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Abstract

Sedi menaéasitg misftirceasnstor i n streams and rivers gl
paradigm posits that human activities have gr ¢
net wor ks aunsde st hhaetadlianngd t o i ncr eas ede braemku letred i
| arge quantities of fine sedi ment being depoc
conversion from native droamdétyi daoalcpaasedati agr
| oads, making deposited fsitmessodi mehmtt ORI | .
ecosystem health. Consequently, DFS is an i mp
St at ement for Freshwaterunkamagemeéemnts202Mmai KMo
monitor the,amfdf evdnpashco 5 ODkE et gpes| amde on str
i n addtihte oand vieor se i nfluence of sedimentation.

Il n my,Istswudyweyed 24 stream situsxe dlylpesat(endate w
pastor al agricujet.ugr.e,kianidf rhuartt iocruclhtaurrdes ) I n t
measur ed hahbintcdtudgangd iDbFaSmelsed stream macr oi nv
at each site. Using macroinvertebr at eb adsaetda , I
metrics as indicators afseedypyest enm huesaeldt ha aw:
including the Muamrurnoitnyv elrritckedx a¢ MCIC)o an,d hiet s g
QMCI , the Average Score Per Menteri igcht e ASPRNd)ani 1
abundamcésadi ng facets of functional diversity

I found thasekbgmanvebhpdrebmubheaeédhed by great
MCI QMCI , and ASPM scores. Although DFS exp
macroinvertebrate communities in pastoral an
bet ween native f or esnotanac choournttiecdul ftaurr abby sDF 8 ¢
declines in ea@ddsgywyutnedm thheastp esbe diilmenmacr oi nvert
( sedidmeecnrtéda sweerrse t he best indicato€enbfabDy¥ St om
predictioms$ndl tdatd hobcsiooagl Wyvedwde uswar
although sever al key traits respondedatliot itése
i nvol vmumgbdarheof reprodaatdi wei pwelsdpsonpmersli ys& aron
DFS and | and use, indicating potentoél t meshal
stresmsomacroinvertebrate communities



My study poitmot scotna itnhueo unsd egd mfainrmg es ¢ hhiemae retp oism t
help mitigate the adverse effects of human | a
r ot efaitne sedi ment and ot her st rpelsasyorisn atshseo cdieagtt
of streamsi nectolsey sTaeursanQauaHain bgumgbasainad. use

(LULC) attributes wusing geospati al tool s wil
catchment properti @tse ameAsdpdoancsreosh.ahv eyt eb ssues

syndromaeaddasnd dat abansceineushitct obei atdruensdseerds ttan db gt
me c h anisbteit evsepeenamiafciroc i n vterratietbsrnaeinesle d i me n t
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Figures

Figure 1 a) The location of the 24 study sites in the Te Awanui/Tauranga Harbour catchment area. Dark
green labels indicate native forest land use. Yellow labels indicate pastoral land use and light/lime green
labels indicate horticultural landeb ) The study | ocation in relatio

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 2.Changes in key environmental indicators across streams in three loceiddypes in the Te
Awanui/Tauranga Harbour basin. a) ldgitnsformed deposited fine sediment (%) on the stream bed; b)
log-transformed concentrations of nitrate nitrogen (noyfjparian habitat integrity indicated by the
Riparian Condition Inde; and d) squanet transformed flow velocities (m/s). All indicators are

/////////////////

Figure 3. The substrate composition of a) native forest streams, b) pastoral streams, ) horticultural streams
and d) overall. Substrate composition was measured using the SAM3 method (Wolmaréwéalk) .58

Figure 4. Non-metric multidimensional scaling (NMDS) plot of macroinvertebrate communities across
streams in three local lande types (green, native forest; khaki, pastoral; olive, horticultural) in the Te
Awanui/Tauranga Harbour basin. Indicator taxa are shgwnlbured text: green, native forest; khaki,

pastoral; brown, pastoral and horticultural. Taxa in the grey text are the ten most abundant found across all

,,,,,,,

Figure5.Box pl ot s showing the (a) total abundance, (|
macroinvertebrates sampled across 24 sites in the Te Awanui catchment (Bay of Plenty). hugml land

//////////////////

Figure6.Bar chart shows the (a) total abundance, (b)
macroinvertebrates sampled across 24 sites in the Te Awanui catchment (Bay of Plenty). haszl land

,,,,,,,,,,,,,,,,,,

Figure 7. The top ten most abundant stream macroinvertebrate taxa at sites sampled in the Te Awanui
catchment: a) overall, b) in native forest streams, c¢) pastoral streams and d) horticulturél stréangb .

Figure 8. Macroinvertebrate indices from stream sites in the Te Awanui/Tauranga Harbour basin. a) the
Macroinvertebrate Community Index, and b) its quantitative equivalent, the QMCI; c¢) the Average Score
Per Metric (APSM) index, including its constituent indiceBEY taxa richness, and e) EPT relative
abundance. Indices are ranked from highest to lowest, and the loaaédapge is indicated. The

horizontal lines indicate the biocriteria stated in the IRWSthe dotted lines indicate bandsCAthe std

line indicates a D status or below the national bottom line. Care is needed to interpret this data since it
reflects only one sampling date and not the median values of five years of sampling required in the NPS

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 9.Changes in key macroinvertebrate indicators across streams in three lagsé lymebs in the Te
Awanui/Tauranga Harbour basin. a) Macroinvertebrate Community Index (QMCI), b) Quantitative
macroinvertebrate Community Index (MCI), c) EPT relative abuwsd@EPT Abundance), d) EPT taxa

,,,,,,,,,,,,



Figure 10.Boxplots of the changes in sedimspecific macroinvertebrate indicators across streams in
threelocallandi se types in the Te Awanui/ Tauranga Harbo

sz 7 7 £z £ £ £ L L LA

richness, and b) % sédéméatéeédeéeéasdéeésodiz2abunda

Figure 11.Barcharts of the changes in sedirgpgcific macroinvertebrate indicators across streams in
threelocallandi s e types in the Te Awanui/ Tauranga Harbo
abundances and b) % s eédé émeeénét é édédéeéeéréebaésée&rés® t ax a

Figure 12.Boxplots of the changes in sedimspecific macroinvertebrate indicators across streams in

threelocallandi s e types in the Te Awanui/ Tauranga Harbo
richness, and b) % séeadtiéndecnété é0éi énécéréecadseeérédé . @Bbundan
Figure 13.Barcharts of the changes in sedirgpgcific macroinvertebrate indicators across streams in

threelocallandi se types in the Te Awanui/ Tauranga Harbo
richness, and b) % séeddéiénéecnété eGéiénécéréetagseecrede . Bbundan

Figure 14.Linear regressions showing the relationships between Deposited Fine Sediment (DFS) and a)
QMCI, b) MCI, ¢) (logit) EPT abundance, d) EPT Richness and €) ASPM in the Te Awanui/Tauranga

//////
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Figure 17.Boxplots of the changes in functional diversity metrics across streams in three legakland
types (native forest, pastoral, horticultural) in the Te Awanui/Tauranga Harbour basin. a) Functional
richness, b) Functional evenness, c) Functional Diverganftenctional dispersion, B a o ¢ éQ03

Figure 18.Barchart of the changes in functional diversity metrics ranked from highest to lowest across
streams in three local lande types (native forest, pastoral, horticultural) in the Te Awanui/Tauranga
Harbour basin. a) Functional richness, b) Functionahes=n c) Functional Divergence, d) functional

rrrrrrrrrrrrrrrrrrrrrrrr

dispersione) Réeée@ése é@éécéécécéecéeéeéécéecéeéeée.l104

Figure 19.Linear regression plots displaying the relationship between Deposited Fine Sedimeah(DFS)
a) Functional richness, b) Functional evenness, c) Functional divergence, d) Functional dispersion & €)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 20.Boxplots of the changes in the Community Weighted Mean (CWM) abundance of the
modal ities of the trait &6 mausetypesatiyefotest pastaorah| si ze
horticultural) in the Te Awanui/Tauranga Harbour basin. a) sizeizd®), ¢) size3, d) size4, e) sie5109

Figure 21.Changes in the Community Weighted Mean (CWM) abundance of the modalities of the trait
6body fl exibil i iusetypea(catvefsrest, pastonaleharticultucal) imthe Té a n d
Awanui/Tauranga Harbour basin. a) noflex, b) lowflex, c)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 22.Boxplots of the changes in the Community Weighted Mean (CWM) abundance of the
modal i ties of the trait 0-bsetpes (fatveforét pastora,loss t hr e
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horticultural) in the Te Awanui/Tauranga Harbour basin. a) streamlined, b) flattened, c) cylindrical, d)

//////////////////////////////////

Figure 23.Boxplots of the changes in the Community Weighted Mean (CWM) abundance of the
modal ities of the trait o6érespiration of-usequatic
types (native forest, pastoral, horticultural) in the Te Aw&auranga Harbour basin. a) tegument, b) gill,

///////////////////////////////

Figure 24.Boxplots of the changes in the Community Weighted Mean (CWM) abundance of the
modal ities of the trait dédmaxi mum number of desc
landtuse types (native forest, pastoral, horticultural) in the Ten&iMlaauranga Harbour basin. a) descl, b)

///////////////////////////

Figure 25.Boxplots of the changes in the Community Weighted Mean (CWM) abundance of the
modal ities of the trait dédmaxi mum number -of repr
use types (native forest, pastoral, horticultural) in the Te Awanusiiga Harbour basin. a) semi, b) univ,

/////////////////////////////////////

Figure 26.Boxplots of the changes in the Community Weighted Mean (CWM) abundance of the
modal ities of the trait O6number of repwseductive
types (native forest, pastoral, horticultural) in the Te AwanuiéFaa Harbour basin. a) CPI, b)

//////////////////////////////////////

Figure 27.Boxplots of the changes in the Community Weighted Mean (CWM) abundance of the
modal ities of the trait 0Il-usdtyes(hativeforest, pastorah f adul t

,,,,,,

Figure 28.Boxplots of the changes in the Community Weighted Mean (CWM) abundance of the
modal ities of the trait o6ér epr o-dsatypes(natvefdrestc hni que
pastoral, horticultural) in the Te Awanui/Tauranga Harbour basgingle, b) herma, c) twoé é é .124

Figure 29.Boxplots of the changes in the Community Weighted Mean (CWM) abundance of the trait
Ooviposition sitesd -useyes (natite foress, pastaral, roricaltura)intheTe | o c

///////

Figure 30.Boxplots of the changes in the Community Weighted Mean (CWM) abundance of the trait
6egg/ egg mass 6 mo d ausetypes mative forest, past@al, hoficulteral) intheTea | | a

,,,,,,,,,

Figure 31.Boxplots of the changes in the Community Weighted Mean (CWM) abundances of the trait
6aquatic stageso6 moubatypesinatieedorest, pastara, Bortidultural)engéhe Teo ¢ a |

///////////

Figure 32.Boxplots of the changes in the Community Weighted Mean (CWM) abundance of the
modal ities of the trait O0di ssemina-tsetgpes(ptved ent i a
forest, pastoral, horticultural) in the Te Awanui/Taurangdétarbasin. a) disslow, b) dissmedium, c)

///////////////////////////////////

Figure 33.Boxplots of the changes in the Community Weighted Mean (CWM) abundance of the
modal i ties of the trait dédattachment to substrat

7



landtuse types (native forest, pastoral, horticultural) in the Te Awanui/Tauranga Harbour basin. a)

/////////////////////

Figure 34.Boxplots of the changes in the Community Weighted Mean (CWM) abundance of the
modal ities of the trait of asdpes(gativefardst pasto@, acr os s
horticultural) in the Te Awanui/Tauranga Harbour basin. a) shrdoldscraper, ¢) deposit, d) filterfeed, e)

///////////////////////////////

Figure 35.Boxplots of the changes in the Community Weighted Mean (CWM) abundance of the
modal ities of the trait o6édi edsetypes (mivefdrestypastorale s 6 a
horticultural) in the Te Awanui/Tauranga Harbour basinpeyialist, b) moderatespe, ¢) geneglistL39

Figure 36. The relationship betwe®FS andhe modalites ofthe r ai t &ébody fl exi bil it

////////////

Figure 37. The relationship betwe®FSand he modal i ti es of the trait o6t
Awanui/Tauranga Harbour basin. a) flattened, b) cylindrical, c) spherical, d) streandinec € é 143

Figure 39 The relationship betwe®@FSand he trait Orespiration of agqgua
modalities in the Te Awanui/Tauranga Harbour basin. a) tegument, B)mdisitond) aeriaé € . 144 .

Figure 40 The relationship betwe®@FSand he modal i ti es of the trait Or
per reproductive cycled in the Te Awanui/ Taur an

////////////////////////////////////

Figure 41 The relationship betwe®FSand he modal i ti es of the trait or
cycles per yeard in the Te Awanuékbkéaeéeear4pa Har b

Figure 42 The relationship betwe®FSand he modal i ti es of the trait o6r

individual 6 in the Te Awan Bié/éTéadleréaéregae éHa47bour b

Figure 43 The relationship betwe®@FSand he modal i ti es of the trait oI

///////////

Figure 44. The relationship betwe®@FSand he tr ait O6reproductive techni

,,,,,,,,,,,,,

Figure 45 The relationship betwe@®FSand he tr ait O6ovi position sitesb®
Awanui/Tauranga Harbour basin. a) surface, b) submerged, c) terrestrial, d) @ggendoé € é 150

Figure 46. The relationship betwed®FSand he tr ait O0egg/ egg massdé6 modal
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Figure 47. The relationship betwed®FSand he tr ait O0egg/ egg massd6 modal
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Figure 48 The relationship betwed®@FSand he trait O0egg/ egg massd modal
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Figure 49 The relationship betwe®@FSand he trait O0egg/ egg massodé modal
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Figure 50. The relationship betwe®@FSand he modal i ti es of the trait o6f
Awanui/Tauranga Harbour basin. a) shredder, b) scraper, c) deposit, d) filterfeed, e) predatar,fpalgalp

Figure 51 The relationship betwe@®FSand he tr ait oO0di etary preferences:c
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1 Chaptekentdoducti on

1. 1 mportance of freshwater ecosystems

Freshwat erareec opsryosimaeamsdlayNe w . Theeayl easnisde nt i a l i n su
biodivepsobobvydandul ti pl enecomppescemgseonates cul
econounsigcdhepart ment of Co rHoevmewatri, o nNe w2 02e3a | and
ecosystems mmeps e@sfsrear® lacmani a meshe perilod 201
al mowtwbhi rds of oeEceslhwaees dwe rNeeoM oZgeiad alnl y ¢ omp
when complag edattioonal Obj egtuiidel Fmamewd ules( NOE
Zeal and National Policy Stad2otmefmMpLsAWA , F r2e0s2h3vba;
"NPFSM 20M0deMlaedoi nvertebrate )Cosmmureist y nldn ceax
of New ZLealbaamigdsh i s i n tam@, NOEfbandsngf mG@der
ecol ogical LAWAai.DaR&B b el eass#uri nFrtehnsehéw at@er0t 2 0 2
an@Environment 6And @y ®hh € OMi2ni st r yi fdiwhaathee hBEB VI
caused this wid(eMipnriesatdr yd efgorra dtahte oEAnvi r onment |,
Environment.M&nNEpr2@dz26)tes with a | ow median
of D aagdehdémeaapproxi matet gl @didcegohas hbeen modi
humansAWA, 2Mh23BlBgt athiissti ¢ clearly indicates th
|l eading cause of decline in the ecolleosgsi ccadr thaei
i wh&ty stressors or acrdembnighatsi degofadati essor s

1. 2Human i mpacdsoDyNstseameam

l nternationalll vy, tulse si mma cstt refa mh lemars ylsd mans i ¢
2004 )he principal mechani s ms by whi ch |l and L
sedi mentati on, nutrient enri chment, cont ami na
ri parian vegetation, and the | oss of | arge wo

10



1. 2Sé&di mentati on

Al t hough sediment is a natural kgeohagdean c o mj
contribute excessive amounts of sedi many whe
adve ref (f Rlcltasn Se d2iOnbedn)t at i on negatovebywems adchg

andl tering hleeé e mppd g &neanidthgi bci t at s, muMhti ncghy el a v e

i mpl i c aatqgi uoantsi cfsdonmr gwatnd sanf f i nealicrmursga maddved 8 shinraé
efflegtdirectdguatmpa daeAil g ann,s n2sO 0 4)

Firstldy ment erosion and rundbti hoceasasde $hep:
particle ,cdmewateant Shamw t& Ri c hBhdisminni 20é&d )wa
clacanymake it difficult for aquatic psrugcahni s m:¢
asoragmangng ampdeesaRodoweg & Dean, 1998)

Sedi ment at i oni galts operneecbucagtsisomeamds water col ur
tur b(l Mavwlyelsl ey eidThals. resu92)s in a decrease 1in
inhibition of photosynthesis by macrophytes a
produaxccadwrns decreases signifi canup yt reonpohuigch,c ai st
reducing the abundance and divefO@smynosomregtan
2002)

Sedi mentation can also cause direct p(hAYsiamal l
2004)The abrasive proper t(iFrsanocfo esuerd i &mrebhitg gcsamne 2s
injury to invertebratesSMcHKenzhi,e aentdF aahnep,hs da A
particl es gddndofc aaugpleattihe organi sms such as fis
cl ogged, i mpaprrragiLoend yh i IAIDBY2t) i & reaeldli yn,g foirlgtaenri
such as freshwater mussels are also affected
(ForGresen & CyiSed2®m23) ation can also i mpact r
i mpeding the porosity( Wofodgr& vVAelIns tvalger, e 1f9i9s7/h s

Sedi ment cdaspwmogahriatieognr ade str dgmbediififibmgat s uns,
anidnt ersotaicteisali n( Burad’ren eiTehdlsa b i, t 210 1B grgerdaudcaet i o n
availability of suitable habitat space for mac
Al s o, the availability of suitable streambed
peri phytonex godrdhiadiiadgnysge i mémthatbhigseadut heg

avail abl eprhianhartyat pArdaddru d foinmmdrl ysubstrahsesaltialni ti
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during hi gheddoessadasgdr dtue t her contributing t
availafbiduittyabl €eAhladnt a2084¢pnce

The | mpadcitmemtfatsi on can cause the |l oss pf mac]
such as those belB®bmhga magr(ompatyetrhaee D) dePheddpteass) a
Trich¢opaddacsonmmoensl)y, known (aBsurtdloen [ERATS atha xrae2 @1 8
t hese sensrietpil\yagp etda xuad | adrreegsratc h  tarsu d@bhdell o mgi ng t o
order @OAlpltem,a 2004; My s | iitshkeir & i Gihn sabnudr gma clr 907
sensitive to sedi neAntlatni,omr 0mMady, avyssd ilnes klio s& Gi

The effects of sedi mentation are often cumul &
usually affected through the fre(Quaekd, ThHRiQA0 G )ma |
Or a-mppPpe di s aeuvrebnatnucaeh by netfeflescee s t o become mor e

the accumul ati on hef asadiimgnto f ®@xacesadhs amr oces s

when stream assimil,atmiaye | e afol a dsmeadn amesn t eaxtci eoend eid
making it di fifdiocnilnta nttw nd tidiledngbsiragsfyof veebrt vdhied Imo gi c a l
c ommu n(iBtuiredson et al ., 2013)

1. 2NBtrient enri chment

Nutrient enri chment within streams and rive
agricul-teeal hBahd gy caht edwtsrsaotl ivoenshsi tonfe@igln i c

andi ssol vepdh orsepahcBtRBvee ent er -da fhfe md wn iang umeavy pe
(Al'l an,An2004é4pogengennmay al so enter streams
(Burdon etNudlri,en20®23)i chment negat itvhetl dywgahf f e
proliferation of periphyton and daumnélutli/plne a
adve resftfhercaussgh e UtSrmophhi ceat iadn , 2006)

Nutrient ocearrapcihddeyntaccel erate the growth of

macr oppegtlete salcsaouasceangni fi cant i ncrease in pri.
|l eading to an o\pdraeapieugnideashdt ® & f Shiaetsel 2dBGat i o
al gcasen cause a significant shift or ganihemsc ofmme
poll-séensntive taxalterosnapeceas ethatchmdht aand

20QWnder eutrophic condit i pdens eptema tpshymmtnh egrr ¢
degrade beddtAhil anfTaR®©® 6 4)raapsi dclayn depl et e di ssol
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within stretahr ccucghs yrsd £pnisr at { hl and Al @ thdmnpmds iatl
and macpoplytces oxygen through photlheyeat phbesmar
producers can deplete the quant(iWiyl coofc ko x& gNeang
200Al)sacs, sptraamrdough natur al means, talngge qua
deposittsetdr eailinhbiesd .c r eRit elso gai dalg hOx y gdeure D eomda rhce (hE
rate ani cwhoiocrhgani smsdeoompmei ogy g B nDso dadrsg a n2i0cO 6n
These i mpacts may be particularl pundlaevaatwvaih
| i glotes not ' i mi(tYuphpHa@geBkheshydroliongil wali ngv e
movement and smdymenmi scobheie@afgf ects of nutrier

temperature) on primary pr(ddwntcioemnuramd B3 tgrgesag m

1.2C8ntaminant poll uti

Humadmandsean al so poseocoasotrkeam srtoBgshemm of co
poll Al banBe20dedoVenbddesr odndacp,otomomdpyaut@ant s
such as (peelg.i,wii diede s, f uhgihceiadveyas nrdeitoaklleseit ¢ al 8§ e
camegati vet yeamf eicro swart idolssi Iwanyasnn & Li ess, 20:

Contaminant pol | utsbomne'nssi ma iareiedpeeicic ¢edsep €etcodr ma
altered behaviour due to sulfFéekegkerektt e@bs, 02
concentratiaong ntteoxfieme® wistulthag@satmacroi ggarird mg

speenhd®crine and nrSeurcvhousntseyrsfteemesnce can i mpair
rates and ability t o progress thrbegbdt bgke
macroinveraalifaricomi angyg atgeat emtvr ioao(@ielnan., 20014

Aquatic organisms can exhibit behavi,sucéal asha
avoidance. For example, macroinvertebrate drif
causing them t ¢ Ambaal, d@Widgdheeamoncentrations,
potential to decrease the survival ratehbp€thangq
is highlighted by the numerous studies that e
50% of organisms (iknial Itmessnin g& oluipes sv,al 2101s9)

Some of these pollutaocoas, apauvmucatarig bieatiyl
on the ¢gtMabbmbeadt al ., 20B0se Spedelt ant at esen
contaminants to be ingested or passively abso
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|l each into thdeeypwrmnrdownmgdiomg twwaet em.ncentration a
cause acute or Bchaooiusnuwlddmreocthexi ns are absorb
body throughout iits | i fceasnpathGCowdd yceoart i & uMd Negi le
| f the frequency of exposure and or concentr
bi omagn,tfhiec aptrioocness i n which the concentratior
incr e8&sedel etnadt herl 9®d 1) dso c cbuirosmawhenrs i paebsen
organi sms at | ower trophi catliegrhedrs tarrcep htirca nise
consumption, preesdud &tadrnegg itnh ea pheixghest concentrat

Cont aminndauncted changes i n, banhdavproadat icoonmpgerta ztiir
speaibann'dances or comMmubeeggrcetmmpakbioxi @ @®3I)Yf ect s

to eliminate secondary consumers, a trophic c:
due to the | oss of gradiFhgegregakitesmd .it, h®RiO0OB89 h s
medi ated through biotic interaction may enhan

effects.

