions between people and.place

Study Objectives and Hypotheses

One aim of this research was¢ombine cultural health monitoring measures with more conventional
Western sciencebasedmeasures toassess changes in stream ecosystem heddténtifying how
structural and functional indicators could b®onnected with cultural indicators for monitoring
freshwater would provide a template for future environmentassessments andhielp further
demonstrate theknowledgethat cultural indicators can suppliywanted to compare the performance
of the various monitoringapproachesselected inassessing stream ecosystem health in the Kuratau

WAGBSNI OF GOKYSYyds I GNROodzil NBE 2F [F18 ¢F dzLdl o

The Kuratau catchment hasrange of diversi&and uses includinijative and Exotic plantationRinus
radiata) forests, pastoralagriculture and containsa large hydroelectrical scheme (Lake Kuratau) that
affectsthe longitudinal connectivity of the river network. These human activities have been shown to
have impacts on ecosystem health in other studi@an 2004) Therefore, | made the following

hypotheses:

1. Streams impacted by upstream agricultural land uses would have lower values (i.e., more
degraded) for indicators of ecosystem health than streams with catchments dominated by

native forest(Quinn et al. 1997)
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Cultural health indicators would bmonsistentwith conventional bioindicators in diagnosing
land use impacts. For example, low scores for cultural indicators would be matched with low
scores for other indicators such as the MUpa and Teirney 2@).

Cultural health indicators would not be strongly correlated with conventional bioindicators
because each approacheflects two different knowledge systems and perspectives

(Harmsworth et al. 2011)
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Chapter 2¢ Sudy Area

This research occurred in the rohemE tMAS KIF NBA 2Kl LI 2 b3IndA tIFNBlF &I
Puukawa, Puketap@andb 3 n G A | iktye&Xdtdtad River catchmeat G NA 6 dzi F N2 2F [ |
(Figure 1). The headwaters of Kuratau River are located in Pureora Forest Park and flows eastwards
through Waituhi Kuratau Reserve. The river consists of two main branches, Mangaongoki Stream and
Kuratau River, supported by masignificant tributaries in the fluvial network. The two branches join
justpriortoLaks Y dzNJ G F dzZ dzLJA G NBFY 2F (i K SheNInh&NDiltypeEA y | £ F
within the Kuratau River catchment are orthic podzols (2®¥ihic pumice soils (26%), and orthic
allophanic soils (12%% (- dZDdll 2011)In total, the KuratatRiver catchment covers 198 kif¢ | dzLJl

DC 2015)As of 2011, land cover within the catchment consisted of around 30% pasture, 4% exotic
forest, and around 38% native shrub or forestl{ d2D@ 2011). This mix of land cover provided an
opportunity to monitor changes in the rivat alocal scale as it traversed through different dominant

land useandcompare these changes with upstream land usealso investigat¢he changes darger

spatial scales (Figure 2, TaB)e

A major anthropogenic feature in the Kuratau River catchment is the Kuratau power station. This
hydroelectric scheme is owned by King Country Energy and operated by Manawa Energy. The dam
was commissioned in 1962 and has an annual output of 28 GWh. Theelbikd has a boat ramp and

offers opportunities for recreation including trout fishing.

Initially, fifteen sites along the reach of Kuratau River were selected for sampling. This included two
sites currently monitored for State of Environment (SOE) monitoring, a site below the hydro lake, and
four sites each per dominant land use type whidéntified as pasture, pine forestry and native shrub

or bush. However, due to issues with site access or a lack of wadable habitat, ten sites were selected

for this research (Figure 2, Talde
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Upstream land uses at each site were determined from the hierarchical River Environment
Classification (REC). TR&ECis a valuable toolfor riverine habitat classification in New Zealand

(Snelder and Biggs 200&)d describes a range of factors influencing water quality (e.g., land cover,

climate, topographyand geology). It is widely used for understanding water quality patterns in New
ZealandLarned et al. 2009)ut is not without limitationgSnelder et al. 2004The REC indicated that

the dominant land cover for five sites was indigenous forest, whereas the other five sites were
dominated by pastoral land uses (TaB)e

Kuratau Rivecatchmentg | & a4 St SOGSR FT2NJ §KA&a NBaSHNOK RdzS i
location relativetat | dzhdbnad [ 1S ¢ F dzLI 0 FyR LX I OS SgAGKAY GKS |
River is part oftemdpcpn  F ANBSYSy i 06SG6SSy GKS / NRgy |FyR (fF
meaning that the title to a major part of the riverbed has now transferred from the Crown back to

bandA ¢ngKINBG2 ENuka-KdNadageheni Bo&d ¢ | dzLJI

@mori

Pukawa

Figure2 Aerial photo of the Kuratau River catchment showing study sites (Babled the mixed landises of the
catchment. The main stream channels are indicated by the blue line, study sites with the orange markers.
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Table2 Site characteristics of the 10 reaches sampled in the Kuratau River catchment fessdasch REC, River
Environment Classificatio®elder and Biggs 2002

Site Stream/River Soil Type Locally Dominant Land  REC Upstream Land
# Use Cover
Native Podocarp
1 Kuratau River  AcidRbric OrganicSoils Hardwood Forest & Indigenous Forest
Srub)
Tributary e e Native Podocarp .
2 - Acid fibric organi&ils Hardwood Forest & Indigenous Forest
WaituhiKuratau
Srub)
3 Mangaongdi PodzollcOrt_h|c Pumice Pasturg Low & High Indigenous Forest
Stream soils Intensity Pasture)
4 Te Roto Stream Humose Orthic Podzol: Pine E?(Otlc Foresg Indigenous Forest
Native Srub)
5 Kuratau River  Humose Orthic Podzol: Native glrﬁ%? Native Indigenous Forest

PodzolidOrthic Pumice Mixed Pasture Mixed

6 KuratauRiver ) Native Srub, & Peri Pasture
Soils
Urban)
Tributary of TypicOrthic Pumice . .
7 Kuratau River Dils Pasture Kighlntensity) Pasture
. TypicOrthic Pumice Pasture LowlIntensity &
8 Kuratau River Sils Native Scrub) Pasture
. : . Mixed Low & High
9 Kuratau River PodzollcOrt.h|c el Intensity Pasture & Mixed Pasture
Soils .
Native Scrub)
Tributary of Podzolidrthic Pumice Pine (Exo.tlchrest,.
10 . . Pasture & Mixed Native Pasture
Kuratau River Soils Serub)

The Kuratau River has been monitored monthly as part of Waikato Regihalzy’ CSate Qf3
Environment (SOBEyater quality monitoring programmevhich began in 1991The upper reach is
monitored where the river crosses und&H41, and the lower reach is monitored close to the river
mouth in the settlement of OmoriY dzNJ G I dz 6 S a A RsSpreyidus| réseafch fizt Bhown
increases in nutrients such as nitrogen and phosphorous negatively impact lake water quality,
increases in nutrient loads enterifigl { S  wia-indidwihg streams and rivers is closely monitored.
Tenyear trend data for Kuratau river measured between 2002 and 2011 shiowetalhitrogen (TN)

concentrations had increased at a rateohange of 2.8%er year(Vant 2013).

Table3 detailsthe water quality monitoring data collected frothe upper and lower monitoring sites
on the Kuratau River in 2021and 5year median value$or fourteen variablescollected monthly

between 20172021.
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Table3. Stateof Environment sampling data on 14 water quality variables from monthly sampling of upper Kuratau river
near Moerangi, and lower Kuratau river at Te Rae St, Omori in 28&hr5nedian values for each site fr&@17-2021
included (Salu 2023No black disc measurements are collected from Te Rae St site.

Water quality variable Site Mean Median Min Max 5—y(_aar
median
Upper 3.4 3.8 1.7 4.9 2.8
Black Disc (m)
Lower = = = = =
Escherichia coli Upper 51 48 9 120 19
(CFU100 mL) Lower 101 100 22 250 70
Conductivity (ms/m) Upper 4.2 4.2 3.4 5.1 4.2
Lower 7.6 6.9 54 11.9 6.8
_ Upper 93 93 88 96 94
Dissolved oxyge(?o)
Lower 97 100 73 104 99
(g ) Lower 9.7 9.9 7.1 11.0 9.9
Phosphorus (g i) Lower 0.006 0.002 0.002  0.002 0.004
Total Phosphorus Upper  0.007 0.006 0.002  0.011 0.005
(g ) Lower 0.016 0015 0.011  0.032 0.013
Ammoniacal Upper  0.005 0.005 0.005  0.005 0.005
Nitrogen @ nt) Lower 0.007 0.005 0.005 0.015 0.005
_ N Upper ~ 0.08  0.08  0.07 0.12 0.16
Nitrate/Nitrite (g n°)
Lower 0.62 0.60 0.31 1.12 0.63
Total Kjeldahl Upper 0.06 0.06 0.03 0.14 0.08
nitrogen (g n) Lower 0.11 0.10 0.07 0.15 0.13
_ Upper 0.14 0.14 0.09 0.21 0.26
TotalNitrogen (g n®)
Lower 0.73 0.67 0.44 1.22 0.79
Upper 2.0 1.8 1.1 3.4 1.7
Turbidity (NTU)
Lower 1.2 1.0 0.6 3.5 1.3
y Upper 6.9 7.0 6.5 7.2 7.1
p
Lower 7.3 7.3 6.7 7.7 7.4
Upper 10.5 10.8 7.3 14.1 9.9
Temperature(@Q)
Lower 14.0 13.8 8.4 21.0 12.8

42



Results of Byear average values for the Kuratau River in 2021 showed that dissolved oxygen (mean =
9.6 g3, median = 9.7 grf), DRP (0.008n73, 0.006 gr¥), ammonia (0.005nT3, 0.007 gr¥) and
nitrate-nitrite (0.08gn3, 0.62 gn?) all returned values within the NFEB 2020 attribute Band A for

each variable.

2 A1 F G2 wS3A 2yddr Watel opality t@ids i the Waikato region report detaileeii
slopes (% per year) arsdbope direction probabilities (%) for monthly records of fladjusted water
quality variablesrom 1991¢ 2020 (Vant 2021)This report determined there was an important
deterioration in total nitrogen (TN) in most parts of the Waikato region over the past 30 years,
including Kuratau River. At the upper Kuratau river site there wampartant deterioration in total
nitrogen with the rate of change olerved being 2.5% per year, which is well above the regional
median trend slope for TN of 1.4% per year. There was also an important deteriorating change
detected (2.6 % per year) for Nitratd. All other monitored values did not show an important trend

in improvementor deterioration. The lower Kuratau river site located at Te Rae St, Omori measured
slightly below the regional median trend slope for TN and Nitfété\n important improvement was
determined for Total Phosphorus 1.3% peayand Dissolved Reactive Phosphorus (DRP) 1.8% per
year. No other monitored values on the lower Kuratau River returned signifitanids in

improvements of deteriorationgvant 2021).

RECadndcover for Sites-b wasclassified adominantly indigenous forest. Site 1 (B andsite 2
(Fig.3Bare located in the upper catchmenear SH41Site 3 (Fig. 3&the only site on the left branch

of Kuratau Rive(Mangaongoki Stream) and was located just prior to the confluence of the two
branches. The headwaters of Mangaongoki stream are located within the forests of Hauhungaroa
Ranges. Site @ig3D)andSite 5(Fig.3Eare the headwaters of the right branch of Kuratau Rifée
dominant landuse type classified by REC for sitek0as pasture. Three of these sites were located

on Moerangi Station (FiglA, 4B, including site §Fig. 4©), the main stem of the right branch of
Kuratau River. Sites(6ig 4Dand9 (Fig £)are located below Lake Kurataand at the lowest reach

oftheriver,atthe2 dzi t SG G2 [F 1S ¢ dzLdl &
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1

Figure3 Sites 15 upstream (left), downstream (right). Kuratau River (A), Tributary (B), Mangaongoki Stledim Roto StreartD),
Kuratau HeadwatefE).




Figure4 Sites 610 Upstream (left), downstream (right). Moerafgibutary Pastur¢A), MoerangiTributaryPine(B), Kuratau Rivey
Moerangi (C), Kuratau RiveBelow Lake Kuratau (D), Kuratau River mouth (E).
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Chapter 3- Methods

Environmental Indicators

Physicochemical

At each site, water temperature°q), dissolved oxygen concentration (mg/l and percentage
saturation), and conductivity (ambient and specific conductivity, measureeSé&an) values were
recorded using YSI Pro2030 Dissolved Oxygen and Conductivity Meter (YSI Inc., Yellow Springs, OH,
USA). The YSI Pro2030 was calibrated at each site prior to sampling. pH was measured using an EC
PCTestr35 handheld probe (Eutech Instruments Pte Ltd, Paisley,HgKg. indicators were recorded

twice from each site at badtow conditions between 10am and 2pm in the day during summer. For

data analyses | used the mean values for each site.

Water Quality

Water samples were collected for laboratory analyses at each site following the protocols outlined in
the National Environmental Monitoring Standards (NEMS) for surface water monitoring. Water
samples were collected just below the surface at thannel thalweg using sampling pole (Mighty
Gripper Pole, Whangarei, NZ). A 1 L bottle was used to collect a sample for suspended solids (as an
indicator of turbidity) and additional bottles were used to collect a 500 ml sample for microbial
analysis, a 500 ml sate for Total Nitrogen (TN) and Dissolved Reactive Phosphorus (DRP), and a 100
ml sample containing sulphuric acid as a preservativd é@al AmmoniacaN, Nitrate-N andNitrite-

N, Total KjeldahNitrogen (TKN), and Total Phosphorus (TP). Water samples were collected once from

each site at base flow conditions. All samples were sent to Hill Laboratories (Hamilton, NZ) for analysis.

Nutrients

Nutrient concentrations were measured to target key attributes in the-NFIShat are required for

State of the Environment (SOE) monitoring for water quality. These attributes included Total Nitrogen
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(all forms of nitrogen measured), Total Oxidised Nitrogen (Nitkate Nitrite-N; soluble forms
available for plant growth)Total KjeldahNitrogen (the sum of ammonieal nitrogen and organic
nitrogenous compounds Ammoniacal Nitrogen (ammonia and ammonium), Dissolved Reactive
Phosphorus (soluble forms that supports eutrophication), and Total Phosphorus (dissolved,

particulate, inorganic and organic phosphorus).

Faecal coliforms

The faecal indicatdescherichia cois a naturallyoccurringbacteria that lives within the intestines of
mammalsand birds and is used as a faecal bacteria indicator. The preserieeadfin waterways,
measured in colony forming units (CR¢)y 100 ml.is used to indicate faecal contamination and the

potential presence of other harmful contaminants and pathogens.

Water clarity

Water clarity was measured visually usinga fong telescopic pole with a black disc attached at the
end and a viewing chamber. The diameter size of the black disc varied depending on the resulting
clarity measurements and varied between 60 mm and 20Q ésnclarity was always greater than 0.5

mm, a 20 mm disc was not needed. As outlined in the NEMS for surface water, black disc
measurements resulting less than 1.5 m were measured using a 60 mm disc, and measurements
greater than 1.5 m were measured usiag200 mm diameter disc. Black disc measurements were
taken by looking through a viewing chamber with an angled mirror to allow for viewing vertically under
the water, then by slowly moving the black disc away and recording the distance between the viewer
and the disc. Two measurements were recorded, the first being the distance the disc disappeared, and

the distance it reappears.
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Habitat Assessment

RapidHabitat Assessmen

Instreamand ripariarhabitatat each site were quantifiedsingrapidhabitatassessment approaches
Theseapproaches used thB2c,and P2d Stream Habitat Assessment Protocols (SHAP) described in
Harding et al. (2009The P2c protocol involvegsualassessment otte percentage of riffle, run, and

pool habitat present inthe stream reach with various parameters of stream bed substrate
composition, organic matter and fish habitat measured for each of the three habitat.tyjmes2d
protocol involves the scoring dhirteen riparian attributes 1-5 on each bank, and summing the
average score for each attribute to derive a Riparian Condition Index, where higher scores indicate

more intact higler quality riparian habitat

Fine Sediment

Benthic substrate composition and deposited fine sediment (DFS) were determinedthesinhgo

main Sediment Assessment Methods (SAlkHcribed irClapcott et al(2011).Fine sediment (< 2mm)

is widely recognised as an important pollutant of aquatic habitats that is often associated with human
impacts on streams and rive(Blughes 2016)Deposited ihe sedimentis a major stressor in stony
bottomed stream and river due to its ability to smother benthabitat, degrade food resources, cause
physical harm trough abrasion and gilloggingand contribute to increased turbidity (reducing light

attenuation), thus negatively impacting stream hegBurdon et al. 2013)

Benthic substrate composition was assessed usingA®3 protocol(Clapcott et al. 2011)This
involvedone hundredindividual substrate samples selected randomly (i.e., using the Wolman walk)
at each site throughout the study reach. Each substrate sample was recorded and categorized based
on its size. In order from largest to smallest, these were the substrate siegocgs recorded:
bedrock, boulder (>264 mm), cobble (64 mm), gravel @4 mm), fine gravel (B mm), sand{.6q

2 mm) and silt (<0.6 m).
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The SAM2 method relies on visual observations of DFS on the streambed. It involves five randomly
selected transects across the stream channel within the study ré@tdpcott et al. 2011 The
streambed was observed using a bathyscope (underwater viewer) at four randomly selected points
along each transect. The visible percentage of DFS cover observed in four quadrants in the bathyscope
was estimated and recorded. This process was theeated for the next four transects, resulting in

a total oftwenty independent observations takei€C(apcott et al. 2011

Structural Indicators

Macroinvertebrates

Macroinvertebrates are defined as any watkwelling invertebrate retained by a Omldm mesh(Hauer

and Resh 2007Macroinvertebrates generally occupy benthic habitats in rivers and streams. Benthic
macroinvertebrate samples were collected following the guidelines outlined in the National
Environmental Monitoring StandarddEMS 20225ites were sampled between 28 October 2022 and

07 April 2023

Invertebrate samples were collected from each site using a triangtdare kick net with a 506m
mesh.The sampling targeted the most commonly available wadeable mesohabitats (e.qg., riffles, runs)
within the site reach, and the readength was approximately 20 times the average channel width.
One single composite sample comprisedg8 unitefforts (subsamples) collected from mesohabitats
(fine gravel, rocks, wood, roots). The kick net was placed downstream of the sampled area to catch
invertebrates ashey drifted with the flow to escape disturbance. Once a suitable area of streambed
was sampled (0-6.9 n¥), the sample was submerged in 70% ethanol and transported to the

laboratory for processing and identification of macroinvertebrate taxa

In the laboratory, nacroinvertebrate processing followed the NEMS 200+ fixed count and scanned for
missed taxa protocdNEMS 20225amples were rinsed through a clear 0.5 mm sieve and transferred

in equal amounts to four white plastic sorting trays. Water was added to each tray to help separate
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invertebrates from remaining detritus, sticks, leaf litter etc. Invertebrates and were removed using
forceps and placed into petri dishes for identification. Each tray was processed until a minimum of
two hundredindividual macroinvertebrates were removed. Each individual was then examined under
a stereo microscope and identified to the lowest practicable level (generally Genus, but Order and/or
Family in some instances) using standard guid@mterbourn et al. 2006)All individuals were

grouped and courdd to their identified taxon to enable the calculation of macroinvertebrate indices.

| wanted to test differences across site types using macroinvertebrate indices of stream health. The
indices | used were the Macroinvertebrate Community Index (MCI), its quantitative equivalent (QMCI),
the Average Score Per Metric (ASPM) andatsstituent parts (EPT richness, %EPT abundaand)

taxa richness. The MCI is a metric that uses taxa tolerance scores to determine an overall score of

stream health based on taxa presence. The MCI score is calculated using the following formula (Eg.1):

B
- #) ~ ¢Tm (1)

where S= the total number of taxa in the sample, aad: the tolerance value for thith taxon. MCI

scores range from O (where no scoring taxa are present) to 200. The Quantitative MCI (QMCI) is

calculated from count (abundance) data using the following formula (Eq.2):

1-#) LR (2)

Where S = the total number of taxa in a sample;, the abundance for thegh scoring taxong = the

tolerance value for théh taxon and\ = the total abundance of the scoring taxa for the entire sample.

| also calculated the ASPM index and its constituent parts which includes the MCI. The ASPM also uses
the richness and relative abundanceephemeropteraPlecoptera,Trichoptera(EPT)axa. These taxa

are generally sensitive to environmental degradation and belong to the orders of aquatic insect more
commonly known as mayflies, stoneflies, and caddisflies, respect&Ply. (% EPabundancg is
calculated from the total number of individuals belonging to the EPT orders divided by the total
number of macroinvertebrates present within a sample (and multiplied by 100). EPT richness is simply
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the number of EPT taxa present in a sample. High percentages and richness of EPT taxa indicates good
stream health, but can be influenced by naturally occurring processes. For example, some soft
bottomed streams have naturally low abundances and richné$sPd taxa, because most EPT taxa
generally prefer stony and rocky stream habitat (rheophilidde ASPM is a mutltietric index
developed byCollier 2008and is calculateds the average scores for %Edlndance (normalized

to 100), EPTichness (normized to 29), and the MCI (normalized to 200) following the protocols
stated in the NPEM. TheASPM is calculated by taking the mean of the three metrics after being
normalised. | also calculated th&SPMindex using value from a local reference site (Site 5), to
normalise it according to the conditions in the Kuratau River catchment (and also account for any

errors in taxonomic identification of EPT).