1. 2H¢drol ogioal alteratio

Human | ard auvsfefseicteam ecosystems v{(iAl hgdroko06g#u
Changes in dhaiomade hpoednttfeirdresh itoconstructi on, wa
and chanoahi ahtieomt ue gionfdé dsot\rPoafnfs et.Fhobw, i 4§99
consigddemmast eaf vfactabbemul tiple str gamhleamags Y2Dt0e
Poff et. al ., 1997)

The altered balance bet weemc i @mgcéast cehmde netv d paontdr
casigntfFycanter st{rAé¢ dmn. hiyh@0d@ldo)sgsy o f woody ve
repl acementoiiwmp ér spuacsiinsaciesea tcean run of f the | ani
i ncr efadsoiondg magni tudd | amyAIR0@,guiemegr (i ous surf a
from infiltraatng sofbamidemgbwi aitthbded 9 of veget e
t he oreavtaegpot r ains pi eldatstswchi nf i | tration can reduce
| ower b asslel afnl)BwDdD(@dw i s defined as t hteweseunst ai
precipit atniod h ega ctruiankaifntelcda s emigbl ewcessi ve water ¢
agricul tuwhicpuswgpbees from the stream(fAdstaar t
2004)
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Changes to catchiméetr bkhWwdnolkobdgynec anhgt la gy c ;= ndf
strgaPmsf et al ., 1.9n9c7r ;e aVBoekbdainredt m @afdfs ¢ Rt0rlebgd m er
al thgrdr ogeomor phol ogy, and | eadAltloan,Ba2od4e)si l
flooding eeesneéndlipad laiyn ammai nt ai ni ng t hesterceoalno gi
ecosystelnmso bruitpari an ecosystems through proce
tranamar tt,he removal of contaminants.huDumen t o
activities, these Pplroxcdk srsegi meaxn maey dbesaaumd erdat
community( Celcloiver y&.DQuminnni,s h200 3f)l ows | @adi ngp s
eutrophicati on, ceace@essonéewigtiemliamieab aé@Mmnlexro,sys
2004)

These hydrol ogi cal lad b ietr att | @iego laukdtn penasde dt me
eutrophicati ¢ Al bad  Am2diph ggent bast dustupés | on
connegstuicvhi tays aaraarest e mi gr atory batikesh. tohage
mi gratory imarehirtiggscygahes, r earudteec r gedamsectaiba ndiaw €
of aquat(iFa ussgehc ieds al ., 2DWi2s Joyu & Deaparnti2Od
for New Zeal amsgeefsn eislenwdaltoemme diimsdh passage bet wee
sal twater to commpsl @the utghhai rt ol ibfee ochyicdlgea)t ory i r
six out of approxi matel(y o2 &g éDreattihg al2l0yl 39i st i

1. 2Cl5earing of rmiparian vegetatio

Huméanodskr equemgtaltyy vel y af f ebcyt rsemoevaiamgeansysgetr
significantly reducingstit wa@exr mplea@iiugacand?2 0 04
Nat urtt olel wyhaderppavi dellelbpgudtteerdames water te
(Quinn etHoaMev,enmiow9i7p)gr i an veget at ji can ,ireeaddusc etso s
el evated water tempeesrudintarienasedestsredpilcaazangugt
to mortality, impairment of their abillitfyeto |
cycdfestempemst un ¢ &8l speicn@B8BO&€d43ed | i ghldtueand ttermj
|l oss of ripari an csahna deixnagc eirnb astnea Itlh eb terfel dehcst 8i g
primary producers tdQacaomueteatessil@®87hi omass

Remowvriinpgar i ancaegethodsisora f b, a nlke asdti enlgi Itiot yi ncr e
(Al'l an, RIiOpPaAr)i anatvemg&ltlay i bal ps to stabilize s
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stability t hrough t heiermov ooy stpactane.ve goeive
instability, i ncreasing its sussceditmentlattiyont c
(Al'l anRemOOrddippgar i ancaegatbaeronrophic connect i)
terr eésbdi(ekhbasmp agne .Meetg eatla.t,i 02n® 2 2ppsrsi a@ emisutctelbsr i n
as | eaf chittemal food source (a@&hnd amabi2O0DFRher a
further chatnpteisc | 9t ysedw@grmet he detri trad !l if orotd owre
all ocht honous tienrpruetssg a nfahlce rhaotstse ro flaebaudnsd atnoc ec haanr
di stributitdhmtofusepddAidsdiftdmemdwviypggei an veget at
alter the quality and quantity of dissolved o
(Pisani etThitdacsd®2a)x heartieessdmy ,f wrmn hecobhbgecal
processes such Adsl acnar 2O 4y cl i ng

1.2T6Be | oss dof | arge woo

Anot her comengatqouieenméeande i s tl mewpkoods s s o(fAe a nasn ,
20Q04)Al t hough this is relatedthe Itdhses refmolvar g a
| ashegagitmpaect s ,oni rsdlirowsdsimegf habitat afdl adlaner e
2004 prgoecodwovaseabmakriftoat aquatitdhadr gcaami shhmes par |
i mportant in NEOCohl ilesd aidMabidedmagt e2@rad\V) indaetsu r
attachmerntalmgiateesi Mfweramredr rfaites. Xyl ophagous org
woqQalnd macroinvertebratesaand 61t ab breesapsrtoudsuecttiinoe
anrdef ugiHomwmtehwerl,oss oefd Bbaarbgiet awo oadndr ni che avail
organi smshidorea@nugii ny andrmaayweignatainwcdelhye asftfrect ur e
function of stteadamr gemhudmpidtuigénd t healde srupti on
altered nutnfghlelhanprac@esy

The | oss of | aalgeo wiompglggctmatetrli @dgne gwomodriphod g
structur al el amesntr etamats emhamaes capacity to s
(Al'l anTheOolodnsatafr atthiss odageaesthmeam' saabi |l ity
store saeadli mermtp and whred anhaesdou egniant ¢ r h ab i (tBai ts shoent eerto
al ., . Thas2)yeflects the influence of | arge wood
a st({Alalman, NadtOuwr)al | vy, | arge woody materi al p
contained in a stream's water f1l ow. However,
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due to the increased vetoeamybamkdvasepi on€@hni s
transport dynamics.

|l ncreased water cfaduoswe vceh aoncn etlyi zcaatni canl s(ost r ai ght
Compounding ithetskee i mpastef rleadrudcer migo s @ yalbmad ti g 1y
2004)Al ong with riparinmant ewrengapelbaesobankasgabwbb
a strong el ement that helps stabilise bank se:t
and increase s(eAllilmem,t aBdtohh ) srtarteeasmbank er osi on
negatively affect the distribution of habitat
decreasing haljiAt & a nh eTh€0 d Joesnsy i oy t¢ eam i gaaill csvoemds e

sedi mentation {(Artbaeryr dO0Watream

1. 207 her i mpacts

Ot her humamcl mgadt $ obsisoedsi vobfr ®udgehi vetroducti on
spediMayfield et al., .20RHe-seVvtiilwe daaggegtr easls.i ,ve?ll
di spl ace nbaputveomnmpetcirg them,fwech tdase fsame ard
resulting in a reduction in the diversity and
established wi(tMaiyrf iteHed ecdosayls.t,eem021; Mil ar di

Human | mpact s eaxrcel unsanta ymuatmudaelrlayct 1 n compl ex we
natur al fl ow regi me peéarasdviegrm caoboiser o$ | t hgt wht e
ecosystem functioning, p,hiynscilcuadli nlga bbiitoatti,c ai nndt
contribute to the ecological i nAegexampbé etr
onef tchoenspecsteamt ilnydmfrlecénce another can be obs
bet wedn otwh epehgyismec,d,labhtdalwat er sqguaelaiotsyy Bdfesna c a l
habitat i1indirectblyy refnfoepdansg avawteeodgtaatsnecime a s e d
erosi oinnffgimedeament i nto the watlerw avmad iianbcrl @ a syi
and exacerbate such effect®tl owsldlanmdi n2g0 0f4l; o oPdos
1997)

17



1. L armdkiempaont st reamsnaNdwr Zgaland

I n New Zabaparloapmadr,t i ons efncatlbameandapawaéobatbnl
consistently positively correlated with cont
correlated with ecOlaoagnedl| ebhzadt helP@®@dOEGRt DY SL
Wat er A(lAWA diasp!l ayeoagl dgienals hMG@I tHdaroaehs theor
perR206@26021 providesifmurt htetreh adnf Shheapdmé di f i améi ons
having on strpepabBbeact(aaeAt,en2s02 1 App023bmately 80
toring sitelsamd twsd efdaalitim oviats i idb qtiéNcé)i ve Fu
d am@aCong with 50% of 49 siutsees asnidt u7a8t% do fi nt
situated useuLAWAM2U)andcqgommplay i spmr oxi mately 30
u
u

mo n
ban
situated -usenéatl Vewi & hdaan.Thoe pN @Fs ibdaen o uorft hGer ¢
resul ts, native vegetation comprises 48% of N
pastorwmde,l ammxdoti c forests comprise 5% and ur
comparing these ftriemfuleasc wittahn etchoesepsr oappoprar ent t
humamodi fliaemdl e tcyops i se a small er artehae yt haarne
significheagr.gydetdrse rei nforces that anthropoger

ecol ogical degradation i(nL AWVAW 2dRI1an ® 02t3rbg a ms

These results have Resaptulslk iyl ¢ d & atdoh ew ornrasteino n a
tr enadr MCI slcOo rydfesacgoay £r0 12 t o 2021 show a decl

within the NOF band of A and B and an increa
( LAWA, 2020ne 22 B3N contri butusre tionttemibd Ehealtii
involves increasing the intensity and or freqg

increasing stock numbers (tMo nersharycdé otrhe hlea rEd &
2023, Ministry for the Environment & .NEw 2020
Zeal andb6s watewerqeuadlidgygelcyhammggesci ated with th
pastoral, @odraindafabtr pmamlss@Bdel der et al ., 2022)

TheMi ni stry for drmreuE&nvenmwinm@omméebBt as hbpwaper d20 2 3
key statistics higuhdda gihrtti eirgs itNhdee aZdsdneanwf vy | Ao d
EnvironmentNegw2@d238) and had one of the highest

i n Grhgeani zation for Economic Coopebat weenarrd 1B
an2022peci ffircda 96/, t opp2rOX3 gMra®A ¥ hectares of e
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shifted from bepirnogd ucclianggs otflou ehdingghs | o wc @amop &rsi s o
of pirgogluci ng gaarswdratngd wewm el aogy. The number of
increased by @h#@MOhdet weahl 1B§6by onlyfbowmbggoQnR
t o 2t0hle9 ar ea ofsiigmi ifignactaeedalspeadn doy 91% (384, 000
with 73% of the increase r,ératédand daigeyabébe
9% to sheephandt iddesetf h s gphrl d mihrod ntcteke r-use i n
intensi ficati(oMi nins tNreyw fZoeraltalmmed Envi r onment , 2C

1. Assessment of stream ecosystem health

Theeteriorati owordfd weaicos|ywsdwenzpe h dcarnedé, thed need f o
effective environnmneey al o peoeoistty csot fienmgd hagradtatdth < a n

be used Cwisdealnza & .MagétaunzaclHAaBP)PpPEdy pdadtai ca

conceptual offrr ame wocoksayrsd iellmMgeheecad grhi.s e tbatewhi |
ofcoesystem health represents a desired endpoi
adaptive, ongoing tdidafsComstamneanfddd2@dglsts meon def
ecol ogi ¢ al abbvalygrhes conduci ve ocarchvapphimeablaé m
They debiongi cacompalethenass va, muhl it el rsacnael bes, o adey n a
of system virgawileaitd Pegiclkei ence refsrsabidi ap
mai nt argahnt(satrivacmdu ) undtni aore)sdgobeseMhamee ar e

twprinmepal cecobyateesmdsi ence. Tthiee f ma gna tnuedter i
di sturbancan ecosysesimstlame epadauared metri c i s
in which an ecosystem c(arne cro®eawarcofrpomadai dg s i
among other fact erass (ClobsbtBamifztaiecamsy vtbegno dide al t h
acknowl eduwletsi plheataspects contributd Ctoetamzac &S
Mageau, 1999)

Ecosystem health c¢oncWepsttse rhna vter aad istoi atnasn.o eldnt t Noe
ofecol ogi cal guhedaelst ht hteh ait mpl ement ati on of t he
Freshwater MaingaglelmedMaTeaOBRur u et al ., 2022;

200Bhis itsergm o dmAdbe Mriin (t he MUori e ovoogdidsvd £ wi h e
i mportance of <c¢l ean, heal t hy water fmpl ipciot ley,
Te Mana oeflTler Vamipoortvlmeloe@t i ngapphodadclst wben mart
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freshwat erbyrclosywlteidasao mml exddrynecntdi ons with | a
Anot her compliedéepit ee g Ad idrmik Tiesut,avhkicht airansl at
drom t he mouhd(t\aiirnesn st,olp2tioheede)s ®lak e e n aa of o patneedw oa K
forrecagmias er' s compl eaxs iidtd wefimlaacvihse ofpraotnt hintesnt u p |
sour ces 1tKo tuhtea Ickooa sttaif | ects a ho(stsewar dohimp)o
recoegnhies jwair newakesi)tmiJt Uwandpawernrshe tai Upure
fishingtgattaumadpmpoadt ©f dmardy gat hef Vhgehst ®Oa
Both pr(TecMphas ankie Wahai nkciortpidimatr atbg a b M
knowl edgMe)sta&ma & ci esi htCiec aesocpoescytissti eeamdotend lyt b e
guantbiystealbl | sthuetd sho otohgep i r i t u al andmpaoaid tamnmt@l t
MUofRuru et al., 2022TheédReisp aMB&mwdeundeyt aRe06) e
bi omonitor i ngulatnur aslefey alddesst | n h & B eo$ endoanpi ptrooraicnhe
tools that explicitly characterise ecosystem
2006) .

Bioassesgmmemsarticul arly effkereosiysteaadeinatt mqpmov
physical, chemical, and biol ogiecaoll oge @aalr & me
(Costanza & Mageau, 1999; Jha et .all.n, a20r2e2v;i el
freshwater and O68Btruami red bée Of diruedstt Iréo)ng bi as t o
fish and macroinvertenate scampanndabuprnmaedt con
i bi oass.esGimamutman i nmgpcacstyss toenmis e ya odbwrl dryg need f

devel opmentanof aedidfuermedtndvedq iCoorsg anza & Mageau, 1
1992; Gray et al., 2014, Holt & Miller, 2010;
et al.The20alcecjur acy of a biomonitorindg Ftadhali gd erp
1992, Makiol.aTheaxccalracy2@2a®d) be significantly

bi omoni appli ngd eadtp &ttheenpma rafl kfashr i g, 1992; Jacks
Maki ol a etDr a gy se2c002 )gi c al d e gr cildeact a wsne noaryg agnoi
respond to disturbanclese(ad adk sdonf feetr eanlt. ,scald 21
2012)

Biomonitoring magpprhhppa@nebcaerdt e ang ecqaaphtt usrcep | e
ecol ogi cal degr érdeastpstons Eaanhdr iogr,g aln9i 9s2ms Maki ol a e
et al.As 2d01%)rs of ecol pglitat mpegondamani sn( sug

cainnfl uence an ecosyahdmtewmppopr ahr g oa g asema ti tf ayi
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maxi mum extent they holandmfil twwemardgFanhiesingg n 19O
Krajenbrink et al ., 2022; Villeneu®peatetalala.n,d
tempor al g dred eismuho&xtde stvu I baacncouer at eiltgyd tapt i1 e
on an edbdaudlyssctadne,s bel ow thi  Famaaxiggumlé&OLentlaw
2021; Shel ddmipgto bdle.m hrAa@@Id¥t er mi ni ng the optin
can be difficul-¢on e x(p\eamksiiovlea, .¢honwde & me2 TdHh) e x t

myst uldyhsaeleect ed the most appropriate spatial

of ecol ogi cal degradation by ¢ekakiaoalagetan ahn
Villeneuve et al ., 2018; Waite, 2013)

Annual sampling is the most appropriian eNdvw mpo
Zeal(aGldapcott et al ., 2017; Harding et al ., 2

Storey & Quinn, 2011.;T hWisn tiwsnafioour mg eest® mealt.i,o n1 % 8
and seasoné&FakrmrgabibbBely Storey & Qui Am, 201
oo garmi sgpener agdebnnehd@mes age i ntaer valdi lve tdwmé@aén s b
of fsgpFialmg i .$eabdDNA) nt &ai sabdbdftierkddern ssence or ab
of a macr oi nvaecrrtoesbsr asteea ssopnesc ideudei $ Do it P(ePtad rreeys p €
& Quinn, 2011; Winterbourn et al ., 1981)

As most New Zealand macveoanvaveebhgetngeengeat es

means that this is the most{ iatppcaprures t Renpaq
responsedvyexnaichiot mddbertebrate communities in r
the prec(eddamrgi gy,ealr992; Stark etAlago, RO&WIi;obs o
(Harding et al ., 20009; Stark et al ., 2001;

Wi nterbournhavwe ashqwnl 9t8Hrgatc rdbeaw vE2e dledbnm it e comr
littl e seasdrhali rv asrmiexh Elsist@y mip sex pbandiadd by t
Neweal and macroimmuern tt b rcasimey es istiigonni fi cantly i

changes in their et rhvainr otnhnoesnet ad a ucsoendd iSityio o #g/a S8 n
Qui nn, 2011; Wi ntTehrilsoudrimdatngali.s, rld &qfgdewed by
Zealsatnrdkeam insects have, btaad hebdiag neqber d

posssl exi bl e, poorly ®Samikhirtnii s efda d ti drresmiohuaavt e r b
i mportance in the shaping 60W Newr Zeat.Alpdt sal e
Zeal and macroinverhiebtrany papttcerss hatvaet |afe f|
to be present andl Isamphsedndvih adniinofgglndildgn ce@eCci es
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composition being mbaegliskéehytheirueneéedolbyen
caused seas(Phtadrewmr& aQuioms, 2011; Wi nterbourn

Previous sthodviheas IKea vdeDadihe he most sapaptrioaplr i sad el
sampnaer oi nviertletbeade sadyi sothurtblaemce amdhomompegent
st rangescroe gisrat i anla ystcHasd etbhoe sdabserve changes i n |
community ddmpoesiettiiloret al ., 1986 ; Harding, 19

Streeaxitha t ghemoghp hol ogi cdad etviaeriiearbairlcilhtiywdeamndrraintdi ¢
natuKiet zpatrick et al,,btd®9B8poaPeeaphssgstyam. i s
defi nedimts dtdHred slslel | Hewewaér , tNO®8&Ypl icitly acc
stream size (i . dedekxalceehghhelof wiadaght)rbeea md eryeearcni n
mul tiplying i tlsenigettthiweede nwiochteh b(atntke tios catnrow thtehr t a
watkey) cons2tamar wifng et al ., .T2Mi0L ; cvedrisshtiodsnetat t a l
account céfxamr abtileantgt & meandering st r ®iamuonsiigthyt
(wavel)ewhgitchh scal es, witthhi s o thres armeiascthe psraeaspd netdst s

di fferent (Fabzpatrtgpest al ., 1998)

The reacht hsegstemppsopriate spatial bseccaaiues et 0 s
reprsasentocmmuni ty compedsimsaroshi ty bBwdi ablbodange
mi croh@bant@usn & Death, 2006; Clapcott et al
200At) a remsdlmbdealma crehabgtadtsercaqquanti ty and
reouranas sgpeat ér hsaibg ntiafti chaentter o g e n diett ye.r olfjaemieti a
i ncreasembdéeéwaifl ab |lsewpporingh ehs ,gher aldurnwdcaorsdd yan
macr oi nver t(eBbaraguw? rs p&e.tredast ha, n2aOnlabg)e meneaphbespaea
t he enfofsitcp aetnitalo ssaarpd kewmyaree@cbmpass an area |
capture the tofuea rsetpmuenasmuyddmson]| arge that san

expensi v-eoasd(n@lnaggecott et al ., 2017; Fitzpatr.i
Stark et al., 200.1; Stark & Maxted, 2007)

Ane croegii®ncharacterized by it s:meitx odedlliomgmactale n
region, rainfall, relief (Haogpieng, veEge4at Won

Harding, ARlo®®dg) snsitmiltdare regi onal boundari es
Governsmecnt &as t hewBaghotar Pl bast ¢ hderoani n ehgge elxd sinn
("Local Gover nthewevArct , SoR®d0R¢gi opwrl mikcionp b e i
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regsi(liHmar di ng, 1994 ) thuFogc wp iesva@Gceni E@ant e€€oast

ABanks Peninsul atheilAiSpht@eumt AY. pesmedgBl mmd en g,
may be the most opti mal spati al scale to ob:
composadgiion captures a girganfrcpapira&lseheatr or
geol ogy, climate, | and use)whiolnsttr i mbiuntii nmigs itrmog err
di fferent macroinvertebrate species constrair
(Harding, 1994, Li et al ., 2021; Winterbourn

Thssggeisst ieovdi dienr de MgwH{ dd®Ont i,i nedNewh&atal and, tI
assembl age of a macr oiwivehri¢nerbea gaitaemonsett asctormamugl
aff ebcyt etdhe f ol |l owi ng etchoeaehofisa cotrad rcsa | wibti lgpigre ogm a
climati c,amdlradid{ Hlesred i nngsseaddally, these three
selecting only species compati bedceoewii tdlmr dhegen
1994; Li et al ., 2021; Winterbourn & Harding,

However, changes i n the assemblage of macr ol
understood when compari ng etcloe gsifeHtaa do mmy n ilt9i9els
al ., 2021; Wi nter houThmi s& iHarlkda magy s el 9Os7/sfe mb | a
environment al filtering (biogeographical even
|l i mitations become more promi Fremt ewlenp | eo mp dn
found that taxonomic di vedasrseigsiyotnhas badnnbicae
thererdominant | andoho®sei thaompaer s a(eHla rbdyi npga s t
1994, Li et al ., 2021; Winterbourn & Harding,

1. 55tream macroinvertebrates as a biomonitorin

The appropriatenessi sofstareobnggdmonietdormiyng ttsoaoalbi
ecol ogicaAdMolhedlhthi s meagnidt ecrainomleo eip@$ yieide danlov e

aguambiccoi nvdatcteli avest ebrates are found in al
the worl d. By c rcaoinnvveart ti eolnr,aad reys wavteed ddief g nedv ar t
retained byHaur5mmdpRsHowev200Q7 t his definitic
early |;itthenmmasctraogensver t ebrates can iGchindhe fine
macr oi nvsermaexbirnctaen sexeeedg ti(BHacue ri n& IReeisthhe 2007
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| argestt axeanro Neéeevd Zeal ankiby/fergthiwBheangplydps
sp.) .

There &fr®peoviees of macroi nverkelbamdidrdagnwtiadetainn
or de&Erppdhhremer opt er ar, i cPhloepctoeprtae,r aDi ptaea a, MEPpaleopt e
Crasta, Mol | usciay h®ll migntches §Gmnd@i @gllr el elad . |,
EphemeropteralriPtlecpPeErfaaxandare the orders m
bi omonduertogtheir highCdeampsiottitvietty atla , p &1011urt;
Star k & MabDuteed,o0 2hC7)degradation of26ewf ZHawan
Zeal andbs macr hidaveonebdr aadritdichasigat emeldoirger ed
at as skf( GOli8hger .CGft tahle. ,1 7270 1T8h)r e a t4e8n ewle raen dl iAstt

as Nationally Critical, 14 as Nationally Endail
and 89 as NatgGahl pwgbncemmah., 2018)

Macroinvertebrabesi adea satne sesfiffregc ttivee ecol ogi c a
ecosyCransvet et al ., 1998; Dol ®dileey earal preg
in al most teyweplaangdt neamssansiatafipopgme b ans al resc
to higher( Wadd sawme r&s Wddbsrit eirnv Mt atoeagdy 1 nf |
changes i n | ocal d inosti ir o/nmemtmadk i dgn dibteimnmgex,c

bi oi ndi cwmitdbe svdrirefayi of est méssonrd 23; Menezes
Ginsburg, 1977; .Radreoiunvertt eebr.at e2s0 2a2r)e of t en
physi ochppun eaa¢hes for estimating stream heal!t
conditionst empamn dl skpaaditCdard r vet et al . , 1998; Do

Macroinvertennsateeaed!l @llhenpt ri e migf cgctlr eambgcosys:
processing various sources of all ochthonous

nutri ent sanao nttraa nnseddaartteirmg | tyh eaemfdo r| oontghietru dad rngad nl
uti(VYarenot e .@temild e s plroe8aAd) |pgormessme n ®e be used as a
t ool in any ¢€baraphi etradion 1998; Dol ®dec et
They can be used to ass¢étseamébysdlelnddbogmmoruanli thye a
organi(zsdtriycnvu(giejunrcan d nr)eso | b e nojeCossuraendza & Mag
199®%he organization of a macroinvertebrate co
species diveepriayetimadouypynanddir eaa dridegrceesent ed
by he chraensgpeonsne to e€KLbstamras&r bBageas, 1999)

24



Macr oi nv erretfefbercattievsestate ic @utrshebavicthed orrangd dcsd wasredhs it
poll andohabitatCldemec atdtateonal . , 2017; My sl ins
Maxted,Fo20®%&)ampl e, macroinvertebrates species
(mayifels Pl ex op8éstaand( Trdaddipstfaelrieeshi ghly sensiti
t husin gkheeERI, t axa vcaol nubairbnl ¢ed a¢ @am sb ® f( Cd cagpscyost tt e |
et al .l,n ZomAax masitnvertebrates belonging to the
arreel ati velpoltlobDteeratnd f mdli amgance | evels to stre
presence of specific species within a stream

howegr ad(e@lsapcott. et al ., 2017)

Macroinvert elbprhaytseéascal nt ecghreantiec al , and biologic
determine edqdChywgtverh tedaalatth , 1DOMWi8s, dVefnfeezreesn ced I
sever al wedkreehsesde sc ailn i ndi catoral,ssucdhedst avam
stream eCOGbygstemmset al ., W8O8, dlekeu teg meéaylt.s, :

refedleaznges over a Boml éxammpemnmaentsalal grocesses
a short tenupconr aals, csacnanlkeegb & wat eovgquakumyalye o, c
ph yce-c hemi c all I ndi c dtyonrdstchhet onl odigeieadcadhu r @ft eA n e c o ¢
wi de range ddt efrasitmoan isn tcgaggnn dt wat er qu adtihtayy me a

provicsdneapés mott i me may f ail to adequately <char a
affecting drhiecaosyswheym. it i s essenti al t o u:
environmentasd ey erd three felceocltogi ¢ al heal th of ¢
tempor alChsacravleets et al . ,. 1998, Keke et al ., 202

Hi st othealMlagxr oi nvertebrate Compmuinbdrpymomd ¢ o r ( M
metric involving the use ofClneapccrootitn veetr taelb.r,a t?2e0
200The MCI itshwa smeltevied¢ oped to i1 ndicatehasr gani
simil aoi heelsustea ar oungu dh eBiswdtrdigdi ¢ a | Monitor.i
ParBMWIPscori ng ns s ta(ClBarpictoatitn et al .T,he OMTI; iMe
an effective and invaluable tool fdiStaskezsi @
2001)It functions by assigning a pollution to
ranging from 1 (highly tolerant ofsupnonmilhugt i on)
val ue of 0e atcohl esrpaenatieessvchil uge t he tot al score by
and then mudtadceornopti dpgtovt deya final score rangi
healthexcte¢c@bDof@i ¢c(@dt ehrekalath)al ., 2001)
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However, there are somMdCIf umidrasntelnt,alt hisss uaeEBsp rma ¢
|l evel of taxonomic knowledge of New Zeal and m:
species can result in the wrong tolerance val
nval i drag s (nWa gtemen o f 20 @ )haolugh i nitially design

pol |,dtieorMMCI sitd aurgtgil feys gmwmeci f i ¢ anod | wdrakns sb egt
gener al indicator o f{ Steacrokl ,o@aoln@s®e5g)u € mp By y meintt
phenomenol ogi cal than mechani s&sitecessortsehbhat]l
(Clapcott .let @a$ . cr0ilfl) tehfatecwe vdebeddohpart mboe
successfully 1link indicatiomsderopidinfefderbeynta t m
understanding arfe srabkwsatt ete® $ofh Ytoaweoxnpemattids e

araeppl i cabl e across a broad r an;geMerfe zesv.iatonare

1. 6Functionalr etarrmaintasc roofi nsvertebr at es

An i deal bti maro nd d wird nipenct e anhad wsiangs of key
such as macronoveo-babedtesbl gy describes the
speci esO6 temaii tr o(nMerndetzietss eT hads e , aRt0ON®rai tde& s ne
fitharacteristic that refl ectsoaTspetbes'r eada
separ at wgr olmptswl ogi cal traitMdMemnazde £ cotl Bt lcoad 2 @ &

t r aaiftfsect an organismos |ife <cycle, physi ol of
maxi mum body si ze, |l i fespananfiemdbnlgi anwd Ee@l
are related to habitat preferences, l i ke pH

pol l,uatnidonbi ogeogr aprFuincct i ioamfatl 6 b uatriemod efhioneod i aa
bi ochemical, physiological, strucexpraess e@deinml

phenotypesaloforigrmsiowisduwandd relevant to the re
the environmentd( Medéonest;esiselgdf pBOLA et al .,

Functtiromiatls facmadiiiogesmsi cghef i ntenddiavser si ty of fu

identities of organisms in a comnu-ifiesy ol &s édact
which are directly | inked tONawnk oetygaali.smé30 k&)
Hi storically, there has been extensive resear
its HEhiaratt et al ., 1998, Dawson et al.., 202
There is a gtowi pgtentemésforna speciesd trai
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to detect the effectiMeokzantbkbtdpmegeonmi2dlal) rods s
t r dbiatsed besdaigiamn t he 1toSh7e0 splvamenGea d anesg ihg/tp oR hie s
hat plants developed different strategies to
influencing comimGni mg. cBEPgIsWitsd: ghsiedssao hel p

—

devel op the ha€wihtiath thgmpmpltédte smeseesl t hat t he cha
species with the a®st compatgulkheet odi tpsast e
(Sout hwood, 1977)

These i deasi nhfalvuseunbcseetiqluagdirgeetviecl aolp ment s yji nwistt m e a
t hseemaRi ver Continuum Concept (RCC) drawing on
how changi ngl e o v hndoovhi megn sdiovwenrt vgorrekd i ct abt lye i nf |
c omp o s isttiroena mofu n(iMainensot e eTthealhabilt®8&8Mh)aempeetn r
furtbhete®RhilmErlaece & Switzerl and) ,and hTaiheersie

studiessprowgdsogpoBbungaedi denalk., 1992; Che\
& Chessel, 1994; Statzner.let wals. t hE3®4 st Tawres
foundation of the use of f@UGlkaivetletralts A9
al., 2006; Dol ®dec et al ., 2011; Dol ®dec et a

Theor k needed ttroh adséevdaimepvotr ke moti vated the st
(1999)compa@a&kdnomi c approaches to freshwater
based appeppraocpho.s @aac 1t ldatl bticcolonma ®tr i bhge appl ic
geogr aphiacb | reedgeyostpisfci fi ¢ sBtlhipabibees devebopdd u:
ecol ogicgrocande d.he®hreyi r satcc dapgssWausnct i on al trai
better indication of anthropegeaemciec twaey cdt® sanse s
affected by chathels®danc setaAt ada.lmi daxd 9r)esul t was
Zeal and streagsi @u lfatse tfeudn cdigiud nda £ r itt thilen éismep act s
pastloarnadibetter than t gdxXxod ®Wdiexc iern dJiad adgahmBsD 1619 s
di sentangl e stressor i mpacts and provide a m
communi t y( Lsatnrguec teutr ea | . |, 2014)

1. 7Ai ms and hypotheses

New Zeal and' s f reerseh wian ermre asciorsgylsyt eims AWAor 2@z b
Mi nistry for the Environment, 2022,. 2@r&a Min
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that has been paetlemmdari iyt erd § B it vald ilagunr ansg at h «

Har bor catchment | ocated i(mBatyh e fWePslteenrtny BRaeyg ioc
2023b; Si nneTre eAtwla k. sctull 6tdudgyganli f i cance to | ocal
traditional source of food forhwhiftoave,r shami aa

of 210 square kilometres and (Baynef oPl| &dlrtwy ZR
Counci |, 2023b;. IKHabmeneenr iedte natli.f,i exd0 lals) an out st e
hi gh ecol ogi(cvaln gavieeirujwkegng @am cetT hael .w,i d2e0rl Oc)at ¢ h me
area of almost 1,300 square kilometr éé¢8agnaofcol
Pl enty Regional Counci.The286? 8athEeenSAwmanreui edatadh
provide habitat for a wi diencrlaundgien go fd inaadri ovneo u s ¢

as k @arl ax{as )branwd p6naivg)d(gGoroidsmanan® 018 rar
l eptophl ebiidsotalyfdyl( Spekdeist.e $T hael .Ka nkakitt 99 n d N
rangaband ofholled Awama i tveerts ( St pgpess & Rhbagter s,
support popul ati ons (o\Va ne nMleBenupnkegna dr nat s méh ba £ ¢

North | sl anAdptberroywkh neamaie®R Plkilak®a)l. wi | soni

Howeverecdlheagidmmarle underr atphode alt@rtmwywtnh -asd | ani
intensiThecBayonf Plenty had the greatest popu
Zeal and (2.8% or 9,100 peop(l ®t) atbeNIhee2Weast)e r me
Bay of Floennttrys blhgahsé §ioovaanitdss gt{blowupt, WHIARH been

driven by economiendgaich@rsuycdcact iusjl)phigparicihf@rr udii tn
(Zespr.ifTher® 2ngs been faga s ht amalacodieng: ott réednrdt i cul t
| ansencl|l kdwngr ui(tMidrlcelrareds al ., 2015T)he¥Vdre cRass s
of Kiwifruit orcharding on stresamchecasy Ptasing
agr i ciun ttuhree B arye noafi nP | peonotryl Wa nu nRdoesrssetno o&d A d a m, 20

One of the most significant issues faced by t
the rmpenspofi tathiedwedomrielsé edndpt h(eBlasyo acsft P11l en
Regional Council, 2023b; Hume et al., 2010a;
et al., 2011; Snelder et .Af eppwDILlids hevdh nb yRotslsee

Il nstitute for Water andnAGdd pherdi ¢ hRes samueh of
within Taur(adugree Har.Tmld er,r @adr0ta rirdeeandteidieinetglat i on
such as in thecdachd@gonAReenBCchsobntri butes 99%
| oaWai mapu Bay and 26HW men éMe |Eld.meneBGRGada))on has
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effects on not just stream ecosystemshTeeut al s
Awanhndaur ang@HwHme betr al ., 2010a; Parshotam et
Furt heclmomat ei nophasnigsdh as i ncr easkdkexagicnefrablalt ei
sedi mentati on ruastees ndewnsdd ilcyatlisomd wi Hbhme ¢ the

al ., .2Wli0me)nt ati on rates within the Te Awanui

byw0% by( RPwWmel et .al ., 2010a)

The mpatt palsanndakdsax aimn New wakdd| aredcogni zed, I n
rol e i nseadicmesatsdtdn wtnr i e(nNAl leam,i chn®kh;t Burdon et
et al., 2011; Hume et al ., 2010a; Parshotam et

Rowe & Dean, 1998; Scarsbrook & Townsend, 19¢
Snel der ptTawnserrRd.2&t caolinit,r azs@0 83dhadivicorwt iad ul t ur
activities such iarsp akcitveiafnrsu iatn do rrd hvaerrdsi tilgno sNee w  Z
i n TteheAwanui (&anc Rmessten & Bdami d&Oildbg the rap
hortiad ulltauireh w hes Bay iorhp oPrteanrttyf hi ¢ ksowluedder
expl ok &WA, 2018; Van Rossen .&£oAdammanpy 25t u diees:
haveenté&afi pdsticide use associ ataediwintili ilcamt:
t o séceswmstHomvdeivtetrl,e i sp eksntoiwn daelmso $tti rMme@amitsc oSy s
New Ze(aClamsde , 1993; Hageman et al ., 2019; RajT
Asover seas studibas hhveat deée hatnidf ipreodrtei ctihdaens ap ot soe
bi oactive pesticides ar g usmepdgtiteaxnogleon eZdfau ratnhde
potenblial they play in the dheegar(aBdhagthiiaun eaf adt.r,
Hageman et al ., 2019, Knill mann & Liess, 2019
Stone et al., 2014; Tudi et al., 2021)

Ot hpeat einmpadct s c owl deiniernitcl huodses t o f ri pamwaatnervege

abstracti oMufl a1 pil renasyg ahtaisveeo.rcaa mul ati ve and i nte
ecosysuems asatsia@mméhow (adkstoinores al ., 2021;
Matt haei et al ., 2010; Townsend et al ., 2008,

Uhderstanding the key drivers of ecol omgildal d
enabldee stibgen andt ii oapf feefoeantve manddeaméenygatsedrpandg
restbesebwaditatt haei . et al ., 2010)
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Il n this cont exys,t wmddye tm@ isaesdsaaersasn®ifafé mdomi nant dr
streamlogicali ndreggr Bel aAwamu i catchmdemptosi t edypo
sedi ment would explain the most wvariation bet"
remaining differences not explained by sedi me
such as contaminantrpelnituteinoemn chpmexnti cifdeoesv) al n

veget(ataickknmon et al ., 2021,; Lange et al ., 2014
Vill eneuve et al ., 20 18 ;alWaog emyhpod tf h eesti zaeld. ,t h2a0
alternative stressors woul d be | ess apparen
specifically to measure sediment I mpdawsssihc
al . ,. 2022)

Il n addition, hohygpoomespeeoeddaeglabddd vesnewdt i ve

deposited f i nenldamdoeemehtun ¢ DIF@&naln sckiome réshistayl y, 2
I hypothesized that smpedalwiotwiledsa o resiprovnar tteb rsaetc
and Ussen,d recpek®deel Rhi lal i ps 2&PLHRieli Idi, p20& 2%mi t h
Foll owi ng prleavd roaursa se,tudlalepr €dil®t ed (tmhmdbte r | ioff e

reproductiyearcyédkbem) pemor phboéelsopgyr a(tgiolnl orf aqu:
0g) !l Il Bocomotdfonadqua@miwnd agwigag@s r esource acqui sit
such as d¢rgadAizg@é&di mgoul d al | be nkgmdsdivtedd FHim
Sedi mental(gbdeld bat t he f ol |ocowhdiwge moedgesigtiebtsl ee s w
sedi Desmntbomeugedbtsii ed ,0 s@ ndleageepr, dtCd atpedd t et al
Dol ®dec eRhialli.p's, 282 @&nRi|jtIhi ps & RRee gda r-d2s@ebga Iol gaen d

(native forest to pastuire prestiddactt att h e ef d lolr @witn d
woulreéspoépduri vo, 0si nsgelreddp,e K@Y wharherég e déde, ggdp r ot
6l da26, o6bdaBd, ¢ksapitaxé et al ., PhGU7;psDo&l &de
201P2h;i I Il'ips & Reid, 2012b
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2 Chapteet BRods

2. 1Study area
2. 1T4dur anga aHarhbmewnrt c

Th®aur #dmag doaitrc hinsenltocat ed within the oWedNteewr n |
Zeal aenndc.omptas s els, a0 kg kwamwdtrresi t s boundaries b
Ranges weat shblhioefbsWel c o méhseBlatytMa t a k atntaheeh inan d
WahBeatbhert h. The Tancamplals8sl essghucaresée By | ofme Pt en
Regi onal CouncTihlBau2@h@g.a sH@ahEoyof New Zeal andads
and has been identifi ed( BBssy amnf oRiltesntayn dRenggi onmaa It
Within the Te Awanui/ Taur amgsnthat bbhiheng¥ttbement
Kaitetalpor eMamgatOtwal a MaThei aPuna/ Wai RapaatukUh
TuapUr et WaigaMa i maWaui hWa i rWaai t e k odived t(aBaay of Pl en
Regi onal C orwre ofitdysl 1 t2d0sdsi@iedma t ¢ haonfe rittalsler anga Har bour
wer e s,anmspplreedad among t hursea adii fvfeerf ente sltqc plasltamn
hort i) litgagiraeb lle 1)
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Figaahe | ocation of the 24 study sites in the Te Awanui/ Taur
native fusrestYelidnodh claatbee Ipsa et andl | i ghd/ | i me greenusleabel s i ndioc
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St uldyc at

Fi gub)Ehé& st udiyn |lroeclaagtiioolmn t o New Zeal and (North Island).
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Site Stream Catchment Type Latitude Longitude Order Elevation Climate Source Geology Landcover
1 Uretara Uretara N -37.57 17586 4 133 WX H VA IF
2 Uretara Uretara H -37.57 17591 4 19 wWwW L VA P
3 Waitengaue Tuapiro N -37.5 175.87 3 80 WX L VA IF
4 Tamaki Tuapiro P -37.5 17588 3 65 WX L VA P
5 Tuapiro Tuapiro H -37.51 17591 4 16 WX L VA IF
6 Tuahu Te Rer ead uk U87iea 17586 2 154 WW L VA IF
7 Ngututuru Te Rer eat uk O87i5& 17589 2 60 WX L VA P
8 Te RereaTakRéi eaat uk 08758 17591 4 16 WX L VA P
9 Owairoa Waitao N -37.77 176.25 2 156 WWwW L VA IF
10 Otawera Waitao P -37.77 176.25 2 139 Www L VA P
11 Kaiate Waitao H -37.75 176.24 3 13 ww L VA P
12 Tahawai Tahawai N -37.54 17587 1 177 WX L VA IF
13 Willoughby Tahawai P -37.53 175.9 3 15 WX L VA P
14 Tahawai Tahawai H -37.53 17591 2 15 WX L VA P
15 Waipapa Waipapa H -37.66 176 3 19 Ww L VA P
16 Waione Te Puna P -37.73 17599 2 256 WX L VA P
17 Waipapa Waipapa P -37.67 176 2 15 Ww L VA P
18 Waitao Waitao P -37.74 176.23 3 16 ww L VA P
19 Waiorohi Waiorohi N -37.86 176.16 3 299 WX L VA IF
20 Waiorohi Waiorohi P -37.76 176.13 3 15 Ww L VA P
21 Pukekonui Waiorohi H -37.75 176.15 2 13 Www L VA P
22 Piako Wairoa N -37.85 17595 2 413 CX H VA IF
23 Ngamuwahine  Wairoa N -37.8 17599 1 178 CX H VA IF
24 Mangatotara Wairoa P -37.8 17599 4 177 CX H VA IF

TabllS®tudy sites in the Te Awanui/ Tauranga HaebolNr oatch
forest; P, pastlTihree® aHnieadki® aissed tkesunbdove sea | evel. CIl i m
Geol ogy and Landcover refer to RiSmed dEmvi&r dn mgrt QIO&HXY

ICI i mat e: -BAX,r eVaeglny WeWet WW,>WaCGanink | y We't

2Source (of Flow): H, Hill; L, Lowland
SGeol ogy: V, Volcanic
‘“Land Cover: I F, I ndigenous Forest; P, Pastoral