EnvironmentalDNA

Environmental DNA (eDNA) was sampled using the methods for Wilderlab (Wellington, NZ) as
described inWilkinson et al(2024) Briefly here, eDNA sampling involved thersiglicate sampling
method recommended for streams. At each sit&Vidderlab eDNAixreplicate kit was used. Each kit
contaired sixencapsulated 30 mm diameter, 1.2 pym cellulose acetate syringesfiliegh luer-lock

inlet and outlet fittingstwo 60 mLluer-lock syrings, and 350 ul DNA/RNA Shield preservation buffer
(Zymo Research, ine, CA, USA) pieaded insix3 mL luer lock syringg andtwo pairs of sterile

nitrile gloves

Two approaches were used to collect eDNA samples. If the river was accessible and wadeable, the
sample was collected directly from the river. While standing in the river, water was taken using the 60
mL syringe. A second approach was used at sites whereitbr was unwadeable (or difficult to
access). Some sites had seasonally variable flow levels with high base flows at the time of sampling,
thus requiring an alternative approach to sampling eDNA. This approach used 1000 mlHgibrile

Density Polyethgne (HDPE) bottles (Stowers, Auckland, NZ) to collect water from the river using a
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sampling pole (Mighty Gripper Pole, Whangarei, NZ). The sample water was then pourestémiie a

1 L glass measuring jug, and the Wilderlab 60 mL syringe then used to filter water from the jug.

In both approaches, 50 mL water was measured using the large syringe. The filter was then connected
to the end of the syringe, and the water was pushed through the filter. This was repeatedwgnty

times per filter¢ to a max of 1000 mL, or until the filter was clogged. Exact measurements of water
filtered were recorded. Excess water was then pushed out of the filter and the preservative added
using the3 mLluer lock syring@rovided. The same filtration steps were repeated for six filters at each

site.

Filters were then sent to WilderLab for DNA extraction, polymerase chain reaction (PCR) amplification,
sequencing, and bioinformatic processing following the methods described in Wilkinson et al. (2024).
This approach used DNA metabarcoding, which invahesimutaneoustaxonomic identification of
Operational Taxonomic Units (OTUs) or Amplicon Specific Variances (ASVs) in eDNA samples with
millions of sequences, generated by PCR amplification using high throughput sequencing (HTS)

techniques (Wilkinsonteal. 2024).

Functional Indicators

Decomposition

Cellulose decomposition potential (CDP) at the ten study sites in the Kuratau River catchment was
determined using the cotton strip assé¥iegs et al. 20332019) Cotton strips were prepared from
FNIA&ZGQa OFLydla FFEoNRO OCNBRNAES Tedgséef &b (201B)ny 0 F 2
Briefly, strips were cut to a standard size (80 x 25 mm) and stored in a desiccator prior to deployment

in the field.

At each study site, four replicate cotton strips were fixgth cablebindersto a metal chain attached
to a wooden stakéhammered into the stream substrate. Two Blocks, each with four strips, were

spaced apart in riffldype habitat by approximately seven times the bankfull width. Strips were
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incubated in streams for 245 days(median 35 daysheginningin late October 2022a duration
predicted to yield approximately 50% tensfizength loss in New Zealand conditiofidegs et al.
2013) Temperature was recorded hourly in each stream for the duration of the experiment with a

HOBO MX2202 water temperature/liglatvel logge(Onset Computer Corp., Bourne, MA, USA)

After incubation, cotton strips were removed and subsequently submerge&@malcentrifuge tube

filled with 90% ethanol foBO scondsand cleaned gently to remove adhering sediment and biofilm
The strips were theplaced individually into labelled plastic bags for transport to the laboratdrgre

they were frozen at20 °C prior to processing in laboratoryrhefrozen strips were thawed and
transferred to aluminium pans, dried at 60 °C for 48 hours, and then stored in desiccators untit tensile

strength determination.

The tensile strength (N) of each strip was measured on a tensiometer {(Marklodel MG100,
Copiague, NY, USA) mounted to a motorized test stand, and pulled at a rate of 2 cm/min. The initial
tensile strength of the strips was determined using a set otrabistrips that were briefly wetted in
stream water, sterilised with ethanol, and then processed with treatment strips. Tensile loss was

calculated athe breakdown coefficierit per day of incubation (E8) followingBurdon et al. (2020a)

a éxY ©)
A
o]

whereTSis the maximum tensile strength recorded for each of the strips incubated in the Ti8lid,

the mean tensile strength of the control strips that were not incubated in the field, taisdthe
incubation period (days) summed the average daily water temperatures over each incubation period
to calculate temperaturadays (i.e., the temperaturdays accumulated from Day 1 to the retrieval

day) fort (Benfield et al. 2017)an approach that accounts for temperature effects.
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Primary Production

Periphyton biomass is used asiadicator of ecosystem health, as increased nutriet@smperatures,
and lightcan increase periphyton growth, whichay lead to smothering of the stream beahd
excessive community respiration during the night river and streams that consist of mainly fine
sediments, periphyton growth is restricted due to tivestability of the substratewhich can be

mobilisedand therefore cannot suppohigh biomass accrual

Algal biomass (ckd mg m?) was assessed using a portable fluorometer (Benthotorch, BBE Moldaenke,
Schwentinental, Schleswigdolstein, Germany) which quantifies the fluorescence of chlorohgitd
converts this information to chlorophyll biomass (Kahlert and McKie 2014). Thesityteof the
chlorophyll fluorescence is used to calculate the different algae as chlorepmdimely green algae,
blue-green algae (cyanobacteria) and diatoré.eachsite, the Benthotorch was pressed against
suitable rocky sbistrate surfaces until a reading was returned. This was repemiedty-five times

along the sample reach of the rivefo adequately characterise flow conditions, on five replicate
measurements across the wetted channel were made on five transects withing the sampling reach (25

readings in total). &ch measurement was recorded on a field sheetditer analysis.

Cultural Health Assessment

Cultural Health Index

The Cultural Health Index (CHI) was created by Gail Tipa and Laurel Tierney (Tipa and Tierney 2003
2006) asa tool designed to evaluate the health of streams and rivers in a way the encompasses the
@ tdzSa yR 0StASTFa 2F A6AZ KFELINXEZ YR gKnyl dzd ¢K

componentsg Site Status, Mahinga Kai Value, and the Cultstiadam Health Measure.
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Site Status

Site Status first determines if the site is considered to be of traditional significance to tangata whenua.
For thisresearchthis measure was adapted to include not only known traditimuainection such as
traditional food sourcing and waahi tapout alsoincludescurrent significance to mana whenughis
included factors such as known current use of the site to gather kai, to restore wai ora (health), or if
the site area is held and/or cared for by tangata whenBige Status includes a second valbatt
indicates ifthere is cause foreturn to the site.The score was determined as A = s#tef cultural

significance, B = naulturallysignificant, and 1 = would return, O = would not return.

Mahinga Kai

The Mahinga Kai measure consists of four paiia) mahinga kai species presefih) comparison of
speciegresentto traditional specieqc)access to the site to gather, afd) if tangata whenua would

return to the sitein the future to gather kaiThecalculation of the Mahinga Kai score was also adapted

in this research to account for the lack of local knowledge and challenges with quantifying mahinga

kai species. Part (a) was determined using eDNA results for both native and exotic mahinga kai species

G SIOK aAdSe® ¢KS AyOf dzZRSER ¢ Bchyidi€ila taenisRI A B B I NI NS
Galaxias brevipinnjggalaxiids, and the exotic species were: brown tr®atmo truttg rainbow trout
Oncorhynchus mykissand salmonids (salmon/trout specjesThe eDNA of tuna (eels) was not

detected at any of the sites and were therefore not included. Other mahinga kai such as vegetation

YR OANREATS LINSaSyOS gFa RSGSNNVAYSR dzaAy3a GKS 3
Margin€ @b I G A @S tf I yi & LIS GiEBharéattributes idchudddfrom hh&ESHW IdS OA S &
GKS ab KAy3l YFA a02NB AyOf disRR ai KD AjSk&a B2 GE o 252
you returnd Ehe final Mahinga Kai score was calculated by averaging thssebiatedattributes from

the CSHM, and adding an averaged value assigned to the level (very low, low, mod, high, very high) of

eDNAsequence countpicked up for each of the seven species listed above. The assigned value was

weighted to factor in native/traditional species and exotic/modern species.
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Cultural Stream Health Measure

The final component of the Cldlthe Cultural Stream Health Measure (CSHM) was calculated from

the average scores recorded at each site for attributesntified bytangata whenuao represent

streamor river health. The CSHM assessment used in this res@asitiied a combination of the

traditional CSHM which encompageetcultural indicators included in Tipa and Tierney (2IH6)

and acultural healthassessmentdeveloped byb 3 Kaihaith o te awa o Waikato provided by
CNnogKFBNEBZAR ¢ NIEEH) The 2$SHNEdicator assessment was carried out in the field at

allten study sites in the Kuratau River catchmdraranalysis ofhe final CSHM scoréaveraged the

scores for the eight attributesecommended byTipa and Tierney (2006 SNA @S (G KS da ¢ NI R
/{1 aé¢d ¢KSasS SA IGichmenilanNAse"d’RiSadan ve§ekdoN", "Use of riparian

margin”, "Riverbed condition/sediment”, "Channel modification”, "Flow and habitat variety", "Water

clarity”, and "Water quality". Although similar, hese attributes have differerdescriptorsthan that

dzZASR Ay GKS baAndA ¢hngKFINBG2 / | Habitht ¥arigbditgand y G ® L
"Flow" attributes in0 KS b3aIndA ¢ngKFNBG2I /["Alow and azbiGtvarg@ y G  F 2 N

attribute used for the Traditional CSHM.

Data Analysis

To test my first hypothesis, | analysed differences between the two REC land cover types (Indigenous
Forest, Pasturen=5 for each) using a variety of statistical approaches. Univariate differences were
analysed using general linear models (GLM).rfeemally distributed continuous responses | used

GLM assuming a Gaussian distribution. For count data (taxa and EPT richness) | used a generalized
linear model assuming a Poisson distribution with alioky function. Where data was nested with
multiple measurenents per site (decomposition, primary production, fine sediment), | used general
linear mixed models (GLMM) with a fixed effect for REC land cover and a random effect term for study
site. GLMM were fitted using thene4 package in RBates et al. 2015Where data was replicated at

the sitelevel, | also tested differences between individual sites using GLMhBosbmparisons were
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0SAGSR gAGK ¢dzl S& Qa O2 NiBadgiatkagé in Rl 201 a)tnivariate A OA G &
responses were lotransformed where appropriate to improve normality and homoscedasticity. |

used permutational multivariate analysis of variance (PERMANOVA) to test differences in benthic
macroinvertebrate and eDNA aquatic insect community position. Community data was Hellinger
transformed and converted to BrayCurtis similarity matd. The PERMANOVA model were tested

using theadonisfunction in theveganR packagéOksanen et al. 2013The differences in community
composition were visualised with neametric multidimensional scaling (NMDS) plots. Indicator
analysis usingdicspecien R(De Céceres and Legendre 2008ped highlight taxa characteristic of

one land cover type. | also plotted differences among local -lesel types (Table 2) to better
understand the response of individual sites, but | did not statistically test thesetaa lack of

replication for exotic forestn=2) and mixed land uses=2).