2. 1SRPgni fi cathaeWhenuranga

The Te chAamacnlument surrounds TauTawmwmgan dHe.r Molimsa (
reghas strong cultural alb dw hsoei raintaueas|ib @xtislgenei nf i ¢
12BN H300( MDPKi nnomMhe2@léay eiwt(hhrraveh eardighien Te Awanu
catchment surr ounNgliig T gRla@armgipl Medagdg JtBayRangi
of Pl enty Regional Council, 2023b)

Thiwi of NgUi Te Rangi settl edeyifndome tCoea, SAaasntu i
where they arvitanhekat a wd khaBtaggyaroda Pl enty Regi onal
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NgUi Te RandgUi wiesR@a@@Gils ubtamidénays¢meehomge)

acrtolsesi (cushemar,whirednrs tforroomm NgU Kur o U WhOUr ei
Te Aroha then along the Kai manQtramamrmsedtoi g wWWi
Te Toear IMakKkbey are theekwmimgiehettidedBatwufidnga Moan
cat chmeryt of Pl enty Regional Council, 2023b; N

Thiewif NgUti Plkenga al so arri Wead aian utaB ayakef Aw.
Plenty Regional Counci l|.NgpPo P 3 ialehgdihatimic Pbk en g a
theiwirtdhd our mai nndedhinamanti § t he Cor omandel
Maket Pakartkdi kut uh(iBnayt hoef FPalre nNtoyr tRegi onal Counc
2023)

Thievi NogtUi Raapgrived Awanuhecdechment vNa@Uttihe T
Ranghaewsieven ahfapalhilaemaesmer oss twhdicrhsheh eve en

Tuapainrdo Wa( Bhapuof Plenty Regional .Council, 202
The signi fTlecawapuof bgblehmenRangi, NgUti Plkeng
can be better underswbakKapBhapwugth PhentconReg@i o
2023b; TaonWhakizdphe otomgeaem| SgyAo MUor | (t

wor |l dWhewhpapaonly expl @aignwiofhetrhgetinsoeong spi ri
connectiemitroinmidoacri eat i,b huengtverey and everythin
st efnr drhsee paroaft i Panit ik yu iFaantdneR ) T Unuk u (bBartthhe i Mot
descewbanbed ame 0Gomhdh)er alFowmpampUamhuta is the
of the forests, TaeawhdTamaaraai 9cdhme GGla@dd ad fi st It
Godf fr eBlisweaptaerodt iRamgi nui @aweénPlagedhi yBeukuneat i
t hMUopeéopl e -nayh uT@Boo i i gi nathesker dmua xpl ains th
connectheinr tenvironment and in thiiswW(iNgwi exXt,
Rangi, NgUti Pikenga and NgUti Ranguinui) to
Consequémreddpynpavi des a sandpoee ot ah dredoathedy a
traditiohkafiodur ddiefeodi s o kanidemaa (seafood) of
mussels and cockles that c@BaypyeotoPl ect gdRé&giod
2023b; Taonui, 2015)
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2.1LAa3nd uses

Theovetahd use thwped8ay of Pl enty are provided
necessarily r epirmestemda Teh eAwWadnadd meccoazeckhelemnypgpes i
t he Bay offorPd setnrtwyr @& ®%)a rfaBrady2 %) Pl enty Regi onal
L AWA, 20ReBavar eas that contfobes rayme Ilsndatidisy wa r d
(i ndgenfoaursests of Te UfEavetrar MNaBanpdn@tl pdPaetkatyi) on
forests of the&r Kdshgadeampoiiemd i 6fy agricul tu
spread across théeBBwuyobf PPerhyyRRBRgODODAI. Counc

For ecsampr6i9s¥e f®®A of the | and co,vewncide-telvel Bay
l and classeshithhalaced mphdsg@ 1 &udbs6 9f, brp@ebsd e x ot i ¢C
forB3®wR81, Opl Bay of Plenty Regional .Qoauwnscialn,d =
and other her lxameoau steovt eag e6t gaft 9 200f% )t(Re JITehnd cov
C ompseixod i ¢ (QZla®%wzsd &,M8P9 90t her her b&Ede&odu, s3h0p2e get at
and tussokl%T atsa)l .a rc@rnoppr2i%snedateo t at oimainBdd , 2 8 2
hectldowsver, i n the Wehsitserfni gBharye ofs Hlienetlyy t o
given the prominence of kiwiffBay of cRaedi ngR
Counci |, 2023a; L AWA, 2023a)

Scrub/ shrubl and comprises a further 3% (37,

scrub/shrubland ~3% (33, 931 ha) (aBnady eoxfo tHIce ns

Regi onal Council , . U2®m2axnd ;b alr £YA  aha aGmesk L $e

(20, 8@ hhé totUabahscoodda al¥e(tl 6 ,6 M thwdriel ght |y
gebat fadocnet r<ilbWw t( 8 ,,a A&r3t iHfad)scd raflcaocnetsr<ill®w t( €l , 188

ha) Wat enprb ek eas 2 d Bfo2f oft 02 % Ili( bl haen dB acyo v@éfa y Pl e n 1

of Plenty Regional Council, 2023a; LAWA, 2023;:

vV e

2. 1Géol ogy

Thgeeol ogy of the Te iAdv@amiun dvTealdicrdanni gca rhbacrkbso ra n d
sedi nfeBrtisggs et Tale.s,er ropkc@kmwmtod cani ¢ at¢ hlexti ¢y d
Pl i o@8net ony)at.o03 t he Pelpeo@ht®ceoe Th8 mydest geol
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formatcompr ased tafc dmdveas and vol caniYoulmmgecci a
geol ogical formati onsd ac ie €sdeoqnuperpi esed dd goifcrealth iy @ h § |
i n WehsetRay eht Yl from youngestRhyom tel deMatt aamaeaM
Kopukairua bDakit ¢ ghaNmebmeear el,gni mbr it e, Ongatit
l gni mbrite, Te Rangakbhgni mbitigne mbrOut @mdt Masr
format Wamngds earh&khol deai mbei mes$ ft ostivhgen i bfai sceanmecnet al sa

t heAwleencuait c hamalnthas been tilted KvaitrRamtgdeasr t agt on
t he Pl eTihse oweelnceani sm associ ated wi tal stolfeat Wali t «
t hpee ni nosfulTaasur anght Has baf stohneo e 5 ireeastt ibdre i n whi

major rivera ddreivednkasiagaht i f i e ddomwanrwmaald fmowletnee |
of hanging wall block (BelggsvettalthelBP060) wal

Vol canogeniwersee dinn(eenncsalmibtdd)deysod cani ¢ ffod rl mavti ina@gn
t hdkceposition of thé BWaigigsareifThiad . g nitl®mP®vgt at i on
response to [falnuviesétrucatriianmespt oaespestati on and
vol caniTchedseebrviosl.canogteircasddeamkboasi aeei n natu
from the Matugr gejwe ogi thodol sgpw-gofouphe sMatoumapr s
rhyolitic sandghnisnbl if$lewdapnudaelgpahes,\aelliasciuss,t reisnteu ar i |
and | Murciht @ed. t he Tauranga region liisstoawaree da n\
Hol ocene tephras foll owing (vBrdicagms sant i al .t ,hel IS

2. 1Chbhbi mat e

Like much of New Zeal and, the Bay of -Geligrtry h.
climate c( Glsismdtiec alatomg £20B23¢l i mate category i
Environment Classification i n\Wetc@Waeix ttrheamhe Inyo s
Wet Tabl(eMi b) stry for the Environmdmtese2®10;mat
condiariiemrdd uencreag iboyn'tsh etChhpagpgred fihhey B&y 4 )o f Pl en
Ssheltéehesddaashkeai mai and Coromandewest@ahgtlse t da mé
Pl at @®eat he tshBeatt k u mand a ReEaansgte pConafsitthiskha | t ersi ng c a
the Bay ofe PllewmtavdrmadeaavanhuahewianenBho eiempeed wi
t hTee Awanui c alt 4« hme npeetrb efsloedre | tf eroimm gt rong wi nd
west, S o uit mf laucetinoceedss d i s p,er maikh&spyat oer PEenty on.
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sunni est r2galpmrsedhi ma voeEErva2g0e0O 0 hour s dhesoolritgbt |
exposure also influences air temperatures. Th
from below OAC to over 30AC, with its average
annual air temperaturies of£A@Qepdk!l Aw20Odid)catchr

Howevéde, annual rainf adllserfy thhi eg hB adyuteanfd ioR-t el nsteye xi
| a dneonretahs tweeraltyher ( €lga p p enlSIh,i s29drlhd)svwencuait c hment t
have averages ®IiG@nmmle ar a it @imfe avlcadfause?Vah Be ac h, Kai t i k
and Tauoaagaund 2,000 mm in theh&Kmpenali, an@l Ma

2. 1T6pography

ThBaur anga Haribso rc ocnasttcrham eahbadm allRya ntglee Kedtha&idhp Iry s e
from the cessmaandtumebhehght of 953 metres abo
The elevatiosampl @& dei nRabmgseids efsrdym. § Thbl é 132 ) m T
medi an el evation of all sites was 60 m a.s. |,
of the cohetmédizaneel evation of watdcmeppoedetsad
41 m a.s. |l . for pastoral sites and 16 m a.s. |

2. 2PSampling design

| seldsdtredaa®e stoecrmt c h(meing tseidn atboloer efaur ang.a Harb
Each odi twehsesxeel ect ed lomnd &lin&eorv edro mihnea nstegment s
deterai pebtypirsual | y sexamuniusgag idnegnpdadt ogr aphy
Googl eTlkrleatobhd e t y pesendavteirvee f orest (mi xed broac
pastor al agriculture (sheep anec(meenly deewijf
orcharding, but a@rlewehsee gt wdiy n gnecerdy,0 avihi@atsh beail gah t
sites surrounded by predominately native fore

Thexact odéfocadClasitedeadahobgi vudualp dalisno Tuasbd ce tlh
porthak ps: // da)ytao. mé ethrg®8wtt enz Environ(&E&Kt d&@t as s i
which i nclowcklear d atnar i zati onscavehmeEmé semtyi rfeor
Environment, 2010)

The stream's width was$ omd lettiepeimir eed(ckhg rl ehrgg the & a
2009his sampling unit was chosen to essamlme th
as ri fifalnels pvoealessi ncl uded Halhmeaen ngampl lanhg , . 200 9;
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2. Burvey met hods
2. 3Water quality

Di ssolved /lg%ggen)y aAmyahner (tAeGimleirear tur @e@3fcdm)c,t i vi t
angdpecific eScrmducetmpwirtay ufAcOWardge astue @ dt at 22 ach
aYSPro2030 Dissolved Oxygen and Conducti.vity N
The YSI Pro2030 was calibrpHdedast meagikiCasd tesip
PCTestr35 handheld probe (Eut.@lctehaimmlisit mwea e n ms
recobdedeffortetwadarthade sampling batawmeden t h
4pmAn unfiltered water sampl eni(t2&@@wlnyswas sain
were placed on ice unt(Joweftigeralti pn20@8j) he

2. 3DRscharge, flow, and depth

The wetted width of the strseéeatgld ans eatc.h Asti tfei v
spaced sampling potihtdept &l amg tvhed o€ inkeyasseadrtetdh e
(Jowett et Valoci 290&ps meMacsBu rrenddpau séil nagd 0ad M aHr AsC
Company, Frederi ck, MD, USA) .e sWi idittdrt,ecadne mti Is,c ha
(cumeHsp)Ppding et al ., 2009)

2. 3LBght

Phot osynaveaitlic@iidl flsthwahs mMeasured at ten random
each studylLreeaezxzh@QA sliinghCGORReBieos iLdnces,. Lincol

2.3Béd stability

Thieegdlt abitlhsdty ataimeawé&s sa $ € e s ssetdr euasmbnegd tchoemp on e n
PfanBtuabntegxgompsiagad idbfut es, with svearballli tsc al
incré¢&oesier Earwoa)t tridiuftfee tibsatvedoggdet,eadve | ar
maxi munst saar it hdaslerooati ons were made while co
tbespore each at{Cobuterof 18B&2)i ndex
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Rock anghéafit gnte astwtarsidlr wntcek sarog weldaroint ya,Tee al e 0

overall stability of a streamsi moreaaBpguharr o
erosion dueabol chugi tdshreamdtser , r eduAk isncgo rhey dofa
lis indicative ofpredoimieawietly shamhgpowgigles! ama

sur fAcesodies nadfi cati ve of a weltkrrumwdad amdklsa v d
sur f(aCoelsl i er |, 1992)

Rock briTgpbtses®snd attri but e, snteoarseudr eodn ia srcoaclke
(Col I i erelr hawerz2gl | stabilitiysofbragstmeamcidecneg
|l ow er osdonudnmieered ¢ -upheofbuoardglani c matteri son th
indicative of @redoei wiatkebypo dlas\bwicior eamdi Aat i
of a site with predombnaterypysbonghs poekent i
(Collier, 1992)

Consolidation oTFThepatrhiircd ea tptarcikbh mtge was , consol
measured on a ismaleavifng itro 8Bncf €Emeht sr Phée 2972
stream's overall stabil iitrnyc ri enscdréetar seeabsiekss [tthhee o d
of bmeoivnegd by hydrAasicioc ef of c i s ai ndaircgeet isviez eo fr
substhateare tightly packedt hAtaskeagel obs®& bBs8b
that I s ddLillly emovd®92)

Bottom size distributic:dheahdupehcantrsbabketh
the distribution efghahd/ simht ) eahdstuhstpatreeft
preswhnitchcadoseda scal e of oM itnoc rle@neCrmtindcirard,ei h@®9 2
overall stability of the st-seaemdi suobsbasateade
the percentage of stable substr awhee rien clrectavsecesn
ta00% of the sabdttheteei ssshabldidéndbbaohbbge
Ssubstrate. A score of 16 is indicativgegnadf a s
there is a significant chan@€ol hieheg $§09922)dis

Scouring anldhedefpiofstiht iaotnt ri but e measured is th
presenta sitedsorsed eamba&adscal e of 6 t(oCo24l,i eirnc
1992)The overall stability of ddheursitmgaand nade
decreases. A score of 6 1% ofmditcatstvree @ambead sh 4
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by scouring and deposition. A scoré&0wfobkd4iis
streambed has been affé€Coeédilky,edd®920n and de

Clinging aquahecswvegletattonbute measured is t
vegetation present at a site, scored Cohl aesg:
199Dyerall stream stability increases as the
percentage of algae decreases. A score of 1 i s
green- i hkesmacrophytes in perenmi dalcogeowtfhd ewv
of a site where the perenni al gralwg enl od r onvatchr

abund@aotktl ier, 1992)

2. 3BBnthb sctarddti e i sne n t

Bentlb <t rsat e acnodnpdoespiotsiiotne d fve miee t ®e dni mevgha i O DF S)
Sedi Msstssment Metthidd2 (SAB) bl e stSmbed co
Wol man walsKk)Clapetoadcolet al ., 2011)

The SAM2 method relies on visual observation
randoml yt rseen seeccttesd acr osan tthh en ¢ thrédeGdna pathpat treealdifa r
et al. ,F@QOWnl)andpomimgrseekbc bosed alaondh ee adh etamdre
waebser vead buastihQygsncdoeprewat. ®b s &1 emwdegragm slaotwntsh & e am
transpecetvaercti dendsabDé&fBeil eakuenciVhnegp etecsaniify e of
cover observed htebgoamdisa each hef bat hyscope was
recorded. This process fway anlsesusaep emagt a dh fao rt
indepemhdemn 4 atkie@nspcott, Harding, et al., 2011)

For tmBer8ABMROI i, Nndividual substrate samples we
Wol man wal k)t hato ug dsothutdsya(t@d apcott, Har diEmg,h et
Ssubstrate sample was recorded and categorized
these were the substcan earstiigfeibceidale g6 Mm@ ur é € 0 |
cobblie26 énbnd) , g&iccdmm) f( ne gr&mmlilsi ( 2/ sand/ mud ( <
(Cl apcott, Harding, et al., 2011)
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2. 31 8tream habitat conditions

Aspects of Linrsd Ir iledaimn gh adu b sawterraet ea Icsoompwisd @ ri vwend
Habitat A®epypsrnoeancth es ( Halrhdei npge recte natl aayre2l Oopf @ o |i f 1
habitat present i n agwistheaar wass apasreasmetdevs sal
composition, organic matter and f i sh( Haarbdiitnagt
et al ., 2009)

| ni f flaem,d rmpwrm ]t hsee cstaimen s ubstrate si ze categori e
estimated as a proportion of the streambed us|
t he st u(d@l arpecaoctht , Har diSnugb,stetat anhd,xcrmp @nbelanseusr se s
degr épeacddfo mgcl oseness of subst,watse riecoprde@xi mist
moder at €GI| aoprc ahtitg,h Har. d iEmg,e dadte danle.s s( 2vM0alsl )me as ur e
of | ar ger s u/bcsotbrbdtees )t yspreost h(ee.egd. i n fine sedim
deposition and scouring were kstiemactle dI ddteimaemr
typesr ggpafni ¢ matter present were estimated as
macrophytes, moss, al gaeCl awocood yt ,d eHbarridsi nagn, d elte

Lastly, the c&GBndiitsihor adfi t a(tGCliwaamsaocd sts, e sHsaerdd i tnago,
The firstthmetpreirccemasage of ar ea swi tphaisnssaagrestt iriec
i Bmpomratmd mted fe edew HedailamddHpeci es are di adr omous
adequate fish passage between freshwater and
The secomaasnernmearoctenret age of bank cover within
habl/idhadICi apcot t, Har di ng, et al ., 2011)

2. 3Rrparian habitat
2. 3.FRi.plaCoinadni t i on | ndex

At each site, the riparian conditions, substr
seiuantitativeupl oHeerddoil mg2(@AXD))al The assessment
used camrd ben \Aipgpwlehki xqual ity of ripariaamcondi |
guantitative method that scored 11 different
to 5 (best). dahstrepamrsaheiebreasdbnriggHas alp amgla see
al . ,. 2009)
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ShadTmg :first atwtarsi bwatt e r memheads e, s dwehgircene of s h
the water 6s surf ace panodv ihdiel(dH asyd obpagnskest, A ad & @& te2al
ofrdfl ects |l ess than 10% of the water mergurfa
than 80% osurnthbh®c¢ evg t(sthadrddeidng .et al . , 20009)

Buff erThea dstehc o nnde aastutrreidb uitse buf f ert hvei dvi Hd,t hwibied h
the edge of the stHaani bgn.letA abu ftfhe2rO BiBdnkaentyo ar
prevent tdre red dweuwstes fofon anmp a cttyi pnege at hnpel es torfe aam.b
is the planting of native riparian vegetation
of a btufsf drestsha han 1 meter from the stream be
buf feirs tmoar e than 30 mefdrmas dimgmethal str @8MOD a

Buffer :iTnhteacttlniersss attri bute that was,wheadfiured
estimates the gaps pregdéimtr dii mgt leeT il g f, 2 12t0@DiOb) & t
estimate the buffer 'as cefnfpd cettiev eyn eisrst act buf f e
preventing pollutanasmgrfawindiemg ehrabnigt aath.e As tsrceoar
a bufti er ntoha present at all, whereas a score o
(Harding .et al ., 2009)

VegetationTbemposrtmeaaureidbuset he buf faenrd s ve
the dominant | and use wi(tHairndi3n0g neetT bael s.c, 0o h2p0bOk9e) t
of the buffer and t hesaparaatedloyt hasd des&owet e
right). This metric also helps to estimate |
composition of the buffer influences how eff
pollutants from entering tstherdtpyasatniaegde e D b a8 s o
sur fsauccehs as concrete. Amatore mniHoBveshagnestcat.i

Bank sfThabififieastutrreidlbutse t geost Ihr e amesbsaenskss he
the degree of e r otsri e@aambparneks, e nw haiscnhi &i as¢ Imi s pcoart teast
contribution towardé$larns nige.@mA sstad me2 OADf@ )L oins i
site where more than #A€@6hedi ve daadliecetmamshaert ode
A score of 5 is indicative of a site where | e
provides miugh satsalbieldigtowikt h a h isgtha bpirloi pzoirntgi ovne g
covieHarding .et al ., 2009)
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Livestocdkeasaexdgdh: at tlrii baid teo anke'asouasetaeesasnd.i | THiys

helapsssess the potenti al ompsetct e @M eswo gyyutnamnygi
defecating into the stre@kaondi ngaepA ashcgo roe?2 goafa
indicative of a site that has active |ivestoc

of a site that has eithdHapai mgnent alenci2®@ 99

Ri parian soi:lThdersietvreinftihc aattitorni but e t hat was |
potenti alHafdit hg .eolihdils. ,nmee2t@@39cs hteNepss ot hé sricpam

zone to denitmityogeashsbpagedieati l i zer or |
process it via the nitrogen cycleutbredphmiecati @
score of 1 is indicative of a sietebuhahabasa ¢
bypass riparian soils. A score of 5 is indica

ri par i an -lsoogig e distahret atoeerst and extrudes fluid wh
no d¢Handing .et al ., 2009)

Land $hepeighth attribute measured was the de
the streldar diamk et Thils, m@0DIOO¢ hel ps to assess

pollutants can run off into the stream, with
of 1 is indicative of a site that hasati s@ ope
of a site that has a (dHaome ntghatt iad ., e 29D 0t9hHh an
Groundcover: Themma itthi oant t ri bwashé hadt mpvasi tnears

c
groundcover present in the buffer and the | al
(Harding .etThad .gr 2WMPgover of -utstee ab ef fsecror &amd s:
t
t

for both sidesaumwrdi gthhte) .s tTrheiasm nfe terfitc & el ps t o a

cover o process pollutants and prevent them

of a s
gr gHarding .et al ., 2009)

te that has bare groundcovedendiomgor e

Soil dThentgetnme aast bstrl eb udtreai nage potential/ pern
ri pari(adharzdonneg .etT hails. ,me2t0r0i%) abkislessegst 6o habsoi b
as effluent runoff and prevent them from acce:
i mpersurofesaccehs as concrete or is extensively co!
is extremely |l ow. A score of 5 is indicative
per meashbuiclhi taygs pumi ce or gd&md damd ied mdt ,c@®B9
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Rill s/ dim&thmtetl rdizhbautt ewas measured is the number

present in (HMardipar.eahhiz nme2tOr0i9¢) assesses t he
to enter the stream via runoff. A 939ddrdes @ferl 1
meters or more than 2 | arge channels carrying
no rills(dHdardhagnet sal ., 2009)

2. 3.Ri.pR2ari an vegetation

At each site, a qual lkxiaadivvee rassisteyé shaeesd t cnanf deut cht.
200PBPhepeci es epreeecsodrmdterdw b oa lhoabhg@a kb t h@a?zQ@ ht i me s
the wetted wi(ddtalr dofn gt heeg satlr,.gam009)

2. 3M8croinvertebrates

Macroinvertebrate sampl ebNatwiearealc oEnrl wicrt erdmefnotlal
Standards (NEMS) protocol recommen@tEd nfeoretkiad]l
202R)used a kicknet with a mesh size of 0.5
sampl ed at each stream site contained habitat
sampling targeted the most commagnliy | @&wsai Iranise
the reach. The |l ength of the reach sampled wa:
with a mini mum slienggitalp osfi t 20 semp A &i8wasni tompirf b:

(subsamples), withprdponrti csmpdli tc dratsreidb wtni ar eo
sampling reach. Each unidot 1% fnmommealawtalse atptr alx i gr
area sampilled wsampl €és were preserved Iin 70%

proceMisi mg 260t2 291 . ,

2.4 aboratoey anal ys
2. 4NLtmate ogen

Nitnateogen c(omgiem)te amd eonér eldo ménientigitoad c Fot e st
Ni ti«NatN€ED Product no. 654100, AqEdavwsapredxs t Wawtne, r S
Aust)r(aNliVdA, .T2h0 20 )t ea tii deseegseg mtdntceetr at i t ri te by |
zZinc. Subsequent diazotation/azocoupling form
of which is relatedl motst la@tphndo taacahlt ceu rc oinfcteent g iatt
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eye using a coleumdesbgppadater. rlatpi d assessme
al t ermmeatthivdesng a NNH OMAoO RPN Ar st andard ma&s @8ring
mg/ L miittrraotgeen. The col our co,@padar@tlodndBamgblco
The sample was diluted for higher milatreatendon
the measuring rVdantgeer tsoamp8 emgl/wle)y.e rafrirgemat e
tempewathra 48 houUNIsSWASf. Z®M20)ecti on

2. 4M3acroinvertebrates

Macroinvertebrate proceksisxad ¢ olnifeilos ddtatdeaa NEM
prot(@iclohe 2Ot2PYgwacr oi nvertebrate salmphedaower ey g
t axonodneinct iafnd agnuwmekiart s mmwlhast heed ¢lhe®mngh. a

si eevoe remove the ethanol m@ames arnwatrievmea,i nfiinrge us
mater i al (e. gt wi gihe | savhelad/iewsiadpand Inft wur | ar ge wt
pl asortcingditviagsal macr giemore@mbhndomb ytwesaeyk e ct
usifnagr caenpds pl aced .i nmhdaxrpenrvier deéldimatae st rraeymad fntee
individual s weeei meimoivieuwa | st hwer e al s o fr en200v0e
individual s werethecoame edt dpomwear ¢ rragpeated o
trdapheacr oi nvert ebrreantoev eidnedp avii adtueadl dbe t f e rbeansseide s

on their taxgmomnmihopdreder a(ne. d&.p hepnleaiommddeirfaf eirnedn
petri Ohiaeshersgi.nvertebrate ,elxb riancdtiive ndenwss gk e awentpel
astemieoroscope and identif iwdcer dowuussisnoghhh éhvar & p
taxonom{ie. Ve erbo20®W6et WahteMheurarbo sh @ 2&@ae

i dentwieftideedn r Ecomnt kg, the remaini nogr tmitagyssadwe r e
t hat had not yetorbeminsaskeadc wred ed .r eRr@ave d f or i
enumerTahte ornemai ning contents ofi .ea.c,h tma& ermnme iV
then storedoinit aintde poreisgirvald (Mviltnhe Zebt202gelt.h,an o |
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2. Data analysis
2.5Tdxonmans €«ed i ndicator s

Mul ti pl e -btassxeadn o mield & awswesck r i bé s¢c m@magnesnacr oi nv et
commun(iBuiredson et al ., 20TIRBe s €1 idphaelo tMlaecdr to 1 alv e r t
Community I ndex (MCI) a(nQMQGtithsep guiaeads i riad et & sve ga
abundance of Ephemeroptera,t M ercogpd ebaormaemdPdn

(ASPM) thei MEI |, EPT triivweh neelswlsn daanrdc & eilmadi cat or s ¢
per cendadiecerd rrdiars et he abundanaaaeamd sriadhnesasmpad
(Burdon et al., 2013; Clapcott et al., 2017)

The Macroinvertebrateheelgmswermnsist yt hlen diemp a(cMCl109f
pollonianstreamccowydst dmebyresence or absenc
spe¢iCéapcott.lassapmlsl @0iLdn t ol eirmwmeret evkarl autee ¢ or
from 1 (less sensitive to poTheatMQO@In)sdor d 0f ¢ Mmc
cal culadledulbayt i ng t he avealrlagteaxa |l prasneaeTet evad lutei
MCI scor/estof@aamisamnegeanddtOweanmtdgi cal heal t h in
MCI scorel imcec-atoles olmerdd ver si on of (RReap€btto
et al., 2017)

ThQuant iMaactriovienvertebr at MCOduwmuotniidrnys |Isnidmeixl ar |y
alsaocountasbuumdafndeacr oi 6Baertdehrateal ., 2013; CI
't is canuduli gptled nlgy eaclhy siptes i teg [ esraudimm ehagvdat ldhuees €
di vitdhengcombbged healt o¢ al number soafmpilimesl i @M@ Iu al
is scored on a scale of 1 ittce/ BanrcewnashisntgdP®CECcoO
increBesedon et al., 2013; Clapcott et al., 20

Threel ati ve abundance ofdiiEPTinhagxa hwasabouaaldawmilcat
tot al abundantctBuonfiloa sitelstre@amimBhi €l wpsot &pe:

all sites and diThpd asypeedc iaess ar ipcelrceesns agfenelPyr t a
counting the number otfr esgpmrcd ese dtep whige n@p tt eor a
and Tricoptera present in the séaBpltdoafeba aitg
Clapcott et al ., 2017)

The Average ScoreaPmumetMiet dieoc n (/&shREl ) osEOR Te |,
abundamd eEPT spedi gsCaxilitl@ahddre,s 2 EPST) met ri ccs excl
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caddisfly famiFliy sytal sirecptthioleiedtalee st a ndamweireed b
maxi muns vsatlauteed i n the National Policy Stateme
for the MCI, 29 for EPT richiés si, nr aevsall |ue3d ff orr
site that rangeThe tmeaem sOadautthmed irzhebdb e used t
cal cuhat P M a(c@olsliiteer, 2008)

Thper centabguen d(a%)c e afsed di delctredsassreet s esed t o asse
changtlse imacroinvertebrate communlClk agesototf esttr
201T7kBsedi Merctr dncstesaisc tmMat taxareéspodaeo nigt ed i
sedi medrtssanehéesapbdbl 6 Uttaad laianC e (@\mecrrsdaalsye,r ss ponse
t obhstsr ayseormor © stedli gedr T teistewme tsrwe ccea | ¢ wlsa tnegd
the sedleéecoecdtdasxa si ¢ gnltaipfcioefdtO 1efth ea Ir . a p pp aratcihalu s
dependenfcreonplroamsdom f orest anal ysye2ss5 asredi enep ¢
decr dascedmXr GasTemesnglyt t axa wanebe@Bhapcodi edet
2017)s el Bl6yl sampl es coll ected firnmor wd7i3n gs id aetsa
(Burdon et al ., 2013)

2. 5F@nctdiomarlsi ty indicators

sed functional bi ol ogi camé&cithoveeirtt e btrat e £ ®rmin
Bi | ogi cal traits I ncl ude l'ife cycle, physi
maxi mum body si ze, | i fespan, anoeoebdiilnigtnyaocdnt e
ecological traits are related to habitat pref
bi | ogi cal traits withv5329ma&da&BiNeive Zewad raen ds d-u
Macroinvertebr(aRhel ITlriap g .& aBmeebtahhe t2r0di8t)s wer e:

Ssize; maxi mum number of descendants per repro
cycles per year; number of reproductive cycl e:

u
0
X
0
organi c gmbdilage odgn s hi(dstsiPapd ad er a etSi at een 20
0
c
z
c
t ec

hni que;i toevii paapgetmad p othent i al (all stages) ;

of aquatic stages | Eexxdliwditryg eodopgy) fobody f eedi |
respiration of aquatic stagg®h(indti pisn & Bdmert d, ¢
trait dastarbaiste afsfs8 jginudy u mcapydd(aeCh e(v0ene €brakBh9p 2
freshwater macrloiunsveedr treebdiadmre walxmes at the ta
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variability among species of the same gener
identificati omr® awerwe | maode taatx otnhoinsi ¢ resol uti on

Functional di ver sity -weHDy)h tmeet rmecasn sa nodf ct or nam ut nsi
the dbFD tfhdediRt pam(kisagiee bert ® & LegendrekFi 2 10;
met r incasc r ofi n vieDwtee ler actad o winacttea do n a l ri chness (FF
di vergence (FDiy)andi Rpedosi Onf (FOFRoocaldedicveb
volume of the functional space occupied by th
of abundance in this volamenpdamdad eH D & thti hsé wdoiil e
FDis is similar i n concept and highly <correl

simultaneoubsdtyh qturaanitti fdiessi mi |l arity LahdDbeveée®n
Legendre, 2010; .ViAlclc®gdri ngtl yal t he2m@8&)x funct:.
(highcémpeiveand y di stributed, Gdwesi thi $anteama
calculated from the invertebrate taxa functio
centroid for each invertebrate sample after a
the sum of the distances wefigbhhell apgpecnedyt a
abund@gbaksbert® & Legendre, 2010; Vill ®ger et

2. 5MBxed moldienesaranrdegressi on

To test for differences | n puascengdii(rvvee rftoerbersatt,e |
horti ¢clulutsuerde)l-ehtact sfiihkresetmoodée hclafdexded ef fect
l and use and a -cahdbme®dmheschtcedy siutbhes were |
strd@am. second asdedte do fd enpoodse It(seSOA M2s) n @& estead atnmeesatt et h
hypothesis that any duséseshcespbeaetwednbioseak
indicate theet hierf | suternecses oorfs such as contaminall
enri chment, fl ow al ter atniMinx,e danndo dled sss weefr er ifpg e
| madhl packagdsnallyskRs of Variance (ANOVA) was
usi ngaptalcek a grro-atmc Rt.est s wer el e mepdancektaegde uwsiitnhg Ttul

correction.for multiplicity
| also fitted |Iinear regression models with di
t reesponse of macroinvertebrate indicators to

angluanguanQiQpel ot s to assess nor mahea tpr oapnodr thieott
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deposited fine sedirmerstf o(r Snedd2-8tr otwlpiTnedvardpiittrhee ar
sguare Troot t r abesdroéarkad n dann cfesr. %or taxa ric
generalisetholdeperasashmiendg a Powasomemdcsduntb uda

2. 5Cmmunity analyses

| used unconstrained ordination techniques to
| ocalusleandrpedudtbaence t r i eDi Melntsii on al Scaling (NM
Hel |t ngaesf ormed macroinvertebrateCurtiagd i diestad
metri c. | tested the differences in community
M wihteh étadoni sé& and 6 p a(i Anwd esreshodino, mil2s0@0 IR)sfserssteido
that contributed the most to differences acro
Formal | SA was condudneegde guisensth g r ¢ dileh,i B2 @aéntad aygsd s
basetdhendMh® moesetri bed above
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3 Chapt®acBoinvertebrate responses to |

3. ntroduction

Humarc tiiemseecausedgni fi cant e c 0 INegv cZaela | englr asd aftrie
ecosystems throgdhlliamdéeasachipad@ad f ycasncr eas
sedi mentation, amadbmi emtn t e p ol dtdimiyedwdo,lad g ied alt i on s
removal of ri,paldo asn ofegleamdaé@biwaodyg 2d@8icirs bed
Chapteme ©Oa eihmpveec thsamderecaoessEf ect s on fgéosbabl gr aa
within Nehkowewdrandknowi ng which of these proxi
declines in stream ecosystem health ,weeméens I
kiwifruit orchardiehghibvebysiaguni Uiseant and

I n New Zegl oamadjaires responsi bl e for managing t
ecosy(sMiennn stry For the .Ehvesroenmphéastedoowddey 20:
councils through the Re6BMAYr&hpMoma geme wti t Ac tt h
authority t o manapgacnasnft he opwaygtediMc rc oy gt T
Environment.TeRMAIrovi2@230) he | & @ir Nladhteioma | f ¢Pwn d
Statement for FredrRwaKMpPBManagemernrtor t he Env
2020hEPEMprovides mampagamedti ocriteria for fre
t haet t ahgeétes achicowrmdceldysnt heedgp gi c al health of
ecosyishn etmse{({ Mi negionw For the .Environment et al

The councils in New Zealand are required to mc
attri entses etNePHraMs t aindd @ar d$s r eshwat erareclonelfts $ em
thesibBave used bent. ,/joine mdEonmmairen « ®o & é e ¢ toeod asl

coundc¢iohhasn agepmeastoSleapcott et alMil 26 RO2PHlel | i er
macr oi nvaetrttreubbrealtdsPn& M nc it WMlaecr oi nvertebrate Com
(MCI ) and ivtesr sgiucamat (i @@ieiv, e n ce Ayet hge Score Per
(ASPM, which is made up of the MCI and the rel

(Burdon et al ., 2013; Claptesbtipot-kpBedf2aedv md:¢
(the relative richnedscamhsteivastn dlaavceb dnée e esdh on
effective indicators of the stress iIimposed by
(Cl apcott et al. ,.TRe€4&;t Dasrsamiecndakcat oR-6822¢. 949

establbiskhddcasors of stream ecosystem health
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Macr oi nv-lea sbeidormeotnel t orofntgenn oemp | ayed ndl dhaagte r d e
measur e ¢ hsatnrgeswmiirng rCrineemptc ot t et al ., NiOlln7fe eHtar
al 2022)Tsh dual use of bi ol ogi d¢d ®lssamd eiarpy i t 0 N Mm¢
est alklaiuasresff e c t resl wmtee@as hr pnment al conditions
i nfl uence hceh abn god so giinc @& le coosmstdasind i kg otf al ., 20
et al _Al thh0mQn8@®)inge can occur withindep e otbdheegitrc a If
envirosnamemt asaltthemad hbi otiitc iisntaergwaccieanl v nts@ n me r

ndi ¢ wtdemd i fy i f andchoai adeth r @ oghesrt dimnn dh eatl t
OOMI ;I ne 2Dt22g | .Townsesi ety ki ol o @0 @&ilegihdreditd & tyor
uman | and ussedrrs addli onqit ea le f dneencrreusrsitaten icklesy, | yoiurt g
roxi mat @Chdarriweetr seThiasl .t hels9i98 ) measured the f
aramseedi sment ati on, wat earn dogaurailant yh a bhiyoda tpd odye/ d
ocal (ladduseg et al . Mi 20692a NEWAEA v2 2o, ment a
indicators aregiadmsal addfuordiviteddimiBEepPosi t ed fi
sedimeweé mintirtatoegnecnen}t r at i ons

- T T T BN

Sedi me nataast iacsussetsiigE\dme t { &€Cd apcottThetmetalesd 2nhies

t hpeer c ettt lmgy @ h hset r eambed covered by deposited f
Si 2t er marad matyerisn arbedddsasroekdy g d/h,%) mg wat er t empe
(AG)p,eci fic (eD/nodenpoptHiNwit ry ent em@fnicemiat adngs/mL)
were anal ysed fHyodm oMaotgeirc asla nppalreasmet er s measur
(m/ s), and riparian habitat i ntegrity was ass
al2009) .

Ths c¢hagtiteov esstthienpta&ltosc aolu sleamd stream ecosyste
the Tauranga Moathax crbdansieeie nd i nuwwaenmdgedidntad res r s t
hypot hmytihsesst &h & p o ski tn8d i n(eDR&Y pstahen most vari:
bet ween stream sites in different | and uses L
sedi ment would indicate the influence of other
nutrient enrichmantl,osfsl cow aliltpesarlaganomyeged thaetsii ar
influence of these alternative stressors woul
designed specifically to measure sediment i mp
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3. Results
3.2Ehdvironment al i ndi cator s

There were signifi-dapbt $idnseé d e Dr-tSg s biert wsterae d m n
(PO .1QTabl e 22a)HFa sgtuareal streams had,ftohe owedheoy

horticultural streams, and native foremsdc stre.
testing rkv®awes s$shagnificantly higher i n pasH
stre®m&l).0dowe vtelrer e wer e n o statistically S i
horticultur al and B>alt.)06vbe Dbfeotrweesetn shtorretaint udittue sa
(P>0.)0Q5

Stream <concent-natrogen ofdnsgn/gnri dd efaméd ¢4 s ebset we ¢
(P<O0. Or@ab;l e 2,bPRisgwra@al streams had theihirggest
foll owed by horticultural streams, and native
detection (ROf§lurcenZehtra@abheons were sPknDfi)can
and hortPkQuDfLur alimtagtsi vteh afnor e st streamsj stbiud alf
signidfiifcfaenrtencerst bed lwtewemalhP=00®% . past oral sites

Ri parian habitat integrity i ndiddédtfeeidgetdyf ithantR
bet weems dPah d0TCalb;l e 22c) Fi ghee RCI scores were s
native forest streamf<OnhG®ehl)c oanmpdPrleadrtdibg wlstsu reas |
there were no differences bdtO@Wdemabbet)2¢ ulFti wr

Pastor al and horticultural |l and uses showed si
woody veget atciremseayv @r-eafed ciginnocflaundoisn g | nt r oduc
(FiguyrZer2feefm8ndez .et al ., 2020)

Meahream f | owmAlg)do cniotgit exti if If éefrwa &ths d afPedDes
Tabl e 22d) Fwgurcéd was indicative of the relati
Taur angaStHarabmo uvrel oci ti es were highest in hor't

anmdati ve, shutec damssleattraa dbr vdaidst ri bdtoiron hranagetr
(Figure 2d)
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Har bour batsriaansfagr meodgsddp@Bhtend tftheaestraamflbediedb)ohegntratic
nitrogen (mg/); <¢) riparian habitat iamtde gird dstyy uiamadni scfad remde do yf Itc
vel oci tAlels i(nmlisc)at ors are standardized (centred on the mean a

Tab2dANOVA sul ts madel snitxedt i ng changes in standardized environ
| ocalusleatdypeisve forest, imadther dalle, Alwamwi ¢ Thuuvwealgph Har bour bas
Response F-value df df.residual P-value
Logit Fine sediment (%) 7.6 2 15.9 0.005
Log Nitratenitrogen (mg/L) 13.6 2 14.4 <0.001
Log RiparianCondition Index 14.1 2 17.5 <0.001
Squareroot Flow (m/s) 3.1 2 17.2 0.069
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The relative abundance of t he s dubsset rtaytpe c(omepte
pastoral ,,olven talsdeja stmurread using the SAM3 met hod
wal k (Figure 3).

Il n native ,tobbbke wasebaimg dominant substrate t
(23.7%), ogravel (13.1%), then bedrock (9. 7%),
which was not detected usingabhe SAM 3 met hod

Il n pastosaltstwaeambe dominant substrate type
sand (18. 8%), then gravel (8. 7%) ,,t hbanbkbdubd:
(0. 9%); ,T&kblgear @) 3b

I n horticutohbblaeé was ealms most domi nant substr
(14. 7%), mud (13.3%), boulders ap@fdiilné %yr;agehve
(Fi gyTraeb 13ec 3) .

Overcaddbl e was the dominant Ssubstrate type (3
(14%), mud (13.3%), fiaeaedgdraovek ((6.18%)b; ¢ Biygu:r

40% 40%
350 | & 3% | b
0, 0,
= 30% = 30%
S 25% S 25%
o 20% o 20%
g 15% g 15%
c  10% c  10%
o) o)
S 5% e %
g 0% g 0%
R R R I
3 S Fgse v 3 S K v
¥ & ¥ &
<® <®
40% C 35% d
35% 30%
— 30% = 25%
S 25% >
©  20% o 2o
S eor S 15%
o 15% <
T 10% £ 10%
S 5w S 5%
g 0% S 0%
F N QeSS F & QL
S A ) > S ¥ & L S
& o & F & > & &S >
< <
Figgnesubstrate composition oOof a) natlive torest streams, b) |
Substrate composition was measured using the SAM3 met hod ( Wo!
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Tab3Measnubstr at esocfo nmpad sj ivtpitagsaatntdo at i cul tural streams, along with

Substrate Size Category Native Pastoral Horticultural Overall

Bedrock 9.7% 0.9% 8.4% 6.8%

Boulder (>256 mm)  23.7% 8.3%  11.5% 15.3%

Cobble (>64 -256mm) 37.1% 22% 35.3% 32.3%

Gravel (16 - 32 mm) 13.1% 8.7% 10.7% 7.2%

Fine gravel (>2 - 16mm) 8.4% 7.1% 6% 11%

Sand (>0.06 - 2mm) 8% 18.8%  14.7% 14%

Silt (<0.06mm) 0% 34.2% 13.3% 13.3%

Standard water qgual ity par amet erasnndwéroe t meabu
streams, with the mean valaue toypealtdi p@grtaenga ret

should be noted that the reported values may
use, as samplingmrwasat s andodndth ie oieHsay tdh rnagu geht
2009)

Mean air temperature was highest in native fo
strddmad.l eAmMbi ent conductivity wdolhiogvleastc!| iors el
horticultural andi pacltved!l osygemamg mg/ L) conc
pastor al streams, followed closely by horticu
oxygen saturations were highest in native for
starmes. The pHpas$tomali vet aedms was the same, wi
slightly | ower pH. Specific conductivity was |
streams and then native forest streamss.trTehaemsw:

foll owed by pastora(lTalnlde ho)rti cul tural stream
TabdMean water quality parameters of native forest, pastoral
Variable Native Pastoral Horticultural

Air temperature 17.6 14.8 17.9

Ambient conductivity 41.5 28.9 42.1

Dissolved O2 (mg/L) 9.7 104 9.8

Dissolved oxygen (%) 98.2 98.1 97.5

pH 7.4 7.4 7.3

Specific conductivity 50.3 29.8 51.2

Water temperature 15.7 12.7 154
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3.2MAcroinvertebrate community composition

The -medtnr i c mul ti di mensi onal scaling ( NMDS) |
composition revealed siguniskei {dFpigeiirangescshancg®
wer e hi ghly significant, as indicated by Pe
(PERMANOVA) . The <changes i n communugseg tcYmOD S

(F123.PRPL0. R&ER2)3Were matched by differences be
pastorhR|z4s. IAKOEsRA22 )6 %and native forkszd .ah4d, hor
P<O0. R&x23)2%There was no difference Bestfneddn, pa:
P>005R=6.)4.%

Il ndi cator analysis showed that five taxa were
t he maglfdbyur i s c,ust hheu mod-bredhdiiicsofglsi.yeBshred e o pt, e raan dr or i
t he s tAounsetfrloipeesa hde |cayrnr dsoppee(rH4)ag clonet r ast ,ommads y onNneEe
exclusively an I ndiadeetecsrpet oes past arhael fsintidsy
Chironomid (mbidgteerlee)ramei ndi cator taxon for pa

(Fi ghur e
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» o _
a © Chironomidae
E | |
=z .
Hortu:”tural Shilidae
[
o
o -
o Stress = 0.17
\ [ I [
-1.0 -0.5 0.0 0.5
NMDS1
Fi gdNe-metric multidi mensional scaling (NMDS) plot of macroin
| anmde types (green, native forest; khaki, pastoral; olive, h
taxa ar ecoh®mdvnt dyt: green, native forest; khaktihgrpgstexal arler
the ten most abundanti Mmgviomdi eaearosstakxa) sibtiesegi nectiudate conv.