To test my second hypothesis, in addition to the GLMs and GLMMs, | also calculated effect sizes for all
indicators including the traditional CSHM scores to show congruence in the direction and impact of
pastoral land cover relative to native forest cover siream ecosystem health. | wanted to show that

the traditional CSHM provided an equivalent assessment of land use impacts on stream health. |

calculated standard mean differences using 8irgleCaseHS packagéPustejovsky et al. 2023)

To test my third hypothesis, | correlated selected indicators with the traditional CSHM scores to assess
potential dissonance in the assessments of stream health. | also plotted selected variables against the
traditional CSHM scores to assess the potentehtionships. Where there were ecologically
significant correlations between the traditional CSHM scores and other indicators, | plotted the data
and fitted a linear regression model. A lack of correlatibetsveen indicatorscould be indicatve of

the complementarynature of approaches as eachflects two different knowledge systems and

perspectivesbut mayalso beattributed to low sample sizenE10).

All gatistical analyss were carried out using R24& (R Core Team 2022)
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Chapter 4- Conventional monitoring

Environmental Indicators

Physicochemical

Mean dissolved oxygen (%) values were generally high across all sites)(Hige highest value at

Site 6 below the hydro daexceeded saturation which was a potential indicator of eutrophication. In
contrast, mean water temperatures were lowest in the forested sites, and highest in Site 6 below the
hydro dam (Figb). Ambient and specific conductivity generally increased with human land uses, with
the highest mean values observed at the two mixed land use sites below the hydro dd&wm drigH
wasgenerally circumneutral and unrelated to land use, but the more alkaline values observed at Site
6 were consistent with indicationaf eutrophication (Fidge). The highest water clarity values were
observedat thetwo sites below the hydro dam, whereas water clarity values were generally lower in

pastoral and exotic forest land uses (bip.

| also compared physicochemical indicators across the two REC landcover types (indigenous forest,
pasture). There was no significant differences in dissolved oxygen (concentrations and&)Fig.
Water temperatures were generally warmer in pastoral sites §Ejgbut this difference was not
statistically significantH s=3.80,P=0.087). Both ambient and specific conductivity were significantly
higher in pastoral sites (Fagl,e). Ambient conductivity increased from 3%/cm in indigenous forest
streamsto 56>S/cm in pastoral site$s=15.5,P<0.01). Similarly, specific conductivity increased from
43>S/cm in indigenous forest streams to ¥3/cm in pastoral site$(s=11.4,P<0.01). There was no

difference in pH or water clarity between the two landcover types §F-
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Water quality

Nutrient concentrations were highly variable across sites {Fig.otal nitrogen and nitrateN
concentrations were generally higher in sites affected by human land use&(BjgSeven sites had
nitrate-N concentrations in the NFFSM Band A, whereas three sites were in Band B. Total phosphorus
and dissolved reactive phosphorus concentrations were generally lowcfdp. Site 6 below the
hydro dam had extremely high concentrations of DRP, which might be a consequence of a high
groundwater contribution tibase flow and naturally high phosphorus due to volcanic geologies.
Counts ofE.coliwere mostly low, although elevated in pastoral si(Efg7e). However, the site with

the highestE. colicounts was surrounded by exotic forest. The counts at this site were high enough to
put it in the NP$M D Band, and the source may have been feral deer with extensive evidence of their

presence (e.g., droppings).
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Figure7 Ranked bar plotdow to high)of ten sites located across the Kuratau River catchment for concentrations (mg/L) of
(a) Total Nitrogen, (b) Nitrate, (c) Total Phosphorus, (d) Dissolved Reactive Phosphorus, and counts (per 100 mLpbf the faec
coliform bacterigEscherichiaoli. Colours indicate the local langse type. Dotted lines indicate attribute bands for biocriteria

(A-D) in the National Policy Statement for Freshwater Management-gWPS
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Comparing the water quality attributes across REC landcover types showed that total nitrogen

concentrations were significantly higher in pastoral siteg%£25.8,P<0.001; Figa). A similar pattern

of higher nitrateN concentrations in pastoral sites was also obsenfeg=6.0,P<0.001), with the

concentrations within the NRBM B Band (Figp). Total phosphorus concentrations were higher in

pastoral sites, but this difference was not significant a0.05 £ s=4.67,P=0.063; Fi®c). There was

no significant differences in DRP concentration& @oli counts between landcover types (Fd,e).

The mean DRP concentrations in the pastoral streams were in thé&MAESBand.
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Figure8 Bar plots (+ SHpr concentrations (mg/L) of (a) Total Nitrogen, (b) Nitrate, (c) Total Phosphorus, (d) Dissolved
Reactive Phosphorus, aife) counts (per 100 mL) of the faecal coliform bact&scherichiaoli. The ten sites located across

the Kuratau River catchment were groupedRiyer Environment Classificatiandcover types (n=5). Dotted lines indicate
attribute bands for biocriteria (AC) in the NP-EM, solid lines national bottom lines (D Barfe* P<0.001
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Habitat

Deposited fine sediment levels were high, whiefiected the underlying volcanic geology with deep

soil layers of fine pumice and ash tephra @ay. Mean sediment levels (% cover) were highest in the
Y2al R2¢oya0dNBlIY aradasS ySIEN GKS 2dz2itSd G2 [1S ¢F
9, directly below the hydro dam which was indicative of armouring and loss of a natural sediment
regme (Fig9a). Based on the NH=M, most of the sites (7) were in Band D for the deposited sediment
attribute, with one in Band C, and two in Band A. Depasfine sediment cover was higher in REC

pastoral sites when compared to the indigenous forest sites9Bigbut this difference was not

significantly different.
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Figure9 Deposited fine sediment cover (%) at ten sites located across the Kuratau River catchment. (a) Ranked har plots (
SE) going from low sediment cover to high sediment cdVelours indicate the local langse type.(b) Bar plots£ SE) for
sitesgrouped byRiver Environment Classificatiandcover typesr(=5). Dotted lines indicate attribute bands for biocriteria
(A-C) in the NPEM, solid lines national bottom lines (D Band
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| used the Riparian Condition Index (RCI) to assess the quality of riparian habitat across study sites.
The highest RCI scores were observed in the native forest reference sit#8aFlg general, riparian
condition declined with human land uses, and the lowest RCI score was recorded at Site 7, a pastoral
site with little to no riparian management. Mean RCI scores were higher in the indigenous forest

landcover sites when compared todlpastoral sitesKig10b), but this difference was not statistically

significant F1,6=0.435,P=0.528).
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FigurelO Deposited fine sediment cover (%) at ten sites located across the Kuratau River catchment. (a) Ranked bar plots (+
SE) going from low sediment cover to high sediment cover. Colours indicate the loeak&@atype. (b) Bar plots (+ SE) for

sites grouped B River Environment Classification landcover types). Dotted lines indicate attribute bands for biocriteria

(A-C) in the NPEM, solid lines national bottom lines (D Band).

64



Structural Indicatos

Macroinvertebrates

Out of the nearly 2550 individual invertebrates enumerated across the ten sites, 52 taxa were
identified. The most common taxon was the mayflgphlebia followed closely by the mayfly
Coloburiscus. There was no significant difference in community composition between the two REC
landcover types dt=0.05 F;5=1.87,P=0.07,R’>=18.9%). However, | was able to identify two indicator
taxa for thelndigenoudorest sites (Fid.1a). These were the stonefliddegaleptoperla(P<0.01) and
ZelandobiugP<0.05). Other common taxa more likely to be associated with the forested sites were
the mayfliesAustroclima and Coloburiscus and the craneflyAphrophila (Figlla). Common taxa
more likely tobe associated with pastoral sites included chironomid midges, oligochaete worms, the
shail Potamopyrgus and the grazing caddisfRycnocentrodes (Figlla). The two mixed land use
sites below the hydro dam were the most different in invertebrate composition when compared to

the headwater native forest site§ig11b).
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Figurell Nonrmetric Multidimensional Scaling (NMDS) plots of benthic macroinvertebrates in ten sites located across the
Kuratau River catchment. Sites are grouped by (a) REC landcover types, and (b) lecse lupes.Indicator taxa for
indigenous forest sites are shown in black, common taxa making up 76% of relative abundance are shown in grey.

The MCI scores ranged from 1021, putting all sites within the NFFM bands AC (Table, Fig.2a).

Five sites where in the A Band (Pristine), two sites in Band B (Mild Pollution), and the remaining three
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in Band C (Moderate Pollution). The highest MCI score was observed in a native forested headwater
stream of the Kuratau River (Fig@d). The lowest MCI score was observed in a pastoral headwater
stream,howeverthe two mixed lanéuse sites below the hydro dam weaésocharacterized by low

MClscores (Fig2a).

Table4 Table of macroinvertebrate community indices at ten sites inkheatau River catchmenREC, River Environment
Classification; IF, Indigenous Forest; P, Pasture; M&iroinvertebrate Community Indeand its quantitative equivalent
(QMCI) ASPM,Average Score Per Metric index calculated according to the National Policy Statement for Freshwater
Management EPTEphemeroptera, Plecoptera, Trichoptera.

Site REC land cove Local land use Taxa Richness Diversity MCI QMCI ASPM EPTRichness EPT%

1 IF Native 30 0.90 124 6.8 0.55 14 54.4
2 IF Native 26 0.86 141 7.1 0.60 15 59.2
3 IF Pasture 24 0.83 130 6.9 0.70 17 87.3
4 IF Forestry 20 0.86 111 4.7 0.43 10 39.8
5 IF Native 26 0.72 131 7.2 0.66 16 77.4
6 P Mixed 13 0.78 103 4.3 0.49 9 64.4
7 P Pasture 13 0.71 102 4.4 0.37 7 36.4
8 P Pasture 19 0.86 131 6.8 0.62 14 73.0
9 P Mixed 15 0.86 108 4.9 0.47 8 60.1
10 P Forestry 16 0.81 134 7.0 0.63 11 84.1

The QMCI results ranged from 4732 (Tabled). Six sites were >6.5, thus placing them in the A Band
(Fig.2b). There were no sites in the B Band, two sites in C Band, and two sites in the D Band (Severe
Pollution), which was below the national bottom line. The highest QMCI score was observed in a native
forested headwater stream of the Kuratau River. The lo@dCl score was recorded at Site 6, which

was a mixed landise site just downstream of the hyddam (Figl2b).

| calculated the ASPM metric based on the approach recommended in thEMPS8 addition to an
approach relying on a local reference site (Sitéo8dwing Collier (2008)For the NP$HM version of

the ASPM, | found that it ranged from 0¢®770 (Tabled). Five sites were in Band A, four in Band B,
and the remaining site in Band C (F2g)l The highest scoring site was a pastoral site with headwaters
dominated by native forest, whereas the lowest scoring site a pastoral headwater stream. Using a
local rderence site to calculate the ASPM index increased the range taq;@®2 (Tabled) and

suggested that seven sites were in Band A, with the remaining three sites in B&ngl ). This
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approach did change the ranking of some sites, but the highest and lowest scoring sites remained the

same as the NPEM version of the ASPIFig.2c,d).
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Figure 12 Ranked bar plot§good to poor)of ten sites located across the Kuratau River catchment for the (@)
Macroinvertebrate Community Index (MCI), (b) its quantitative equivalent (QMCI), Average Score Per Metric (ASPM) index
calculated according to the National Policy Statement for Freshwasgragement (NPEM), (d)ASPM calculated using a

local reference site (Site 5), (e) Ephemeroptera, Plecoptera, Trichoptera (EPT) richness, and (f) %EPT abundance. Colours
indicate the local landise type. Dotted lines indite attribute bands for biocriteria (&) in the NPEM, solid lines national

bottom lines (D Band).
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| tested the difference in macroinvertebrate biotic indidestween stream sites in two land cover
types (indigenous forest and pastoral). Although there were no statistically significant differences
between land cover types for the three metrics used in the RRISthese indicators of ecosystem
health were gener$y lower in the pastoral sites (Fi§a-c). The mean values for the MCI and ASPM
both occupied the B Band, but the QMCI showed the indigenous forest sites had a mean value in the
A Band, with the pastoral sites in the C Band. Taxa richness was siggifmagtlin the pastoral sites
(F.,6=26.8,P<0.001; Fid.3d), dropping from a mean of 25 in the indigenous forest sites to a mean of
15 in the pastoral sites. EPT richness was also significantly lower in the pastor&h sig8(Q,
P<0.001), although the mean difference was less than 5 EPT taxa between the land cover types

(Figl3e). There was no different in the relative abundance of EPT taxa3ffrig.
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Figure13 Bar plots £ SE) of the (a) Macroinvertebrate Community Index (MCI), (b) its quantitative equivalent (QMCI),
Average Score Per Metric (ASPM) index calculated according to the National Policy Statement for Freshwater Management
(NPSFM), (d) taxa richness, (e), Ephemgtera, Plecoptera, Trichoptera (EPT) richness, and (f) %EPT abundance. Ten sites
located across the Kuratau River catchment were grouped by REC landcover types (n=5). Dotted lines indicate attribute bands
for biocriteria (AC) in the NPEM, solid lines ational bottom lines (D Band}P<0.05, ***P<).001

For the comparison of the ASPM index between the two land cover types, | usegitsions (i.e.,
the ASPMasedon the NPSFMapproach and based on a local reference site). In both instances,

there was no significant difference between land cover types @jigalthough the ASPM values
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based on the local reference site (Site 5) were higher, with the mean values occuBamgl A

(Figl4b).
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Figurel4 Bar plots £ SE) of the macroinvertebrate (a) Average Score Per Metric (ASPM) index calculated according to the
National Policy Statement for Freshwater Management (RRj and (b) ASPM calculated using a local reference site (Site
5). The ten sites located acros&turatau River catchment were grouped by REC landcover tyggsdotted lines indicate
attribute bands for biocriteria (AC) in the NP-EM, solid lines national bottom lines (D Band).

Environmental DNA

| used the species recorded in the eDNA samples to explore biodiversity patterns across the two REC
landcover types. There was no significant difference in eDNA community composition of aquatic
insects across the landcover typds£1.91,P=0.127,R=19.3%), but the indicator analysis showed

that the mayfly Ameletopsis perscitug/as characteristic of forested streamB<(Q.05; Fidl5a).
Common aquatic insects associated wittdigenousforest sites included the mayflichthybotus
hudsoniand the freeliving caddisflyHydrobiosis gollanisThe two mixed land use sites below the
hydro dam had considerably different aquatic insect eDNA composition when compared to the other
sites (Fidl5b). Common aquatic insects associated with these dsineam mixed landise sites

included the frediving caddisflyAoteapsyche coloniand the chironomid midg&anytarsusp.
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Figurel5 Detrended Correspondence Analysis (DCA) of aquatic insects detected by environmental DNA (eDNA) in ten sites
located across the Kuratau River catchment. Sites are grouped by (a) REC landcover types, and (b)lseatylpes.
Indicator taxa for indigeous forest sites are shown in black, common taxa making up 86% of total occurrences are shown in

grey.

Consistentwvith the benthic macroinvertebrate data, aquatic insect species richness using eDNA was

significantly lower in the pastoral sites when compatedthe Indigenousforest sites | s=8.33,

P<0.05; Fidl6a). In contrast, species richness for fish, birds, and mammals all increased in pastoral

sites although these differences were not statistically significanti@ef).
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Functional Indicatos

Decomposition

Cotton strip tensile strength loss ranged from 52% to 86%, with a median of&##bn strip tensile
strength loss rates were generally lower in forested sites and higher in the pastoral and mixed land
use sites (Fig7a). This overall pattern did not differ when decomposition rates were temperature
corrected (Fid.7b). In both instances, the fastest decomposition rates were observed at Site 9 below

the Lake Kuratau outlet.
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Figurel7 Ranked (slow to fast) bar plots $E) for decomposition rates of cotton strips deployed to ten stream sites located
across the Kuratau River catchment.Kates per day for tensile strength loss, (b) temperataogrectedk ratesfor tensile
strength loss. Colours indicate the local largg type.

Using the REC landcover attributes, cotton strip tensile strengthrédes were greater in pasture
stream sites when compared to the forested sitdss€15.4, P<0.01, Fid8a). Correcting for
temperatures (cumulative degree days) did not result in a qualitative change in the large difference in

decomposition rates between the two land cover typBge$12.3,P<0.01, Fid.8b).
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Figurel8Bar plots £ SE) of instream cottestrip decomposition rates for different landcover types in the Kuratau River
catchment. (akrates per day for tensile strength loss, (b) temperatacgrectedk ratesfor tensile strength loss. The ten
sites located across the Kuratau River catchment were grouped by REC landcovert§pesi<0.01

Primary Production

Benthic algae (periphyton) was measured as a surrogate for primary production, and showed variation
across sites. Periphyton ranged from 9 to 113&0hiy per n?, but were generally low, occupying the

Wi Q I G0 NR aiPsriplytorywas ndof@ Vafiable than decomposition rates across land uses,
with similar patterns observed for diatoms (Higb) and cyanobacteria (Fifc). In all instances, the
highest chlorophyll concentrations were observed at Site 9 below the Lake Kuratau outlet, indicating
a role for flow stability and DRP concentrations. In contrast, green algae was more sporadically

distributed, but higher concentrations were observed at two native forest sitesl geip.
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Figurel9 Ranked (low to high biomass) bar platsSE) for periphyton in ten stream sites located across the Kuratau River
catchment. (a) total benthic periphyton biomass, (b) benthic diatom biomass, (c) benthic cyanobacteria biomass, and (d)
benthic green algae biomass. Colours indicate the locati@sadype.Dotted lines indicate attribute bands for biocriteria
(AC) in the NPEM.

Overall, stream periphyton biomass was greater in the REC landcover pasture stream sites when
compared to the forested sites, but the difference was not statistically signifi€agtd.08,P=0.786,
Fig20a). Between landcover types, diatom and cyanobacteria biomass was greater in the pastoral
streams. However, there was no significant difference in diatom bionkass((34,P=0.576, Fi@0b)

or cyanobacteria biomaski(=0.07,P=0.802, Fi@0c). Green algae biomass was more variable across
sites, but sbwed a trend of being more abundant in forest streams compared to pastoral sites. This

difference was not statistically significa £0.74,P=0.415, Fi@0d).
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Figure20 Bar plots £ SE) of periphyton for different landcover types in the Kuratau River catchment. (a) total benthic
periphyton biomass, (b) benthic diatom biomass, (c) benthic cyanobacteria biomass, and (d) benthic green algae biomass.
The ten sites located across the KiaaRiver catchment were grouped by REC landcover types. The dotted line indicates
the attribute bands for biocriteria 8) in the NPEM.
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Chapter 5 Cultural HealthMonitoring

Cultural Health Index

In Tables, | document the results for the Cultural Health Index (CHI) for the ten sites across the Kuratau
River catchment. This version of the @Bks theculturall 3 4 SaaYSy i LINBWAdeE R o0& b
to determine attributes for the Cultural Stream Health Measure (CSHE&I¥0 provide explanations

on how | applied the environmental DNA (eDNA) data to determine Mahinga Kai status.

The lowest scoring site for theSEIM(2.33) and Mahinga Kai (2.3yasrecorded atSite 3 on the
Mangaongoki Stream. Thaite statusassessment determined the siteasnot of cultural significance

and assessors woulikely not return. Ste 3 scored poorly in bank margin (<30m), native vegetation

and bird presence, but had good access and habitat availability for mahingdkéA results picked

up lowmoderatecounts2 ¥ | &nd NP &NI ® wlk Ay o62¢ (GNRdzi KFR (KS KA
counts forthe determined mahinga kai species. For the attributes in the CSKH&3 scored higly in
riverbankcondition, channel, water quality, water claritgnd access, but lowest in surrounding land
use,indigenousvegetation,and birdlife as well as in the more intrinsic attributes such as sound and

mauri.

The next lowest scoring CHI site was Site 7. This site was considered significant to tangata whenua as
it is located within Moerangi Station and flows througheamlogically significant wetland restoration

area however die to the current condition of the surrounding area, it was determined to be a site

not to return to. The mahinga kacore(2.9)at this sitewaslow. Although the site has good access
YR &Y2RSNJI (S gresénSrdiSated by 2DONA jthke sizdltad low scores for vegetation and
birdlife. Theoverall CSHM score (2.7) was alew, but the sitescored highHor riverbed and channel

quality, flow conditions, water clarity, and access.

Site 6 was the next lowest scoringesiind is located near where the Kuratau River discharges to Lake
¢ldzLdl @ LG KF&a 6S8SSy Y2yAd2NBR & | {41468 2F GKS
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decade. The CHI score assessed at Sim@&ed the site status determined it was not a site of cultural

significance t& | BEJn K2 6 SAS NI A (&

site to return to.