3.2Ma@8croinvertebndrdaitceesdi ver sity

Thet al aloudndmeanccei nvertebrates recorded from |
sudbampldindg) notsi gnif fbheectawe d-oys d a nrggptefso e(e st ,, past ¢
hortichudttwdiidde)posi sedi MPRWas i ncludedP>@k5 a cov
Tabb) o we poeshto ¢ toefs ttihnigso nnioidrcemted no statistical |l
in abundaha@adlzettPy@eBdpendialob) &,
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Nati vesttromgeeme hatdl v hea ombibddumedsatnfcel | looweedr baybundan«
i pastamtdabkarti culr ewaimash tmer t atafelaec¢tyi ng t he hig
DFS found &afFi ghestebaBt édative forest) Shadck the
1§ Pastoral) had BShecekeowksests § mipdggingnta) hbdvweas
shoul d be apsreed iwihgent hienste anal psasko®&& ™Maxkakedaba

Taxa richness differedteyspiegnvidrDE@hadgsn yi nzd uadesd |
cova(Ps @dtmebbs).dati ve forest streams generally ha
by pastor al and Fhgrothiec o € tN@aBa Ilv es tfroeg®md ) ( had tF
ri chnesss,t ¢é¢whi8lteor al ) had tHmevelvesheosctp t(eFsitg unrge r6ehb
that the only statistically significant diff el
P<O. A pendix .1, Table 6)

Si mpés obi versity I ndexl dcdosassttdefWwibDR®ddgaed €&€i Cy
as a c @Pxaro(batbd) Poshtoc testing furthe(@P>O0coOnsf)i r m
(Ap pen)dlihxe 6SiGmpiovner sity I ndex was highest in p
natfiowrsetsrteams and then hortl &@huddgihdr tsita wlatmsr |
the highest Simpsonds Diversitygs | ssdewn sktyr si
(horticultwural); (Figure 6¢c).
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Fi g6Barchastthesh(oaw taofthh) twodxad@glempsomi versity Index of macro
sampled across 24 sites in the TeusAwatnype ciast cihmteincat(eBd y( Noat iPu
Horticul tural).

Tabd2ANOVA r esmilxtesd frmoodre | s testing the response ofaecracs®i nvert e
three I|l-wxalt ymend (native forwistth @eapdoirtad d afnidnédrogdadicméntur@DhfS
analagrseesfrom dat 2 4c slatmpdreedtdt hat Té hAwanui / Tauranga Harbour catc

Responses Predictor F-value df df.residual P-value
(log) Total count Site type 1.16 2 17.1 0. 34
Sediment 7.97 1 16. 8 0.01
Taxa richness Site type 6. 03 2 20. 0 0.02
Sediment 7.79 1 20. 0 0.01
(log) Simpsons Index Site type 1.70 2 16.9 0.21
Sediment 0.05 1 17.1 0. 82
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3.2MAcroi nvamkehllr atb@ndances

The top tenmmosbi abeakahhat ese (F0geas)jen JFotrrdeearms
from highegtnt abluwedkiesltceeast 3@ iAwWm v)iCohu albsu(r3 2s2c)u,s
Hel i cop3ay®éhezephledya@anocenhl 3bpemsl(elb3iBay st rocl i ma
(12Pycnoc(endR)i ,amo p(ylroge)e@apt €t @T & b7) e

The top tentmasat pabuto¢aigtusem gamder from highe
werEemi 48 2idi vviAdeal s(cl4@ma,r ono(nli3dla)e,zeplilll0i) a
Pycnocef(Of i@japes di L0 )P,h| (eb0A)s,t r os ({ mMOAD)t laMmop y r g u
(77)Acd e p(sy e &7) e

The top tentmigat habuhnda(Rt guwenke Metcmeoacm 6860 es
Pot amoply2@@s i ndNewizkypd(llBopeapé g B8Hdeeph!| €éR &) ,
El mi da®) i nagd&hi,rondnmi®dge r os( mME)Tr a md e(cét2Nd b k e

7)

The top ten mawex erddlgrudEemt7or der from weirgghest
Py c noc e (rt8r20 d ensd De latali udai3 (B 6Pn t a ma®ydrSdle)o,zep hdB b)) a
Zephl(ed@) obuf 35A&8S$  r oc33DMpd@axr9A)st ros{ mab) uannd
Chri ondqmi3dia{e7) e
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I ’. "HI

Figufee top ten smaostambmarcdaontnvertebr alTe Avwaxmauiaadasted risd rstaamp | e
in native ,dpaesor alt refaamstaimsu latnwr al str eams

Olinga

Elmidae
Zephlebia
Neozephlebia
Aoteapsyche
Zephlebia
Elmida
Triplectides

Neozephlebia
Deleatidiom
Chironomidae

g

Austrosimulivm
Potamopyrgus
Aoteapsyche
Pyenocentrodes
Potamopyrgus

Chironomidae
Pyenocentrodes

=

TablRanfked abundance tabl es ditsgwaatyhiinng ntahtei e @fpotreend ttmosstt rp eaabriusm 10
streams (hompt imisdldigenesd,) r g dt (shiottesom | ef t ) .

Taxa Total Taxa Total Taxa Total
Deleatidium 384 Elmidae 182 Pycnocentrodes 535
Coloburiscus 322 Austroclima 149 Potamopyrgus 266
Helicopsyche 213 Chironomidae 132 Neozephlebia 165
Neozephlebia 161 Neozephlebia 120 Aoteapsyche 137
Pycnocentrodes 135 Pycnocentrodes 112 Zephlebia 126
Zephlebia 133 Deleatidium 108 Elmidae 85
Austroclima 129 Zephlebia 103 Olinga 78
Pycnocentria 108 Austrosimulium 101 Chironomidae 75
Potamopyrgus 107 Potamopyrgus 77 Austrosimulium 75
Beraeoptera 101 Aoteapsyche 56 Triplectides 62
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Taxa Total
Pycnocentrodes 782

Deleatidium 506
Potamopyrgus 450
Neozephlebia 446
Zephlebia 362
Coloburiscus 352
Austroclima 330
Elmidae 291
Austrosimulium 245
Chironomidae 233

3.2National FObimewaorn w eBands

Using the macroinvertebrate i4#d2Z@&2®Yisc atnad bti h
native forest stre@dbhsanwer evi g évn erasltloy ailn amhde h
i kel y tBbarbd@b anEi dh@r eTIBerakewerest ances where a
the national dobaf&mguree8)n the

The MCI indicated < .miThe Ppau dAdabrasnisdt dvdeirigen raelhl 8
forest streams. ®@okrdnek, swittels swviex ehawi nd-ehor t i c
use type. Fividebbanteswive impga shtniereeh baasv -ut shee iNry pleo.c a |
sites nwi®ibeand forn Ftilge.r dCI8 a)

Using the QMCI indicatébdand,atwintimes isx toefs twheersee
str dRimpw)y. e S&@ven sitBélbsamkdewve Dh the seven sites
hortiasltheierusleodalpel. asribdh e w@étammdatfloe ( Fihgu Q&MCI
8 h)

The ASPM showed patterns consistentFiwiuyh t8he
Eight of the el eweneshnaesvenfohesod®AdBdamahs. T
were evenly split between havingskRotypeul Foue
wer e idb armd, with three havi Rugs ep asgtpuersel Baes t F
horticultur aébaintde fwa s( tFilhyg uEPETM ¢ ) Ehgaeds s aBd

rel ati ves(FRaibguerfea d8c eat ed t hat native forest str
for thes,e wintdh cpaotresr al and hortWkiull ¢ uraesestnme
indicate trends in ecosystem health, caution
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from a singular set of samples and not the mi
required-FoM ttoheacNRUS ately cal cul ate NOF bands

1239 1224201611106 3214 2 72513152214 8 18 517
Site Site

12924231206 8 2 3111016254 1521 5 1413 7 181722

o

EPT-richness

Land use

. Native
Pastoral

B Horticutura

20123128 9244112 310255157 8 21131718142218

12023129246 11108 3 2 4217151825 5 2213181714
Site Site

(e)

%EPT-abundance

12392024 812211016117 3152 6 4 2218 525131714
Site

0

Fig8Macroinvertebomteti admc&@ist Awanni / TaualahMpazridamveurn etha ait re.

Community bl ndex, gaantitati ¢e tehgeuiAwvaelreangte, Stchoer eQMWRIr; Metri c (AP
richness, and e3dnEPtThe ell mdalv

constituent indices d) EPT taxa
| a-nd e itsynpdeé cat ed. The horizont al Il i ng&dM;i ndiec altoe ttellle Fhin@esr i thar
Cthe solid Iine indicates a D stat utso oirntberl prwe tt htehinatd aotnaa | s ib

one sampling date and nots atnhpel imegd iraenq #wiMr.leude si no ft hfei vNePSy ear s of

65



3.2NPHFM metrics wesgarndipreg alnand edi ment

Macroinvertebrat MCCoaommmuenshiwémendeaeki (e saondest s
relatively similar betsweeRhimpage dhal dandehente
scores bet weewns et htww g ¢ehs teies tliacna@dP0y QB d g wiftihc ant
deposi sedi mPRiIBncl| udseidg misfoacaafRt@t 6Ir1bY). 8o shto ¢
testing indicated thatconteraasssntbgt weahnhi satcakl ¥
and horticukOu@dplpentdn xa.mheffabiver®) no signific
t hMClscores betweenpaatsoviedasmdt etavnsemntldor ti cul tu
pastoraAppendam9g.1( Tabl e 9

The quantitative QMEBdioose dmfiegtinh & i MGIn,t ltyheéhi gher
str efaorisl owed by pastoral ,whdchhéeéadhoetatubely:
scorFesguld e 9he difference in QMClusecdrgepsesbaeau
statisticalPk9. Goalp8) iefi itsdeadnitme nt I ®ic Y oddeadwcaarstad e
(P<O0.;Ddb8 BPoshtoc testing indicated tHatfftelmassncrel vy
bet ween native fores(P<080d Appendcil tdhd@lkabs wada
statistically significant relationship betwee
and horticuAptpuernadi xs)tlr,e aTnasb | (e 9

The relative abundance oMasgERMT gthaexd (WEMTatalve
foll owetdiubyuhat and t,lwehn chha svearealr € itagtejverd & s
Tlesdei fferestasi sveesieqn il(PFpD c @B bB)(ei sk di meataded
asiifncanvta(Pcat Ma)bd). o shtoc aneaelsykcoing i r medt inot i cal
significant dliddee eAppendexxWwdenTabl e 9

Thtakxachness ofhiklthTleishaxat wag f ol lehsoiwetdi tadugldt nusr a |
t hpastsarraelahmisch wer e r &li gtudy.weeTlhye sdiiniiflearrence i n

EPT taxa bet wekese tthepeshrwaes | atRdiOb;IabDeal th sig
sedi ment isnicgl nufdiccoda nitiis@3a®a 8). Bo shto ¢ treesvt @ anlgehde t hat
onl y sidginfiffeirceanncte was bet ween nR<0.yveIApPpperdit x at
Tab)Eer e were no significant differences betw
bet ween pastoral afpdp ehnodritxi clu,l tTuarballe s9t)r.e ams (

ASPM scohiegheawenhati ve forest streams, foll owed
(Figwere Native and horticultural Etgeams9hlad r
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difference in ASPM sacree sypresveve i t KA<IOy)Ns5e gn il §
Tab)lwi lkedi ment i snicd nuidfedcaaaRsa. 80eDdbD ) o slitoc t est i n ¢
indicated that the inflfyewacsmachee s tveeal nyat svenif oi
horticul tBgOa]lOBpgpemadisxTher eTavielre 9o significan
ASPM scores bedwpastoatilvetreanasndorp absettowead n sh
(P>05 0 Appendi)x. 1, Table 9

The relativedeaxh@dmedswabe gloér in native forest
horticultural streambBi ahdwehenr ¢h ggdiodall)y.s s 1 ea |
Thi s r exgtil g n vafxigscoasnst t he tHsee tnggipieser( foateesdndpa
hor ti c(B tS0rrasbB))ei DIF $ nc | u dsidg misfo acaa(fkt@3; Ba bg). e
Poshtoc teosnfiimpmesdi gaii f i elmetwesn streasme ypany
>05 0 Appendi9x. 1, Tabl e

The ricdees @asgkéarat i ve f orelBitghdrr eiamsnataisve f o
foll owed by horticuwhiuchlwaned pelsgudimedby t s iemiml
This result was a¢cmaosstt bhal It yurseee gtayipfefse a(eMat ilve
pastharatli c(wl06 Wa b8 i sk di mesit g micfoiacaarRi<®dt; ®d b | e

8 Post hoc¢ndestbibled onl y ds i § ewabsh cbaenttween nati ve
horticul t(P<® ®&D Apgpermadisx 1, Table 9).

Theel ati ve dbrucnrdsaasearb ioffhest in horticultural
pastamdalt i ve f ofFe geulrds&t B dmscr easerowabdbunebdacteve
similar acr asidorptaisd wirfau g ada ¢Hsoweetsehri(s r esul t W a
statisticaddrosssi ginhd i thinee tdtapgdwe ehor,d samd pas
horticBIA0.urdbB)) @i sledi ment addel Oa,dDdbY).Postarci at e
testing revealed no statistusal ByQp.s0ifgmpdn ciaxntl
Table 9).

The ricéhmesawéddwsery similar in both pastor al
native forest stdédeaoaamé alkahvRienggd rBi&h &) T toriecshtnes s of
G ncreawas relatively sanmliolrari cadussFadp@made al
Howeeri s result was natcreotat itshtei ctahurkege $dyi gf ef sef r
mative for estod tpiac¢BH OGtruBrd&bB)) @i sledi ment added as
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(P>0 .;D&9).e Furt he-hmmoreespostg artaweadlcead Inyo si gni fi
any -UsedP>0p.eO Appendi x 1, Table 9).
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FigOcCldanges in key macroinNve:tcui at cummun yqemww wmwaw maSWETeasnt ga a
Har boura) bMacnoi nvertebrat e QOpumramutniibatayt olvnedveexr t(e@MGlt)e, Goymmuni t vy
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FigabBRoxpl otlsamde e hieagseedf menmacroi nvertebrate indiseatgpesacrtr

in the Te Awanui/ Taurang@etiangthodaa shiach me s 2,)d @& cadd@ld enddsng edi ment
abundances.
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types in the Te Awanui / Taud arcg @ al&aar broi ucrh nbeasssi , g .ia cad@ #% es% dsi endei nnie
abundances

TablANBVA resul impdfed smtmisxedg changes in standardi zed macr oin
|l ocalusleantdypes (native forest, pastoral, hogdiitanlsf oraleyd ©%n t h
deposited fine sedi ment (DFS) was included in the models as
Response Predictor F-value df df.res P-value
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MCI Site type 11.9 2 15.6 <0.001
Sediment 20.3 1 20 <0.001

QMCI Site type 12.8 2 14.7 <0.001
Sediment 7.28 1 18.9 0.01

ASPM Site type 8.12 2 14.7 0.004
Sediment 16 1 18.9 <0.001

EPT Richness Site typl1l2.9 2 20 0.01
Sedi ment 7. 22 1 20 0.01

% EPT Abundance Site type 2.6 2 16 0.11
Sediment 4.61 1 19.9 0.04

% Decreaser Richness Site type 5.53 2 16.5 0.02
Sediment 11.8 1 19.4 0.01

% Decreaser Abundance Site type 0.51 2 171 0.61
Sediment 6.46 1 18.1 0.02

% Increaser Abundance Site type 2.67 2 17.2 0.10
Sediment 2.25 1 17.8 0.15

% Increaser Richness Site type 2.12 2 16.8 0.15
Sediment 1.80 1 18.8 0.20

3. 2NPHMmacroinvertebrate metrics and sedi

A series o

NPEM 2m2@6rnovertebrate
deri ved
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The fifth analysis reveal eds aoameodd eDrFaSt et hcactr rweals
statisti cdRA<IOy (Milggunrjef iI€d4aans$s r el at iadBPM B cwa e sn e
decreased as DF$ gluewellsA i ncreased (

b
(@) ° Multiple R-squared: 0.484 ®) P Multiple R-squared: 0.199
° P-value: 0.0002 ] ® P-value: 0.029
140 L g ° o °
130
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(© Multinle Ros . U . :
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® P-value: 0.027 Y P-value: 0.013
g2 * e
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A
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Figa#dlei near regressions s ho@eipnogsHittied irmd ma n@DMES) WGichet ween
(logit) E®RTHRDuRidamageSRBEMNn t he Te Awanui / Thhue aqirgeay Hrairlbbloaunr ibradii o
95% confidence interval for the regression |ine.

3. 258di msepnetc i fi ¢ macroinvertebrate metrics and

A tofaluroftar regression analyses were perform
sedi-snpati fic macroinvertéhe atdat metorcshasd ®dF
from all 24 sites in the Te Awanui/ Tauranga Hze
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Theinetl ysis stavealt ¢ d arad d/e rcsairgend If a tcid@netc rb@a svere n
abundamac e®P®S QO0WFi guilki d5a¢l ati onagdhep washnegasa
decr@astaarcr eased as DHFS gluagellss i ncreased (
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ri chnessPOndODFSgYyre ThéSbB rel ati adddlei priwdsnens:
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Figdablei near relowissg otnlse rel ationships between Deposited Fine
increaser richness.

3. dDiscussion
3.3Sé&di ment

Myresul ts tchoerefgiart mesce of nfdlepersce ed fine sedi mer
ecosystemscaadaed by macamalnwes dierlyltaafel & nmedarc ecss
(MCI, QMCI ,daade AS®M)i n response to heihglsteenec
met rriessponded to sedi ment despite (nmMaei def fere

pastoral & horticultural).

These resumyfsi hsgpuppoptghmreteseldsc tDIFNSg wtohudtd be t he pri
driving variations between stuasn samglsed.criec
there was also support for my alternative hyp
by sedi mentation would indsocaheas heuinfénmeneerr
alteration, and | oss of riparian vegetation.

thereobaeeadiclml Isyt ressor s associated with huma |
macroinvertebratecGJanksemwroastysdle.m, h2@21h Judi |

al ., 2014; Matt haei et al ., 2010; Townsend et
201%)gni ficant wvariations in DFSuwer®y pbse( v e
forest ,arplaosrttoircaul t ur al ) . Specifically, DFS wa
foll owed by horticultural and then native f or e

highlighting increased DFS | evel ali ruaatdr eva mah
streams near native forests exbPabisiag mlnjimal
& Stroud, 2002;. Young et al ., 2005)

The preval ence of DFS in pasgroirlagt tamidb uhtoed i tca
degradation of riparian whhebel awrsv ead oiom| tsiainge asgr

2004, Bur donReentovainpgar 2&M1 3yegetation | eads to
erosion rates and (sAublsaeng uAanaiQ0 4s)ie a n smiednly iaat & sotno & k t
tramping and horticultural till(@(Q@uwi tro,nt20 o)t e
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Il n the context of this study, the influence o
has been extensively studie#iymas €200blgOdn)v eld i n
investigated the issue of sedi ment atisamdwi thlyi
Hume @t0ldleveal ed compelling insights -use¢ o th
types to sedi mperstt ulr®@a d%c aNfetrtaldgy ¢3atcaclomenrtts droea a
|l argest sediment | oad (62%)andl nf odcem@ga reinscoonmp ar
prpadri on of t hd4) cédtudchmenty ChdHhntri bute(BHMdWwet et t h
al ., .2010b)

Al t hdlheh cont hiobdti icaunu adoawarldasnds edi men,it iltosads
expansi on, al beit | eswartrhaannt sp thayifeat h@hemat ¢ h R
Council, 2023a;.Dds mépert 0oidlt Yyat20t@gprrding the
expansion in the Bay of Ptlheentayr, e an ad fi oinatl i d atea

bet ween 2002 and 2019, from 384,000 hectares
this increase bei n(gMiantitsrtirbyu tfeodr ttohHo eEeiwig cruol nt nheen
is a |l ackheasuresngahohti cultural sediment cont |
in freshwater str(elaar/mrdadv eeti nel .e,c 0X01s&)e ms

Howevemo s tt dmmee lrammvdent finding wasichomoanMNl WA sri g
correlation bet weseen ahnodr teilceuvlattenda il st ebdai @naledn te t1 eaul €
Therefore, I t owomoind t be whis & heoxrptaincsuilotnu, r ad i vaennc

activities share anal ogous( Adlaltdaarw,aayz0040) el evat

Al t hough antbhsepbgenbeehahdavily | inked Itam i n
& Johnsqgint 1997 mportant t esti ghltiegsHt utake ril yfi Ir
have on DFESBI llaenv,el BOD 04)s critical t o di ffere
anthropogenically influenced sources otfo DFS
el evated sedi m¢idhelaoads &i. Y&Cemwg @gh@&hl) factor s
weat hering processes and erosion susceptibildi
contribute to DEShéawvet s &i.YoUsmdgeag ssth@Inld)i ng t he
context of a region is crucial i n assessing be
background natur al sedi mentation and i ncreas
(Shearer &.Young, 2011)
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For i nstWesecRBantbé& Plentybés geol ogi cal compos
igni mbrite, a relatively weak rock characteri:
eroqiMoron,. 1M™MWiI3sy) fragility isGluadijeObamverdi cihn t
emphasizes the penoapteenrsiiatly toof fiogrnmm nmbirghl y unst
erosion even under Fowt warntrmor &, otwh ev efl roica liii leist.

mater i al has resulted in the two pri{mMameg s0il
al ., 2010b; Ri jOkrstenhi & @il mtpohyatdoicd28jo o f , t bens bt a
in the catchment, contributes an anna&lumeedi m
et al ., S2miO0OAyly, orthic podzols, accounting

tonnes per hectar e a(nthuunael leyt .taolA.ltthhed @selddbi)imte nits | ¢
underlying geology ofsitghneirf8@8bgmadi mdénteatt iyomp,l aiy
management of aunstehbraotp oggreenaitcl yl aenxdacer bates t hi s
has on str e(aAl leacno,s y2sOtOedms .Lar ned et al ., 2019)

As discussed previously, sedi mentation has n
communities and stream ecosystems.iallt sspaces s
reducing suitabl e habGbBurad esn feltrt adal.csroolitivd)retaesbers:
instability, l'imiting habit(@Shaaw a& | Ribchart ¢s an
Mor eover, el evated water turbidity obstructs
foraging (@Radwema& i Dgaedi mMeOMPt8at i on can cause ph
abracGkFoancoeur &a nBdi gaglsq g g2i0On0g6 ) o f njaLcermol iyn v elr &t 8o
affecting their sdreveidvianlg éoR dgr&neepsanisr& nCgy rf, i 12t0e2r3

't i s these advkeerlsye ceofnftercitbstu htetda ssiisgtneinfti caend ll iyl
macroinvertebrate metrics i n t&h iAsS Bideostedssr ¢ h . |
abundance, adkad rdewictbiles ssimMES | Movreel osv essfp e siefdi ene
metrics displayeddeacrébhberdarcpoarede,r easbdesvhi

G ncradbsedance daeadr eagddbBDBi8BOIve Al t hough all of
were statistexad ftyn dsdaghnief dwdnacneth, was marginal ly
the strongest relationship.identabhlbéedt wars mbett

exhibited weaker correlations with DFS.