Table5 Cultural Health Index scores for ten sites acrosskhetau RiverSite Status A=Significant, B= Not significant,
would return, 2 = would not return. Bhinga Kascoreswere determined using sequence read counts from environmental
DNA (eDNA) sampling. @\, Cultural Stream Health Measuseoredetermined usinghe culturalassessment provided by

b3anidAi

tnoKIFNBG2L

f20FGA2y Ay LINREAYAGE

Site

Number

Local Land

Use Type

Site

Status

Mahinga Kai
(Fish taxa present in

eDNA)

CSHM Score

10

Native

Native

Pasture

Forestry

Native

Mixed

Pasture

Pasture

Mixed

Forestry

B-0

A0

B-0

B0

B-1

A-0

Al

A-1

A0

Klura (Mod)

Brown Trout (Very High)
Score = 3.6

Kllura (High)

Brown Trout (Very High)
Score =4.5

Klura (Mod)

Klaro (Low)

Brown Trout Kod)
Rainbow Trout (High)
Score =2.3

Kllura (ow)

Brown Trout (Very High)
Score =3.5

Klura (ow)

BrownTrout (Very High)
Score =4.5

Kllura (High)

Knkahi (ow)

Klaro (Low)

Galaxids (Very Low)
Brown Trout Yery Low)
Rainbow Trout\{ery Low)
Score =3

Klura (Mod)

Score =2.9

Klura (High)

Brown Trout (Very High)
Score =4.7

Kllura Mod)

Klaro (Low)

Galaxids (ow)

Rainbow Trout\{ery Low)
Salmon/Trout low)
Score =4.3

Klura (Very Low)

Score =3

3.38

3.70

2.33

3.26

3.5

2.98

2.70

3.46

3.39

3.09
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The mahinga kai score for Site 6 wa®ve average (3.8) as the site had three indigenous species
LINSaSyild Fa RSGSOGSR o0& $kbeb (Which wasabsers at alllafed ditésp 6 S NB
1 I I NRKiura THieRCSHM scor8.() however was relatively low as the attributes were reduced

with the adverse impacts of surrounding land uses (urban, pasture) and an overall feeling of a decline

in water health.

Sites 1 and 4 returnesimilar CHI results, both record®0 site status values, indicating sites were
not culturallysignificant anddue to current human impacts at these sit@syuld not be returned to.
The mahinga kai scores were relatively low (Site 5-S3te 4=3.5). This was because the eDNA results
AK26SR Y2RSNI (S ( 2aatk8cNdite, fn2l very high@gets af brawh trqutipazbént
Access and habitat for mahinga kaiswalatively poor. The CSHM scores were also relativelySate (

1 =34, Site 4 = B).

The CHI score f@ite 10showed the site was of cultural significance as it has historically been a place

where mana whenua would harvest watercregsassicaceadamily), an important food source to

YEye an2NR® | 26SOSNE RdzS (2 LINB@GA2dza SNRaAAZY S@8
currentstate ofrenewal As such it vas deemed tanot have cause foreturn. The mahinga kai score

(3.0) wasmoderately low, eDNAsequence read countshowed an absence ohative and exotic

freshwater fshat this siteand very low counts forllura. The CSHM score (3.1) vedso moderatéy

low attributed to catchment land usand reduced native vegetation, however this site did score highly

in attributes for water quality, riverbed, flow and overall health and mauri.

Sites 5, 8 and 9 all returnedlAsite status values. This states that the sites werittfiral significance

andwould give cause to return to. All of these sites had well established indigenous vegetation on and
within <30m of the riverbanks, had good access to the river, supported birdlife, and had various stream
habitatsto support aquatic lifeThe mahinga kai scores for these sites were all above average (Site 5

= 4.5,Site 8 = 4.7, Site 9 =3}. However, the CSHM scores for these sites were relgtiower (Site 5
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= 35, Site 8 = 3.55ite 9 = 31) due to the presence aghanufacturedstructures at the sitesind the

overall feeling of loss of mauri as a resultatchment land use influences

The highest scoring site for the CHI was Site 2. Site status showed that the gitdtisrafsignificance

to tangata whenua due to its location within established ancient indigenous forest, and its current use

to access the forestlowever,past human influences have impacted thauwi of the siteand as such

returned a site status score of@\(Table 6) The mahinga kai value B}.was above average due to

the surroundingindigenous vegetationthe riparian reach (>30m), biadiversity present, stream

habitats and accessibility. eDNA resudisowedK A 3K f S@Sta 2F {1 dzZNF LINBaASy
of brown trout. The CSHM score (3.7), although stilderately bw, likely due to the mentioned

negative historic human influences, was the highest recorded for all sites.

Table6 Cultural Health Index scores for ten sites across the Kuratau River catchment basedcnittuted assessment

LINE ARSR o6& b3anidAi e¢ovrgskdreNiBiérinedusinglséqieyicd Feadtduits from environmental DNA
(eDNA) sampling. €8B!, Cultural Stream Health Measure. *Traditional CSHM based on eight indicators described by Tipa
and Tierney (206). RECLandcover IF lndigenous ForesP= Pasture.

Site Number LaanE(():ver Site Status Mahinga Kai CSHM CSHM*
1 IF B-0 35 3.38 3.88
2 IF A0 45 3.70 4.38
3 IF B-0 2.3 2.3 2.91
4 IF B0 3.5 3.26 3.78
5 IF Al 4.5 3.50 3.4
6 P B1 39 2.98 3.2
7 P A0 2.9 2.70 2.88
8 P Al 4.7 346 4.06
9 P Al 4.3 3.39 3.88
10 P A0 3.0 3.09 3.25

Cultural Stream Health Measure

TheCultural Stream Health Measure (CSH#s calculatedizi A y 3 G KS b3IndA ¢ngKIFNB
form in addition to the traditional CSHMhich consisted og&ight indicators described byipa and

Teirney (2006) For the following analyses, | have used the traditional CSHM to better enable
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comparison with other studie@Harmsworth et al. 2011Yhe traditional CSHM showed that a native
forest site (Site 2) had the highest score, adtoral sites (Site 7, and 3 respectivéigyl the lowest
scores (Fig21a). In general, sites affected by human activities (notahtyoundingland use) scored

lower. The site on the Mangaongoki Stream (Site 3) had the second lowest traditional CSHM score

| also tested the ability of the traditional CSHM to determine the difference between the two REC
landcover types. The traditional CSHM scores were highedigenoudorest sites when compared

the pastoral sites (Figlb), but this difference was not statistically significafts€0.882,P=0.375).

(a) (b)
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Land use . Pine . Mixed . Native Pasture REC landcover . Indigenous forest Pasture

Figure21 Cultural Stream Health Measure (CSHM) scatéen sites located across the Kuratau River catchment. (a)
Ranked bar plots of CSHM scores going from high to low cultural health. Colours indicate the legsé leye. (b) Bar
plots of CSHM scores (mean * SE) for sites grouped by River Envirotessific&tion (REC) landcover types (n=5). The
traditional CSHM was based on eight indicators described by Tipa and Tiern&)y (200

To better understand how the eight indicators used for the traditional CSHM were correlated and
might influence the overall site score, | used Principal Components Analysis (PCA). Most of variance
amongst sites was explained by Axis 1 (PC1; 53%). Thén®@&dghat native forest sites generally

had negative Axis 1 site scores, with human affected sites tending to be positiv@d}:ig.2
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Fig.2b shows that the individual indicators tended to be negatively correlated with Axis 1 (PC1),

indicating how sites with negative scores tended to have higher CSHM scores.

(a) o (b) Use of riparian
: 3 margin
: Catchment
@ 0.4+ land use
5 Riparian
: @ vegetation
8 Water
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DL e T ...................
; Channel

modification

Local landuse
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. Mixed
@ Native
O

Pasture

PC2 (17%)
o
s

PC2 (17%)

: Flow and habitat
2 10 i variety

: Water
1 quality

Riverbed condition and
;0 -0.8- sediment

-1 0 1 15 1.0 -0.5 0.0 05
PC1 (53%) PC1 (53%)
Figure22 Principal Components Analysis (PCA) of the eight indicators used in the traditionabC®Hites located across

the Kuratau River catchmenta) Site scores for the PCA, wheotoars indicate the locdhnd-use type and the numbers
indicate the site(b) Vectors associated with theght indicatorsused for the PCALhe taditional CSHMvasdescribed by

Tipa and Tierney (2@0).

| also considered the same PCA using the REC landcover sites. This showednkadheudorest
sites tended to have negative site scores (Bg)2hat were associated with higher scores for the eight
indicators used in the traditional CSHM (FpR However, there was no multivariate difference
between the site scores for the two landcover typ&ss£0.606,P=0.612,R=7.4%). Likewise, the

difference between the Axis 1 site scores was not significantly diffeFest1.03,P=0.339; Fig.2b).
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Figure23Principal Components Analysis (PCA) of the eight indicators used in the traditionabCt®HBites located across
the Kuratau River catchmena) Site scores for the PCA, wheotoars indicate the River Environment ClassificaflREC)
landcovertype, and the numbers indicate the sitéb) Bar plots fnean+ SE) foPC1 sitescoresgrouped byRECQandcover
types 0=5).The taditional CSHMvasdescribed by Tipa and Tierney (B)0

Effect sizes: CSHM compared to other indicators

One of my key hypotheses (H2) was that cultural health indicators would be congruent with
conventional bioindicators in diagnosing land use impacts. To assess this objectively | compared the
effect sizes for the traditional CSHM with the other indicatoesasured. The effect | was interested

in was the difference between indigenous forest and pastoral landcover sites (according to River
Environment Classification). | found that the effect size of the CSHM was weak to modaxté£

0.505) in detecting ifferences between the two landcover types (F#).2This effect size compared

well with riparian condition-0.405+ 0.653 and the median effect sized(553+ 0.649 for indicators

where a negative response was deemed to be harmful for ecosystem healtijFig.2
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Figure24 Standardised mean differences (£ 95% confidence interval) for selected stream indicators assessing the effect of
pastoral landcover relative tmdigenous forest landcover in the Kuratau River catchment. Stream indicators were selected
where a negative response was deemed to be harmful for ecosystem hewdti_andcover for sites (n=5) was determined

using the River Environmental Classification (REC) database. White dot, CSHM, Cultural Stream Health Measure based on the
eight indicators described by Tipa and Tierney @08lack dot, median value for all indicators (red dots) other than the
CSHM.

The absolute value for the 88 effect size was weaker than the median effect siz&1(% 1.31) for
indicators where a positive response was deemed to be harmful for ecosystem healtb)(Fihese
indicators generally reflected environmental conditions such as water quality, as opposed to the

biodiversity values described in Fig.2
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Figure25 Standardised mean differences $5% confidence interviafor selected stream indicators assessing the effect of
pastoral landcover relative to indigenous forest landcover in the Kuratau River catchHties#m indicators were selected

where apositive response was deemed to be harmful for ecosystem hegtept for the CSHMPositive changes in
decompositiondissolved oxygen and pH were expected to be due to increasebial activity and photosynthesigus

potential indicatos of eutrophication.Landcover for sitesE5) was determined using the River Environmental Classification
(REC) database. White dot, CSHM, Cultural Stream Health Measure based on the eight indicators described by Tipa and
Tierney (208) where a negative change indicates a decrease in ecosystem health. Black dot, median value for all indicators
(red dots) other than the CSHM.