Further mor e, the | owest MCI QMQGIn & eacnrde aA 2P M
abundance and richness, were found in pastora
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hi ghest, compar ed Tlhe naame ep dtotreersrt fsd Irlecawesd f
macr oinvertebyrsatceh asmmuwrtiatli easbundancrer iasiidn @lvye,r
pastor al sites had the  ;howdtelsits Swanp stoyn sa Dv errey
compamwmedati ve afnodr ewsats sntorte asmsa@riesattiecra Idliyv esrisgintiyf
streams doaeulted hdéde relative abundance of macr
slightly morebegddalxlapsdpati ve hogberashnesams
Neverthebbssersfautrgeher radivefresf tect et hatusaent hro
has on stream ecosfAltlkeas, v2@O0O4depdiLaeneéadt ebnal

My findangs comwsit &t emrti or studies t hat have r
macroinvertebrate metrics with increasing DFS
macroinvertebr(&tteapcommureitt iads. , N2§bDh; Raviad . e
Oliveira etHoavle v er b 2p0rRi@sei ngluy we ak correl ati c
macroinvertebrate metrics and DFS require fur
st udiawiys(e@2®hi ch observed similar r®sulsset Sy
al022)such correlations only became pusoemi nen
inteasi agpect not measured in this study. Sev
some |tilgdesudns reported in this study.

One explanati on Dasvitsiza@®idenl wahse rsetpuodryt ebdy -t hat s
use intensity tend to have rCelnasteiqgweelnyt |syt,a braec rl
communities in such areas might exhibit a |im
the existing DFS | evels. This aligns with the
extra habitatacfrorn nvernt ewirmg e sf rvehei lhea bp rt ead esr vfio
sensitive to sediment

Anot her ex plhangabteidenr isd rtelaants ar e mor e tshuasncept i
| owerrder ¢¢Daeamset Bt . wa20f28ynbdaviin (2did2Bdt udy
| owerrder streams p odsissepsesr shaelt taebri Isietdiiense ndue t o
greater width, whereas s eliigieemde rt esntdrse atnos adcuceu
di spersal capacity. This exWda@aeamho@f@ Ldtpisals.upp
found a positive relationship between suspend
or de6r sbut 'doortderorst3reams. Further mor eDavail ssoetr e
al02wgs t he Nadedhy(2ebyobabh)i ch measured DFS from
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streams across England and Wales and found st
& channel sl ope) to be t h(eNandoesnt eetf Wdeliclt,e vZh Ip&k
explanation is not efmnmediimgsliyn atplpils cabley.,t og
79% of our storedaems ovmerldeastshsitfhdhpil eRAOPRRAdv i des
further insight.

|t was observed that DFS levelss vVvasi eddd o&ridmas
stream order over the SDawdasr(@20t2289Thi, st adypdwag

t hat DFS |l evels recorded in the 24 shaenmrem ed

comparably | ower than the average annual | evel
this variability duerderedespre@oasmvinanetiaslf s
Anot her el emsetnrte alnbtnpkeedde ratwul d shed | i ghuith on t |
floodirnkpari mpacted by ,{&Lhrafpaleldle|] @@ 14 g toa nt chee
patterns of the Bay of Pl enty Regi on. 't unde
rainfall, attributed to the significant shelt

n
ranges and the Maepakhdemlcketymau neEltriesams for a s
r

of ainfall chéa€Chappel kes20hé)region
Moreover, the study hiigbilighys parghtehadl yai
Pl enty, where many study sites were | ocated.
rainfall occurs during( Clhap s e.lmntGeir2 duh 4it) haautt utnhni sr
pl ace inisOptaberplietthat seasonal rainfall pat
in the streams prior to sampling, potentially

macroinvertebhapgmpelmet r2a2k4)

Despite the moderate correlation at its stror
sedi mentation on stream ecosystem health and
Numer ous studi es i nvestigatingsceaelddsnehbaatei ofni
established t hdve eafdfrRauctrtysomf et heade, 2013; Davi
& Piggott, 2019; Matt haei et al ., 2010, Ol i vel
al .,. 2Pdn),t het anBerdgomIé ic3cannduct ed across 30
Cambwry region (New Zealand) revealed that sec
habitat degradati on and I ts a sNsodtlcayba t ¢ ¢hi sna s it a
observed a stdomganegeatsiposmesmintfi veo ImMauctraonitnv e |
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(EPT) when streambed DDBRS tchoev eredgtdahi ésitcaehaed ¢dgl y2 O
Pingra@odOmmathasi zed the removal of DFS as the
stream ecosystems in the Waikato region. Thes:eé
Master Owittrrespeonrsi stent and detri ment al effect
(2020) exemplified

3.3L3A3rmdke

Il n my Id udgc¢rdinvertebrateamldmmueai gyuyahnideat i(v
QMCtonsi deempnhblyirjpghheerd scores in native forest s
and horticubotwumalwhis¢cheambj bited relatively si
met rR wrst hedinfofreer ent and aamoreg sigwnerd i wabhbhDFiShcl udi
(Deposited Fine Seldntnreinguthmagsl yan aponssdirs aitedi cat
di fferences exclusively between nativafferest
controlling for the influence of sedi ment

Ephemeropter a, Pl ecopter a, amtia ¥ a c bvhaesp sheir gah e(rE
imative focemparddodretdaomul t ur al and pdaisftfoerraeln csets
among | and usei gyipfisc avretr ew iDiEHa stshaey nii ¢f @ Vcagiit@tne o
highlitdglati DFS expl ai-nee nmoomp hpcods le un thaen il vaer dt a x a .

The Average Score Per Metric (ASHM) MCdoraen di sE
met rliabsaindance ,maldi m@ cibtn e ptsh)es eA StPhMa ttshue ptolr & tre di
showed greater rabsyst dmi lme &clotep eheoarsts jc ul @ ur al
pastor al wshtircchamser e . rd@rhatwasely siigni faireaerth i nf
with the inclusi on roef |Dgctiearsy idaheoavdadriitaitoen a | S
macroinvertebrataendoenmuywpes es across |

Assessment -spfecstdc menatcr oi nverteébédiafeotm@asrercs

-

i chaared sabundgace di spl aywidt ht hhei gshaemeet vpaabtutéesr rne,

streamds ,|l owehovaloestunal ldowe feerctr daalaslenrda mea ms
did not di f fuesrevsbtent wteteen il maldusiseamat ot isealilmens
covarCioatver sel y, anfdiec ko amsatb ada@as pl ayed a diffe
famwmong horticultural sites, foll owkedhoyglpath ic
finding i sd rexrpeadseare aloll etraant |, It iI'Ss notewor
G ncr@gmadewiease higher in horticul,desali teather pt
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r enaamsihg g DES | evel s I ncowud wigpgehsastare.sslotr s ot he
di mentation uynaddrnlhioaighhiid pdatotudrdn be stress
atistically significant

ormd atvimud ti ple metrics reflective of stream
e pollution tolerance spectrum of various me
uci dates the superior heal telgustnati wud | oyf brnya thioy
d pastor aprest medmwm.atilvee forest streams 1 s n

r kedleyadhex egchtness and abpasdtaoala mM3o mMedimresneslt yr,:
ghest Si mpsondlsodDalviebywe d at il mah ofx ¢ ri ecsutir teaamnass |.

wevergdg ghhesed pastsetrraciatnhsi nappears predominas
re equitably distribhwmtxead rel ative abundance

verthel ess, these results stildl confirmed t
althiest, followed by horetotubwumwgll d aetkipth loe
e reasons underlyingsthese patterns related

3RBparian vegetation

rstily, the degradation of stream ecuaosgstem
i marily occurs through the alte(rAltliaam, 020 0rs
rdon et Ripark@a3yegeda ati;opbl @aersvseads malbufffaer
rrying sedi ment and exXxde®csaimpe reu tArdide nti sd afarbg
hol ds streambankeresnabn]| i tpyrrovadest watuen al

mperatures ideal for aquatic I|ife, and offe

tter andl Adoloadny, d2e0b0rdi)s

e removal of alteration of riparian vegetat
ese vital e c eexquetnd m ys d revaidd ensg, towomdver se i mp
rgaArhd anTheobdsults detai Condi ttihen qpwvmodva xdle( RC

idence that suggests t haundemplaiier tetdiaasi polaatrei earnr
en{ Hardd ng .Speal fjicadd09) it dhaosr tfioccwnd utrhadt s
hi bited t he apooorgessitd eRQIlh ePecoia gdiisen@etd] | Ineewnet | s( DoFfS
d nitrate. I n contrast hheingaghtd svte R ®Ir esd o rsetsr ea
antiDtFi%ensd ni trate. These outcomes underscor e
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effectively reducing the influx of sedi ment :
i mportance in maintaifHagdsthgeam aéal t RO&O®J q

These shilmdginngvi th national trend€$apbos@OO®Y iah.
which daamasnets sourced Tthiemsntadgiyord alcuseuwn oinl s
Il ndex (RHI) me a s u rmeidn eagciroonsss 09vOelr t daryeseasm s ma md o &
ma x i mugn. xo f t al sdeposused bmecorsedi mentwiss 336
regions ovet waeai $1i anudn @ if yn@ aGosmusm sotfent |y, 1t w;
native forest streHmss demoansitn atent rha gthetr o Rst

| aande areas. | np adsi troercal osptproesams omeradi dteevretlIsy o
DFS, whereas streams within native forest envi
of sedi mentCldaeproditt iedan al ., 2020)

Not atbHes e wree ulotbs anent ehdb dusdiiomjgt dda seoempl oyed i n
compl enogunrt f i(Hairndgeag .etFad .i,n2t00DMge, ( REI Rapi
essentially assetseeshei i pari antCoMdteporr, | ni
measur ement of deposited fine sedi ment using
undertaken in our study.

Th study Clhapouac@® @®dlychd .consi derabl e signifi
guality nature odt atwaosnndaf@.hiFgh sgdal, i ttnh eaes i t
regional council s adri assst eNnetw nZeetah cadhadl, o gvhe sc hf aur
aligning with the National Env)(Midmmee et 2 Ra)l Mo, n i

D

Al so, It i stwerthametildgrelgaobnal councils in |
was | argely representati (& GNZ, aMdd Z39vge ro,n atlh ec od
exhibits robust statistical power, <collected
ninegi oms neyedd apcott. et al ., 2020)

This wealth of data significantly enhances t
representatiofCobhpocatioer’hHeatarxtndd2i0)e coverage
the wutilization of contemporaghbass &es mbobodm
findings accurately reflect genuine national
gualCtapcott. et al ., 2020)
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3.3N#d4trate

Medi an nitrate |l evels were highest in pastora
forest stresathysp.oibBbhdts has been f ouFadr ienxtapnepelve ,o
study by Youfngured tah a N BAeNnGEgrha)tNe@eomcent rati ons
highest in pastoral sites, followed by hortic
concentrations.

Additionally, the most recent anal ysi s of n
(Whiteheadpebvaldes 2G2B2pest benchmark to comp
analyzed 828 site30 iyeHdd¥epy nhHhe amlgand dwWeODndand e
fouandstrongsharedlatross nitrateAddidt MG@h ansaksp s e
found that niltewedesea nhd mgsheetdi@mestcor es wama | owe
horti csulrtewlarmes!l/ Irn vegmparasenand sedi mamd MENel s
scores were highes({tWhint enlad da d. ee tf oale.s,t X0 2 2)a ms

However, the collation of different ulsaendmacgove
hinder its appl(iwhabielhietayd. ie@ pwaldi.$ i t0ietPyat edi s
higoghoducing exGot shotgdtaispsi ra e apndds iegna ®d 8 tho a
@agricailamdr xloivWhi tcd meesasd. eAl tahoygt 0t2l2eg resul t s
still valid, it i s important to duisfef etroe nctoirart ee
identify the specific orig(ilaramed deRioveli.s, s aFa0ned
this observation i sLarimgead2iCgiBthaeld.hi i slcessepgoh
over the |l ast 20 years has focused primarily
pastoruasl, Ilwand studi esusoen l|haocrktiincgu.l t ur al | and

The assumption that nutr iuesnet aroes sierss ifgrnoinf i hcoarn
pastorusle Isamredns from the vast difference iIin | a
Zeal(atnadr ned et lal 2013018 )airy farming covered
whil e hortuscaldnlryal,3 pamhidd &tt 8B N Z ,De2sO0p2ilt)e hor t i
occupying a smaller area, recent reports have
hectare annually, similar tdLeanes ebs®whivegd 2
underscores the need for greater concern rega
ecosystems, particularly considering tiwhsee i ncr
(Larned et al., 2018)
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Whi lie wkdrndwn that effluent containing urea fro

contamination in streams in pastoral areas, r
i mpact of h ou st@Lcau Intewdr ael.tH d sslenwghre2 O InB)r op er appl
fertilizers i n horticultur al areassr dam Mietemas

contam{(batned et Hoaweye2018here remains a nece:

on fertilizer application methods, storage pr
in horticu(ltamrmmdd sett tDeels.ps t201t&)e di fferences i
nitrate pollution betweaearsepadsther allosasndorh odretpilc¢
vegetation is a common i ssue liena dhitrhg rsatgens fiin
(Al'lan & Johnson, 1997, Larned et al ., 201 8;

This is Ilikely due to the assumpus®nauglinlas e quluit
compameg astucsrealduleand the | arge di fdsasnaxecumy

i n New (kealmad et Speci f20c1ad)l vy, rretcheentit Neew or t
Zeal,damidry farming ocZx,uddle,sd4 6P pheoxtiartadse | (yas of
s ame year, houste cact3ppapB1l7 dinSetcattasrNeZA | t A )h

horticulture occupies a mudcihafiowal artaat éhlke:

exceed 100 kg per hectare annually,(lsammédcdret
al .,. 2DHiB9 i ndicates t hat tthhee reef fsehcotusl do fb eh omatrie
on str eam eescpoescyisatlelnys ,wi tuhs et hientreinse fi nat iammd a
horticuluts(gt anndedanat al ., 2018)

Whi lie wkdrndwn that effluent containing urea fro

contamination in streams in pastoral areas, r
i mpact of h ou st(@Lcau Intewdr ael.tH d sslenwehre2 O InB)r op er appl
fertilizers i n horticultur al aressr dam Mietemas
contam{(batned et Hoaweye2018here remains a nece:
on fertilizer application methods, storage pr
in horticu(ltamrmdd sett tDeels.ps t201t&)e di fferences i
nitrate pollution betweearsepadsther allosasndorh odretpilc¢
vegetation is a common issue in both, signifi

(Al'lan & Johnson, 1997; Larned et al , 2018,
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It is cruci al that we have a comprehensive un
streams as a result of puwsoe |pr(aAchthiacgeesd 2a0dhr b p

al .,. 2DHiB9 understanding is critical i n prever
qguaiessi of ni tr a(tll liaan ,waz0ed4wvaylsarned et al ., 20
et al .Suem20mpact s i ncwhiideh eauuam opbadattioont he
per i phywhoiacphdcelpy ckit esol ved oxygemsteeambeantalsir
(Francoeur & HBwgyser, 2066) al | stream types a
prol i fsaurcaht iassn t hose subject to frequentorand r

comprised of fine and daurgh& yBimpdswhe@d)s va b ¢ e
organi sms alhsecram miet r@adeced,l tadnintgr it tf eStivmdgahcg &
et al ., Sgeerh iccoan vileya,¢ mroigtl roibtien t o med ahmkeotody | o b i
oxygen and subsequEeditngygh retsudlt.s, i202¥)poxi a

The cumul ative impact of these factors can | e
stream ecosystems, r es ulsteinnsg tiinvet hsep elcasess,o fasm
byGuti Bi aé z2e02Bls.s udy obseravsedM@lh,i sQMCIf e tASPM
anE&EPT richness and abundance were nottahbalny | o we
native forMdhet Istkredamood t hat nitrate concent
rel ahigbk| yespecpadtlor agli veemmd thaartt i cul tural stre
nitrate navelve ttlhamrst st riseammp o rAtdadn tt i © o a lnloyt,
Macroinvertebrate Communtat yveéetnda®VeMCIloyr i agn d ail
desdgygoeassess the presence of organic pollut
evaluating the i mpacts of nutrient enri chment
indcaaeas cialpe uefef ects ¢Stmarkr &t Mapodoledut 2010 7)

3.3PBsticides

Pesticide usage represents a significant thre:
organisms in gtBigdamueedsyadt.ems2020; Knil |l mann
2018)Al t hough not includedsirmai nftoss stignialiel yp edsu @ cti
may account for some of the Howevegu] ngotdands.

pesticides were collected, with theefoll owing

Specifically, further aaladryg i wiD®ié r B4EIEde reorvde r QN T
taxa rnrrewneaebed significant di fferences sol el
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streams. This finding is noteworthy as it ind

use that have influenced these findings.
Thi s i nterpretation S supported by the fac
environment al s endiimedntitaamrdgep 8 owoicnddni &89 on -uastey pes | ar

there were no significant differences regardi

and pastoral streams or bet wRiempiligya gte@arsaln abh @
expect that when there are statistically sign
t htehr eausleandypes sampl ed, it should result in
metrics aaoasess al l |l and

Given that other environmepntnall rfigcatrarasn scwonhdi a
account for the significant differencesitobser"
i s posspiebsitel ctildeet usage mi ght sbues ptihcei ownn dsetrelnysi n
extensive use of pessecihaddsthei hokhowanl sevalk e

macroinvéHagbmahest al ., 20109; Knill mann & Li
Il n New ,Aeat aodl tur al activities have been ide
applying an average of 13 kg per hectare, sig
applied inugieManmkrt &Il owared al ., 2005; Ministry

Fortunhnhbaegtpn, due to the i mplementationthhd upd
mo s t recent nationwide analysis has shown t
groundwater wells has decreased from 24% in 2
across NewClkestkta&dBanadoiwekv,er202d)i s survey did
any of the 10 wells (Cé¢otsed &i Batvihe | Bay h@B828) sr
may challenge my suspicions regarding pestici
macroinvertebrate metrics betweervinatuisvetfudne

reported $ugaagwsuwspindhighhgds i || valid.
For inshmamncenwi de survey primarily focused on
groundwater utili zed for human consumption at

(Cl ose & Banalsts siesnt 2®&R239)o0 distihgesbbal det ween
andreshwater aqguati tymacganny ms | e bpraattetsh.e!l dahi
concentration in which mortality occurs in fr
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than the threshold detecti(o@l dgeni& sBarmrsadi dk, g2
& Moran, 2008)

The dwxasmpl ei sofriateh i smort al kiyRaman et o poish gptl ani |
ocegwidn the Oraka stream in t((hki Wae lkya,t 02 @ 28;i olni
This case invol vedyperemeatptyrlaiims encgid impchiedSetuf@e n e
forests adjacent to the Okara stream, lrsesul ti
crucial toiemghamdi goEft itwbaater and ssheodwerte nnto sparneps
of pesticidebur Hoewe viéikmegbissrue samples, cype
bel@awcepted detection thresBobdeqguarctingy,r atti ow
suggested that the spray drift or | eaching of
t he mdaslsi t@om@lfi kg, 2019)

Cypermet hrin-biased peseéetili died wi delsypeasadl yni i
horticultur al industry and is known tmorbe hi
example, iWether sUOPBHYdwas observed that acut
macr oi nver trelr aatte st hoec ciomacreend ifr alflyi( pMgdvaer & Mor a
20D&urther mor e, i n &h&Mos andsyiyn@ & Weameér decr ec
abundance and diversity of macroinvertebrates
aeri al appli chtaisend coefbs etgor ed thrr e0d mds ranging fr
(Werner & MBrwmnlar20083ults werebyahswi oks&eddgy
(201%m) compari son, the concentration obobheyper:H
Oraka stream ranged b(eltiweg,n H5011D) 25 g per hec

't i s worth mentbiaosneidn gi ntsheactt ipcyirdeetsh raoried f r equer
PBO (Piperonyl but oxi de) to increase their e
because PBO deactivates enhymegsistilwat haind oirig an

mi xitimg@se t wodrcaheanmiiccaallssf y i ncreases pyrethroid
organisms, making detecting them significant]l"
Al t hough in the Oraka stream case, spray dri

pyr etbharsoeidd pesticides entiemédce tmambisthyoe am, ke
individual s, there is anotwherc hp dtslHvaayd kimé& nwhuii o/
20009, Liu. et al ., 2004)
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It has been established itbmspdewibmsers extdireadamelsy

hydrophobic properties, meaning that they are
through(Hdagemaomnet al ., . F201®xalmpu eel a snk d wseR i3 Q -
20Q02he | ogvad cctrtainmalr c o efyf iocfi emar i(eBuass ey rpeetshtriocii
ranged bettaveFoeormnt ext, chemical s owiatthuea ahieg
hydrophobic (repell ed blyoweat/enrg)gyaalivheel eKertch ot e
hydrophilic (dtMond adotved nuo &WMdtasvrii)ds, a2 O0let)ri ¢ o1
chemical prefers to be attached to water or s

The sorptiormacfedpyprdatelit ecide meds by 6 factors.

i mportant factor i s the phys,scuocchhears ciat s plriop«
(represenctweal bgMmoilderedu Kan Laskowski e 200MRhi sLu et
factor is theasmsitt isnproon @alnyp ydregcdehrrna inde sp eashteit chi

bound to seldmwment a®wlrligoivetmey bi nd t o aquatic or
macroinvebLaskhowas kb, 2002Theusetontd. falk0Da&a®)i s
area of sediment partroctdesdeaseceadvessaspthense
due to a subsequentLdeetr ealdd,ei 2Oodud)tthia e eqgcd aomtai t

guality of dissolved organi o endautctienrg, tahse pcyornectel
pyrethnoiads tweataeanr cfoil futmm . f adteor i's mohaestiama i
sediment are in contmastt heviltddngtompofi ohi macirea

is the salinity of theowdserncwedabi bp(elaus oestpl i
al . ,. 2019)

These faclaoly, thha&r tpihcyusi coc hemii da lp e e evdderisye s
i mportant as they de(leu metnea ltt.heiy2 OQdiedt)te & ens ielead o ix
wi || remain bound to sedi ment upon entry or b
aquatic organisms, ,resbbtdingLmoebdaktyge20l9pc

Il n summary, these studies haofe peoexnficimees the
pyrreithta s ed péebdamndes)se embetcasi agdi ar macr oi n
extremely | ow and céewltirommgdyest ot hhedepotenti a
application to be an underlying cause of the
observed between native foresHowaeddomortfifeak su
pestioni New Zealanystsd mse aimns exn area of researcl
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This need has been bhaghkdghitad abinlgy (Wi @@ #h8 )t ehpo mte eb
research into ofhe howvtiradbl o nerfadltercé @amd ecsey st en
macroinvertebrates inhabiting them.