Correlations of the CSHM with other indicators

My final hypothess (H3) was that cultural health indicators wouldiverge with conventional
bioindicatorsas they reflect different knowledge systeniBo test this hypothesis, | first used a
correlation matrix to assess the collinearity between the CSHM and selected indicator8) (Hibi2
highlighted that the CSHM was correlated with relatively few indicators
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Figure26 Correlation matrix of selected indicators measured at 10 sitgsss the Kuratau River catchment. The size of the
dot indicates the strength of correlation, and the heat gradient indicates both the strength and the direction of the
correlation.
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There were some indicators that were correlated with theditional CSHM. Riparian condition was
positively correlated with a highly significant relationship=4.20, P<0.01; Fig.2a). Water
temperature was negatively correlated with t@SHMput this relationship was not significant at

h ' n @eAh15,P<0.064R=-0.61). Likewise, deposited fine sediment was negatively correlated with
the CSHM but the relationship was not statistically significagst-1.88, P=0.096; Fig.Zb). Taxa
richness was negatively correlated with t8B&HMput this relationship wasat significant {s=1.73,

P=0.123R=0.52).

(3)5- R=0.83,P=0.003 (b)s- R=-0.55, P=0.096
@ ]
e
4 4 S o %
o o~
s = = \. Local landuse
é é = - . : :.ative
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2 24
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Figure 27 Correlations of the traditional Cultural Stream Health Measure (CSHM) with (a) Riparian condition, and (b)
deposited fine sediment (% cover) measured at 10 sites atiheskuratau River catchment. The Riparian condition scores
were converted to a proportion of their theoretical maximum and ldgiinsformed to help improve their normality. The

solid line indicates a significant correlation, the dashed line indicatesiaigaificant correlation, and grey ribbons indicate

the 95% confidence interval.
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Chapter 6¢ Discussion

In my researchl sought to integrate culturaimonitoring with Western scientific monitoring
approachedo assesdreshwaterhealth. Conventionalsciencebasedapproacheause ecological and
biological assessments to determinesMeronmental indicatorso representthe health of waterbodies.
These indicators includmeasuring factors such agater qualityand deposited fine sediment, along

with bioindicators using benthic macroinvertebrates and environmental DNA. | was able to show the
impacts of land use on stream ecosystem health in the Kuratau River catchstemgthening
previousresearch that has linkethnd usepressure to ecological degradatidillan 2004) The
declines in macroinvertebrate richness and bioindicators showed how streams impacted by upstream
agricultural land uses had poorer ecosystem health tereams with catchments dominated by

native forest This is in alignment witimy first hypothesis (H1).

| also useda Cultural Health Index (CHI) to assess the ecological integrity of the Kuratau River
catchment. | objectively tested the congruence of the traditional CSHM in detecting effects of
upstreamland useusing a balancedesign. The impact of upstream pastoral land cover on the CSHM
relative tolndigenoudforest land cover had a similar effect size when compared to other indicators.
This helped support my second hypothesis that cultural health indicators woubtdsstentwith
conventional bioindiators in diagnosing land use impac(sli2) Although there were some
correlations between the CSHM and other indicators, overall, the relationship between cultural and

ecological indicators were generally weak to reistent.

This result supported my third hypothesis thetltural health indicators would not be strongly
correlated with conventional bioindicators becausachapproachreflects two different knowledge
systems and perspectivgbl3). In the following discussion, | examine the results mogepth and
attempt to explain the key patterns and processes leading to differences in ecological and cultural

indicators across sites in the Kuratau River catchment.
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Water quality

Nutrient concentrations showed large increases between indigenous forest and pastoral stream sites.

This finding is consistent with ressippreviously described in New Zeala(@uinn et al. 1997and
internationally(Allan 2004)In particular, nitrogen concentrations greatly increased, which was likely

due to fertilizeradditionsfor grass growth and stocking of grazing ungulates on pastoral lands. Such
OKIFy3aSa IINB 2F O2yOSNY Ay (KSapladirafet ¢ ydzhdl- IQGNV S P K Y
scheme foriffuse emissions of nitrogen the Lake Taup O 4§ OKYSy iG> FyR 2 @SN f f
goal of reducing the nitrogen load by 2Q&ECD 2015%0me caution needs to be applied to my water

quality results, since the nutrient ngentrations only represent a snapshot in time and may not be
indicative of longerm conditions. However, the State of the Environment (SOE) monitoring by the
Waikato Regional Council (WRC) has shown that nitrate concentrations have increased over time at

Site 6(Vant 2018, the most downstream site sampled in my survey. This-teng trend indicates

that land use change and intensification has contributed to increased nutrient concentrations entering
[F1S ¢FdzLdl FNRBY GKS YdzNIEié dNBFiHAYS{SwigRaasS s SWR §:

2004) with a lag between nitrate entering groundwater and then finally emerging in surface waters.

| also observed variation in phosphorus concentrations across the sites in the Kuratau catchment, with
very high concentrations at Site 6 below the hydiam. The DRP concentration (0.033 mg/L) |
recorded at this site was indicative of an ecosystem sth# exceeds the national bottom line
(>0.018 mg/L) for the DRP attribute in the NP\ (noting that the NBL is based on median values
from five years). The residual flows below the hydem appear to be groundwatded and not
discharge from the tail ragcavhich enters the river further downstream. Thus, it seems likely that the
high concentrations of DRP observed have natural ori@ngace waters in the central North Island

can have naturally high DRP concentrations due to the underlying volcanic ge@oagyon and
Ozkundakci 2023)n the neighbouring Bay of Plenty regioites near their headwaters with spring

sources are more likely to be affected fyosphorusenrichment of underlying groundwater through
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porous volcanic geolog$choles 2021 Thisnaturally occurringprocesscandepend on the geological
origins of the contributing groundwater sources and the contact time with relevant geological
formations(Morgenstern et al. 2015)This suggests that the groundwater entering the Kuratau River
at Site 6 has a long residence time, although the elevated levels of nitrate at the same site indicate

that residence times are congruent with the timeline for agricultural intensificatidghagrcatchment.

The nutrient concentrations across the ten sites were positively associated with measures of
ecosystem functioning (decomposition, primary production). Elevated nutrient concentrations can
drive greater biomass accrual in periphyt@iggs 200Q)lthough similar stream types in the Bay of
Plenty are thought to have less strong nutriaiorophyll relationshps due to the frequent flood
disturbance of the more unstable benthic pumice substrgteidroy et al. 2020)Similarly, previous
research has indicatl that the cotton strip assay (CSA) is sensitive to elevated nutrient concentrations
(Tiegs et al. 2024jurther suggesting that this functional indicator is able to link nutrient stressors to
altered stream ecosystem functioning. Although elevated nitrogen and phosphorus concentrations
are important to increased rates of cotton degradation, studies udiegQSA have tended to show
phosphorus as the more influential nutrief@urdon et al. 2020a, Pingram et al. 2Q2)is means the
relative fast rates bserved across all sites (2.1% tensile strength loss per day) is likely driven by the
high background concentrations of phosphorus due to the underlying volcanic geology in the
catchment. The study byTiegs et al. 2013)ncluded sites in the South Island Abtearoa, New
Zealand, and reported consistently lower decomposition rates using the CSA in indigenous forest
streams (median = 0.087% TSL degtag!, n=7)than those sampled in the Kuratau River catchment
(median = 0.169% TSL degdsyt, n=5). The results in Tiegs et al. (2013) suggest that lower
background levels of DRP in the South Island sites may have contributed to slower breakdown rates

than that observed in my study
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Habitat quality

Levels of fine inorganic sediment were elevated across most sites and included native forest sites.
Seven of the sites sampled had deposited fine sediment that were indicative of ecosystem states in
the D attribute band for the NPEM (i.e., >29% leadingt Highdmpact of deposited fine sediment

on instream biotd 0 ® | 2 ¢ &eepSaydrs ofivélcanic ash and punticat cover large portions of

the central North Island leato naturally high levels of fine sediment in streams and riyBrgdon

and Ozkindakci 2023) The gology of the wider region (includng the Kuratau River catchment) is
characterised bynantles of tephra including volcanic ashes and pumice gravels underlaid by welded
igneous rockgCollier and Bowman 2003, Collier and Smith 2088kamsn this regionare typically
springfed with benthic substratedominated by mobile beds of pumice sand and grag@tdlier and
Halliday 200Q)However,the soils include weakly structured yelldwown pumice whictare prone

to severe sheet erosigmmeaning that pastoral landses can upset the delicate balance with the
naturally high background levels of deposited fine sediment in streams. Evidence of these impacts
were observed at Site 6 (the most downstream site) where the low gradients likedgrbeded the
accumulation of deposited sediment due to upstream inputs that have been increased through human

land usegAllan 2004)

Another important factor affecting the distribution of fine sediment in the Kuratau River catchment is

the hydrodam. The lowest sediment levels were observed at Site 9 below the dam, which indicated

that this reach was sedimesstarved, and there was edidy OS 2 F WIF N¥2dzZNAy3IQ 602
riverbed. Water and sediment inputs are fundamental drivers of river ecosystems, but river
managementas tended to prioritizélow regimes at the expense othe sediment regimgWohl et

al. 2015) Highflow releaseselow dams into sedimerstarved reaches lacking sediment inputs can
causeriverbed coarseningand the loss othabitat (Jacobson and Galat 2008, Wohl et al. 2015)
Conversely,reduced flows below dams combined with abundant sediment supply can cause

sedimentationof the riverbed, leading tothe loss of benthic and fish habitétvohl et al. 2015)The
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Kuratau River appears to conform to both these impacts, with a sedistanted reach directly
downstream of the dam (Site 9) followed by the lower reaches of the river characterised by high levels
of deposited fine sediment (Site 6). These impacts om#taral sediment regime in the Kuratau River
have broader implications for its ecology, and the high levels of fine sediment at Site 6 help explain
the lower macroinvertebrate indices recorded in this reach. For example, lowest score for the QMCI
(4.3) wagecorded at Site 6. Deposited fine sediment is wetlognised for having negative impact on
sensitive stream macroinvertebrates, which include the loss of benthic habitat, degraded food

sources, and direct stress effe¢Burdon et al. 2013)

I quantified riparian habitat using the P2d form(iarding et al. 2009)This approach has been used

to score a qualitative index of riparian integrity that has been associated with macroinvertebrate
responses in New Zealag@8urdon et al. 2013and EuropgBurdon et al. 2020b)n my study, there

were only weak positive correlations between riparian condition and macroinvertebrates, and some
sites with poor instream habitat qualities (Sites 6, 9) had relatively intact riparian buffers characterised
by exensive stands of native woody vegetation. The sites that had low riparian condition were two
sites characterised by pastoridnd usesat the local scale. One of these sites (Site 3) still had its
headwaters in indigenous forest, which may have decoupled the relationship between local riparian
habitat and macroinvertebrates. However, the site with the lowest riparian condition scos{Sit
was a stream tributary that had its entire catchment dominated by pastoral land cover. This site also
had the lowesMCI and ASPM scores, indicating that degraded riparian habitat contributed in part to
declines in stream ecosystem health. Poor riparian habitat was generally influenced by the lack of
woody vegetation, which can lead to less shading and warmer temperajoeater bankside erosion

and sediment inputs, and lower litter inputs and instream hahifdtan 2004,
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Biodiversity

In general, agricultural land uses have negative effects on stream species rifPeisss et al. 2021)

| used benthic macroinvertebrates as key indicators of stream ecosystem health. In both the NEMS
kicknets and eDNA samples, | found evidence for negative impacts of pastoral land cover on aquatic
macroinvertebrate taxa richness. This indicated that itelerate biodiversity was substantially
reduced in the sites affected by upstream pastoral land uses. Other studies have shown reduced
taxonomic richnessn pastoral streams AcrossAotearoa New ZealandQuinn and Hickey1990)
observeda 21% decrease imacroinvertebratetaxonomic richness in streams draining highly
modified catchments comparetb catchments with low development. In South Island streams,
Harding and Winterbour(L995)found lower taxonomic richness in pastoral streams when compared

to streams with catchments dominated by native vegetation. However, other studies have shown
more equivocal results with alpha diversity responses such as taxa riclwss. et al.(1997)did

not find any differences in taxa richness between pastoral and forested streams in the Waikato.
Likewise Clapcott et al(2012)found that benthicmacrdnvertebrate richnessvas a relatively weak
indicatorof landuse effects Taxonomic richness ressitan be equivocal due to mass effects (source
sink dynamics) from unaffected upstream tributaries that weaken the invertebratéronment

relationship(Heino 2013)but | did not see evidence of this influence in the Kuratau River catchment.

Another aspect of biodiversity change that needs to be considered is high taxonomic turnover leading
to an increase in betdiversity despite maintaining similar levels of richne@sinn et al.(1997)
showed that macroinvertebrate communities in pastoral streams had different composition to the
communities in the forested streams. The pastoral streams were dominated by tolerant taxa like
chironomid midges, oligochaete worms and the smtamopygus This contrasted with higher
abundances of the mayflie®eleatidium Acanthophlebia and Ameletopsisand the stonefly
Zelandobiusn the forested sites. In my study, | found that the pastoral sites were more associated

with tolerant taxa likechironomid midges, oligochaete worms and the sRalamopygusln contrast,
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| found that two stoneflies Zelandobiusand Megaleptoperla and the mayflyAmeletopsiswere
indicator taxa for the indigenous forest land cover sites. This likely reflected differences in stream
temperatures between land cover types, since stoneflies and mayflies are typically less abundant in
streams that experience warmer summer temperasi(Quinn and Hickey 1990pverall, my results
conform with Petsch et al(2021)who showed that betaliversity responses of stream biodiversity

are often strong in rgponse to agricultural land uses.

In my study, the bioindicators used in the macroinvertebrate attribute of the-RRIMCI, QMCI,
ASPM) showed negative responses to pastoral land cover when compared to the indigenous forest
sites. The strongest response came from the ASPM metric caldulateg a local reference site and

the MCI, although the QMCI and ASPM @{RREB both had negative effects. The negative effect on
the MCI was not surprising, since it is based on the occupancy of sensitive and tolerant taxa. Thus, the
significant negativeesponse of EPT taxa richness indicated that these generally sensitive taxa had
lower occupancy in pastoral land cover sites, contributing to the negative response of the MCI.
Likewise, theASPMesponses were consistent with expectations since both the MCI and EPT richness
are constituent metrics. However, the third constituent metric of the ASPM, %EPT abundance, showed
no difference between REC land cover sites and had relatively high valegsuir62%). There was
virtually no influence of deposited firgediment on the invertebrate metrics, which was surprising
because other studies have shown strong negative sedismetrtebrate relationships, especially for
%EPT abundang8urdon et al. 2013)At least four ges had macroinvertebrate metric scores that
were indicative of theA Bandunder the NP$M butwere in theD bandfor deposited fine sediment

These sites may have had patdynamis due tothe steeper channel gradients and greater stream
power reflective of the hill country dominating the catchmer8uch dynamism might mean fine
sediment was prone to flux, leading to high spagmporal heterogeneity that can help preserve
suitable benthic habitat for stream invertebraté$ownsend and Hildrew 19943ubmergedarge

wood in the forested sites couldrovide an important stable refugéCollier and Halliday 200@nd
structure stream geomorpholog{Quinn et al. 1997)Furthermore, the relativelyow intensity land
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uses in much of the Kuratau River catchment may mean that there are stable habitat dynamics at
larger spatial scales, thus preserving populations of sensitive stream invertebrates and leading to
strong sourcesink dynamics in the metacommuniti@geino 2013)In summary, the streandraining
pastoral lands in the Kuratau River catchment had reduced biodiversitythatireplacement of
sensitive taxge.g., mayflies, stoneflies)ith more tolerant taxavhen compared to the less developed

indigenous forest dahments

Cultural Health

| used the Cultural Health Index (CHI) to assess the ecological integrity of the Kuratau River catchment
from a Te A@a n 2pedpective To test my second hypothesigjsed thetraditional Cultural Stream

Health Measure@QSHN described byTipa and Teirney 2006) detect effects of upstream landuse

on stream ecosystem health and compared the size of this effect with the other indicatorsMiged
results showed thaCSHMwas able to approximate the median effect size for indicators where a
negative response had an adverse effect on ecosystem health. These indicators mostly reflected
biodiversity values associated with stream macroinvertebrates. The indicator that hachalse
similar effect size to the traditional CSHM was riparian condition. This was not surprising, because
both indicators are subjective, qualitative indices based on a Likert scale that are at least partly
assessed visually. They both have overlappingbaties as part of their scoring system, such as
surrounding land use, riparian vegetation, and riparian margins. These qualities meant that the CSHM
was strongly correlated with riparian condition, which refuted my third hypothesisdhigdral health
indicators woulddiverge fromconventional indicatorsHarmsworth et al(2011)similarly found that

in the Riwaka and Motueka River catchments, the CSHM was strongly correlated with the proportion
of native vegetation upstreanTownsend et al(2004)also bund that the CSHM in th€aieri and
Kakaunui Rivezatchments was more strongly associated with riparian habitat at the stream segment

scale than other indicators. Those authors were also able to associate the CSHM with instream habitat
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scores, which | safurther indication of with the weak correlation between deposited fine sediment

and the CSHM in the Kuratau River catchment.

However, consistent with my third hypothesis, | found that the CSHM was not strongly correlated with
macroinvertebrate indices. This contrasted with previous studies, which have found significant
correlations between the CSHM and the MCI metficavnsend et al. 2004, Harmsworth et al. 2011)

Part of this discrepancy could be due to the limited hnumber of sites | sampled, meaning that there was
insufficient power to detect a relationship. Another aspect that influenced the ability of the CSHM to
approximatethe instream biodiversity trends was the impact gradient in the Kuratau River catchment.
The MCI scores ranged from 102 to 141 (median=127), meaning that there were not the highly
impacted sites that would help describe a linear relationship between theeimdicators. Thirdly, my
results are a snapshot in time, and repeated sampling might improve the estimates of the CSHM and
the other metrics, thus enabling a stronger relationship to emerge between it and the instream
indicators. However, putting these @ects to the side, there is a philosophical argument underpinned

by my third hypothesis suggesting that the two approaches are complementary and represent
different ways of knowing stream ecosyste(hkkuroa et al. 20210ne of the strengths of the cultural
Y2YAG2NRAY 3 | LIINRIFOK Aa GKFd AG LINPGARSA an2NR

z A
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Conclusions

My results were consistent with previous studies that have shown negative impacts of agricultural
land uses on stream ecosystem health. Although the impacts of land use are relatively moderate in

the Kuratau River catchment, the increases in nutrient catreéions were of concern given the

AaSYaridAgdS NBOSAGAYy3A SY@ANRYYSyd 2F [F1S ¢ dzLdl @

macroinvertebrate biodiversity which indicates that riparian restoration could help reduce negative
impacts of sediment runff and elevated summer temperaturd3esults also suggest that the Kuratau

hydro dam has impacts on the natural sediment regime, leading to stream coarsening near the foot
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of the dam and increased sedimentation further downstream. These impacts, coupled with altered
flow regimes and reduced connectivity highlight the ecological costs of impoundments in river
networks. These impacts need to be balanced with the benefitsefiim, which may help prevent
non-native fish (e.g., brown bullhead catfish) from penetrating further into the catchment, and the
ecosystem services provided by Lake Kuratau which include power generation and recreational

activities (boating, fishing).

Akeygoal of my thesis was facorporateculturing monitoringvith more conventional biomonitoring
toolsto assess streamiver health. Within the framework of the Cultural Health Index, | was able to
describefreshwaterhealth in a way that identiésthe customaryconnection2 ¥ Kahdlivia n 2 NRA

to freshwater and determinehte mahinga kavalues ofthe sites,alongside the physical and ecological
condition of thewai. | was also able to highlight the ability thie Cultural Stream Health Measure
(CSHM) to discern the impacts of pastoral land uses on stream ecosystem health. The strength of this
impact was equivalent with the median effect size for indicators of negative change, and the cultural
monitoring metric wasclosely aligned with a similar metric for assessing riparian habitat. Although
there were not strong correlations of thE SHMvith instream indicators, this could have been due to

the limited number of sites samples, the relatively narrow impact gradient, and the lack of temporal
replication to improve estimated values. However, | expected that indicators might not correlate due
to cultural monitoring frameworkbeing grounded ira separateknowledge system. Any absence of
correlation does not invalidateither approach,andthey should beviewedascomplementarywith
separate values and aduatagesA key advantage aultural monitoringapproachess throughgiving
an2NRA 3INBFGIGSNI ISy oOe ALY O2yNdI2NNE yiV§HAG FYEn Y 23NE G/EANR yi
andcultural monitoring approachagcogniseshe plurality of knowledge systemisicreasing tangata
whenua involvement in both the decisianaking process and the application of freshwater
management leads to the expansion of both knowledge systems, which will ultimately lead to

improved outcomes in freshwater management.
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Appendix |- eDNAbiodiversity

eDNAbiodiversity wheed detailing the range of terrestrial and aquatic organisiietected at each

site in the Kuratau catchment.
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Figure31 Site 5 Kuratau River Headwater
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