3.3S6ream flow velocities

| foundditaamtf Imow vel ocities were highest 1 n ho
then nativeHdweest, sthhieamsesult was nqothetat:i
wi de v asrtiraeba msa tg/xolsisb iatluls etsisapeoeshed laineinge i n det e
variations in flow velocities c a-n0s e e p rsad teil ¢ye
Additionally, stream velocities arehbéighhgubla
measur ement takmamotnatbus até¢luy ydryenparne scesnto ft htel
environments.

While it was not euwlsd heaxhihbirtta & utl teurhail g H easntd me c
this particular finding might have been influ
horticultur@Comitieset almdpd4e)d2007; FIl int

For instance, horticultural streams had the |
Level) and were offhasb@ighegrapheaaml ocbdaracter
more substanti al role in causing the observec
related to horticultur al l and uge€onSavereal aflac
Flint, 1974)

Fird&tlgwletrit udewoerachedr streams typically exhibit
significant increase (iCbhmgrtayviettatail aldia¢2a0e0’g e tFil a
streams accumul at e waodrederf romi bnhu naertiecesgerl ogve
augmebhheng flow's magmhtaedenandasetuémkbeoswi dead
ratassddarlgyer vol dimeshafsquéva i @ fywindepg€o mi t i et a
2007; Flint, 1974)

The widening of these channels creates a syne

acmwodati on, further ampl(iCoymintgi tehte afll.o,w6230 Onve
Mor e owetrer velocity i s nohtiagbeléeye viait glloaweerrchemd st r
cat egaomuedsngction. This reduction ifnr ofnr incattiuona
features | i ke rocks and vegetat i on.malnhoee ukvirnee t

through or around obgtCocmie,s 28010 &gV el idnts,pl aT®4)
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s alsothekelyvahi on antdhes tfrlecawn hiod lidéee id t cikagns
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sheicpohnedst medi awhftbwmakéscseneeg giv-en t ha
est average elevation of 86 meters above
| owest medi drheifd loevs tv ed werida g e selbautat i ons of

e tbasdetadmine the degree -t ®e whin &dt iamd sh
uenced stream flow velocities, numer ous O
ges associ madededvi & ht-dumdarn oenxsa mml d ,aonager i c ul
resulted in adverse changes in the natura
s and | evees, chanda&llil aatti 20 0&@nd Bwathe r& &b
ifically, webydr dlavei belenchamkkes such as ¢
frequency of high fl ows, resulting in geo
sedi ment , channel narrowing and reduced
nelasngeersd iacnh chdrChelenpl Ad®f8®drr mTCopp, 1989; Jc
; Sear, 1995; Stevens et al ., 1995; Wil Il i

nelizatiwdneamd!| |l ekee@st har ed t dseadi Iwaa ned riendu
bank f 1l ow, resulting in geomorphic respo
riction causing dowrKowntdtoilnfg & eCuasriygan 13Pf8 65

et al ., 199 A sPrewtaegggaanndbstTa&8&) on has b
Esulting in a |l oss of ripar i anl evaedgientgatti @
ambank erosion and channel downcutting.

ough ttehhei cdhe gtrheee f I ow vel ocities of the st
uenced by uvasneshuopegéeai ol It owdadlri tshcwbsisl € he f |
i n shaping stream ecosyseemsThnd macberca
regi me has Graeé@vearrliaabbglrelodtbhuaatd Wwwat ef f gats it
ystem functioning, physical habitat and
ri bute to the ecologf{d&alfiint2®d@MOhe#VAKIOE N isft ir
uence that a stream f Il ow (rBeugninme& bhAa st hii sn ght eos
he form do&. four key princip

first one i s t htaitmigarmge, rmatge i d fu deh & if g & qoufe gécn

a ei gnidfeitcearswintarnetam habi(tBaunmvé& iAratbhiilngtyon, 20
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et al. , SpRé&2He cahdryacteristics of a stream f | c
featur es,safc las astst eame, and thus deitreclinuadieng ttrl
formation of microhab(iBanmrs & uArht rmisngtidd, e30 @&d;
2022)

Al so, the charadstfelravwtriegi nd ianfsltuheestmer t Aedt e
oxygen(Bewvrl & Arthington, 200FprSeagfmpbbwi oyl et
streams are prone to having higher temp-eratur
fl owi ng stter elaantsk doufe di spersion of energy in t
respe¢Buwmwel ¥ Arthington, 20TOhzZs;s uSdzya gskhi oewssis ct zh i est
native forest streams had dihesdlowedtoxmegemn|
the highest tempetatisresmpoHowaevet o note that
parameters betwttaetni sit d reigdlnvdpamet sott es di spl ayed
be indicative of morality or severe HdAdWAETrse ¢
gui delines show tchaantnorhadr di mwad retr@dwraszitnesse rteh & rh e
maxi mum water temperature was only 15.7A Cel s

However, the dissolved oxygen threshold value
arencl Bar i nshanclemer i da@mvisd ,urdeglpD7# 5 )e d mort al
macroinvertebrate taxa at di ssthbha8dhgpxygen co

Al t hough the New Zeal and Macroinvertebrate Co
sensitives oft abaa rorn qqavreird epolalteti on, which i n
oxygen(beaereks & Maxtbhbdédbe2ROTew st udiicecsasl Ifyo cars i
di ssolved oxygen threshold valu@rsaham &\ ekvr aZnek
2017)

Two st ucidtelse texsytgen Ptacgladryaan cuF ove g leva i arg n d
Par anephr op(sFrpelsahnmiaftrebhnescf ay § Deb phu &y Rb(ZxhRad)ds on
repo2@.efil@an mortaPatgatyat easfrtfear o4s8t rhicsu s s oa v e d
oxygenin(D@)e &stbudwmabPEamoarit.al ity rates of 50 %
Paratya a@uRlaraosphrem@md telranmi8f mdiusath.daiL- DAY, 8 2 mg
respectivel y.

Addi t jtohnea lAuys t r a@ad mamo Isl@y0 Oee) baylr t ed macr oi nverte
when dissolved oxygen |l evels bteamall ewvéectlsarl
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by macroinvertebrates becoming more prominent
10%. Specifically, it was observed that chiror
reduced emergéemées. hFght unmat eldy t hwit | Imalcigloalbye e r
away f rooxny glemw envi ronments before morality oc
i mportance of temperature, asibhbeemeé¢abasi tem
i ncrsseakldkedi ti onialliltyy dafthewastoéubdecr ea,semearsi ng si
can hol d | ess di sspotliviesd mxygment h&tss e hei alxlyy
macroinvertebrates riatcrescassss @amnalt eorx ytgeemp esraattuu r
greaatwmtlexg hypoxia wi t(hGonn nnoal clryo.ientv earlt. e b r2a0t0eds)

Additjomal Icyhhar act er isstfilcosw orfega msti@admuence |
avail abi lwhtiyx hofcafmnoad fect macroinver {8bnat & co
Arthingtolror2@a2afnpolwi,n gf assttreera msuocanspmpepviydefao
matter and detritus ((Maur@ROMBRwhritcihcutanhe f @w
macr oi nweht@ae b rparteef er this fop8zadgkiegwiscwc he ta sa
ConverseftVvVowshgwetreams can nactchuenruloaetmeP aaltg aclu l
OrganirdFPOatptoe e nftaivaolulryi ng macr oi nvert efprradzd eer s pe
functiofg&®&kagkoewi cBoweveal, ,arRtOlR@¢&p digaesn ibe elnafd
affect this food.dFerribstiaowcesi ¢ hGrfaenmenrE lueyto pe
(20 1&83nNdPar do & Gfacwkwrrd,t R&HtL6i)n response to reduc
of ffieletderng macroinvertebrate species decrease
FPOM.

The second pwaii mdiaplher nigd tphaatt erns of | ongitudi
essential to the viability(BdnmpouArathiompt eor,

prinki ghdtihghti mportance of maintaining the nat
macroinvertebr ad ahinseptearcsoemnbuentiweieens di f ferent r e
t heir p(olpiuleatt iawln., 2021;. Szagkiewicz et al ., 2z

Di sruptions to the natur al flow regime can ca
exceeded, preventing their ability toFdhspgr s:¢
1992; Li et Fald . i n2t0&2rildrey i nteh e& EHlaBHN)igdodye g ht ed

susceptibility of macroinveTrtiedbh (g3 dee dsdpdeics fels b
speci fOlc agloleym@lleit aonbomi daege fluctuations in th
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of water fl ow. Specifically, It was found th
remained | ow during periods of stable flow bu
in the magnit ulder vofnes t& eHaenm rfilqouvess , 1984)

The third prahtephei oinss tthoatt he natur al flo
i nvasion/ succession. ofFoex,ekengitvead haeb eO2 0s)md c i
i nvesttihgepatef fects that changes in the flow r

establ i shment of th®®achVastaeusnanbgbdi eld blpds it «

crayfish. 't was fo#fihdwtlcanddur on gP ayceiafeassstoatccuk
l eni escsulabd i ahenend 80 %. Conversely, the succes
was 1.6% wunder high flow conditions. The 1 es.i
juvenil e i ndirvoindeu atlos baerien gmodrileoppl a ®oedl i unmders Ibiug

undesf Illoow condi ti ons.

The fourltels hmrti maiumti ¢ species have evolved |
to the natu(&kzadkowwirediomeveal, , agodR@&agphnothis
necesappligabl e in Nmac rZoeian vaenrdt edtr ragiatm wiodmarsu n |
i mpor tiamt e @densktiignhgt s .

| thas been identi fiWidntiem ba bi@® SfiejivatawNew Zeal
macroinvertrebwedaptepgetliesi ble |ife history pa
unpredictable environmen's af | @w nRdoert oiomsstya nscuec, h
found that t hrmea ccroom pnovseia trhiraabmr ia tf falensc t d roch a | feedin
exhibited littl e di fference bet ween ,uptshe ean

composition off mmacrioomalerfteddiang groups and c
di splay a ddammafWernt srelacwommlet al ., 1981)

Furtheroévitdescphenomepnbhe Detwpg dwv &30BGEFNt hc h
found that macroinvertebrate community compos

taxa were similar upstream and downstream of
fl ow velocity, d eApdtdhi t 3 mhheaaWg P Oavgt wi &t Ri char ds
i denti fi ed DteH aeta ttiihdld wmwaty fhlayv e an upper | imit of

study also noted that New Zeal and macroinvert e
by seeking refu@gdowrttoé&r Re.chabdsonpatel990)
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This observation could provide an additional

vel owbuh&@se had a significant | nddrsepmce ean itnhe
st ukgyr. exampl e, cobbl e was the most -upree vt aylpeerst
(32.3%), which supports the idea that the mac

had an abundance of refugi a teog Jsoeweekt ts h& |Riecrh af
1990)

Al t hough the degree ttsewhashabhhehedpbhenilcoway
sampil®dundeet aiona combination of the | arge ve
i nsi gniifti ciasn c p oasnstihbrloep otgiesamtiay hawfél uenced strea

velocities, and in turn the results of the m
i nstance, horticultural str ¢ dlmewehsatd mencki ahni gME&
QMCI scor est,axtahceh nlesswse satnd Si mpsondd nDicwenrpsairti \s

native forest streams haddtheghestsine daerddh a MICF
ASPM scores.

However, it is also likely vaatf |l ukeceldet dteisen
native streams had the highest mean el evati ol
Altheuglam fl ow velad ¢ ietichi essle hmeulltisk,el iyt shoul
diversity and availability of habitat and foo
its |l ower reaches. This -@bhs®&nv a\taundngo ttdy 9 &0 naalt.e
and i s a coRievGarsguen tC onfc etphtlee( RCE) .hi ghl i ght s t |
streams are <character ibzuendddagsenarrrpar, wditeaenge
provides an ideal abundance and diversity of
reaches are characterized by wide streams t hg
FPOMNd suspemasul tsiong disvanmwotbe detwadler, 1980)
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4 Chapteand:use 1 mpecteboate traits and
di versity

4. 1 ntroducti on

I n comparison to the trandern onlaé Naxiommani c P onle

Freshwater 20M20mgémecs that utilise functional
a deeper | evel of insight into ecOClogpcatlt peto
2017; Dol ®dec et al ., 2006 ; Da Cheadregce se tmaadle. ,t oz
environmental conditions of a macroinvertebra
use intensification caon hmaer aiitsapg éipbolarta tocd @ O 4
Dol ®dec et al ., 2011; Dol ®dec et al ., 1999)

These di sproporet iboentatteer eufnfdeecrtsst ocoadn tbhr ough t he
functional ¢$dnart pphhoysp habenfoilotoegd ictad pawbhit chi t mess i n
via their effects on gr owthhe, trhepereo dauacmp aome nar
per f obd(mainclel e et Eath, maooOd) nvertebrate speci e:

traits that have arisen through natural selec
ecol ogi cal probl ems, such as tléaemeitoomrme atl a
UsselBdli @t era et al ., 200D0Wease Viovcsemwmpehnhadéd !t ygadc2t0
di vedsitgéedee vsaari ety and distribution of funct
(Coccia et al., 2061L¢td Laluretd20@6) al ., 2015; M

Functiantas @are commbwdhryobephngtedl|l i htaits and
Biological traidsfaefftgct eanpbyganmnil ogdésal and |
as maxi mum body size, l i fespan, f e6¢ Wiss@ ghnd

Pol atera .etEadl.qg iZidell0aat)edi t e habitat preferenc
tolerances, tolerance to orgadiUs spPmlllliawwteiroan eatn
200.0a)l n t he bcioonmoenxitda o onfancgr,oi ntvex o seéby saittei vi ty

pollution/ di thurtthaence tdapdeamrsds Si mpl vy, macr oi nv
pollution have traits that allow themwhbobcher fo
dmbd have tr awittshvcionmgp aitni bslue¢ K|l apcenvti eonmént 20
et al ., 2PdM4at &dssegtl idl ., 2000a)
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't i s I mportant to note thatwoal tlgsoanmdersd triang st |
can be difffcebbuens!| yMegpereki pkedl ., 2010; Po
& Quinn, ThAitsé)l i nkade aiis soheoerdcwiryann or‘gani s m
bi ol ogi cal tr diitsg ofyagr thiavel dreleyn Icihfoeeepi hgr oug
adapt to differeihnn etchémomgwecrads prodtlt eansl trai't

direct response to a specific stressor, as so
environmeenans Taeicspleacagiesal traits have been sha
arreot n e cwehsbsyapas &#tye ,enmakieg ecol ogi cal traits

individual 's rAelsspoomes et tai ssrmagomspretéeteetd he
preferences due to-od fcsandAesptorgalnli esdnst rhaivte tlri an
gar antee the highest survival rate are selecte
traits craend boev efra veoc(oMemeeizceas! ettr aailt.s, 2010; Pof f

Quinn, 2011)

|l tcigstobaldi scuss trait tradeoffs and syndr ome:
considered when using mac(Meneepestebkbtatés , f @01

2006)The first impltraitit®nmay haaue Resmpescelesct
problueel ated to its Ahab,t ptol putifenlkkahmesear ban
signidfifceacntt on certain species. Although macr
similar ecological traits/ habitat preferences
di fferent adaptations for | itvhianng pion |tuhte osna nde se
significantdlyo@ifd¢ @Ilctt h & ®ime i lmenptsheecannsdpeci es t hat
This means that although ecol ogi cal traits ceé
community wil |l respond to environment al chan
species wil|l di ffem t meitrm eb(Olragipomtats e¢ th adslte.d, 2
et al., 2010., Poff et al., 2006)

Due toyndrmomes-pffsaandt ciath ébcdmenfldphe nto empl oy t h

t he response trait paradigm when assessing
macroinvertebr(aMeeneczemmweni tale.s, 2010; Po.ff et
Response traits are essentially any traits a
environment, including i(mDetleraes & fMigdlall wetti, o 2.
al ., 2022; St &f k edeets ctrbi gbjet B 0 bfBfpeacntiss necosystem f
andan also be wuseful in assessing the effect
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pollution/disturbance i1is significant enough t
functions that each macroinvertebrate specie
reducing the abuyyithande ngf tehaad h faumeadii @igeanic yr.ol e
Il n turn, this can negatively affec(tDetl ea ufeu nkc
Mi chalet, 2022; Schmera et al., 2022; Sterk e
4. 1. Metrics of functional diversity

Il n this chapter, I tested five different met |
di veFsntyional diveehsi¢cogmpsenemretf s nefd laisodi ver si
ecosyst el Sephenreataeset al ., 2017; Tilman et al .,
Functional richness is defined as O0the amount
(Mason et al ., 2005 Fus8chmenal eriahnegsg0&%pent
di stribution of trait(&il h®eaer eedd abupgatiOdmBanimt
i ncreases, so do the riDd megs efti lalled RYW1dbi)ffere
Funct i oreasls e vseddheef idniesdt raisbut i on of abundance ai
(Mason et al ., 2005FuB8chmenal eevahnes20&@3¥ent
t he di sotffru rbcuttii coma | traits acr Bbsngneetlabbgi 8
functional esvdrmmdassalilmmliiches are adequately U
functional traits across an ecological aocommun
unequal di stribution of functional traits, me
organisms within the €€cotcbgboal ¢todqbDimigt@tFi at
2016)

Functional di ved pendegreedebi wwénd cast he abunda
di fferences in functionadl MabBbanaetermasg . wi 200 ; t
2017)Functional divergence essentially measur e
of functiamaeécalragitscali ncommy ii thyg' < t.t radti. t,i rgdlalice
that an ecol ogi cal community with high functi
niche differentiation and efficien{Dregoetcal
2016)

Raobs quadradt®beeceaadepyné®aas the pairwise di
traits of organi sms, weil Phnhngdeby at hei 201 él aRia
et al. ,TRiIOsSL7metric essentially combines funct.i
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for the relative abundance of different speci

|l ndex but instead( Diorg feutncali.o,na20 1dG ;v eScshmer a ¢
Functional di sperdsiisarmr iibuutdeomi rodd tasaittlse i n tr:
their rel ad Dvegabune&bsseanz2llad) vy, functional di
or variability of functional traits within t
accounting for the relative abundances of the:
hi ht if aoma | di spersion will have an assembl age
t

(0]

Cc
g

raits, while those with | ow f@ubichg oatal ald.ir,s p2(
ampl e, a macroinvertebrate community with I
n

ge of feeding strategies, while those with
4. 10Bjectives of this chapter

| midshaptakad o i nvest i gatueanhtamaesainopascdd icdennthave «c
Stream macrtorianivtesrntaehbdroantadel hd/ipwdrheistigredlomhape aio
|l osses would | ead depwesgdteidv dainhdampaectdsomefuncbDFk
di vedionhgson eUnaédr.pi nnG1In7g) It hiey @ o tphaetsti esteads nt h
macroinvertebrate trait modal it iuesse,waouwelsdplerce s pr
predicted that(mmbeét bf srepy oyeatri el ; c yocsleensi v o
mor phol oggypi(rgaitlilonr of 6@qgu & Hi(cc réanwmfg enmyt U aotni ¢ st
6crawl eam@d resource acquisition (bHéeftlaed) nhgab i |
would all be nelfFatDole®ded mptacaled, b011; Judi H
et al .l,al Por&@d bt the followladghawe adtpagsn etsw av
sedi fesntbmeuvuigedbtsii ded, 6 s@ndegepr, tCd atpedd t et al
Dol ®dec eRhialli.p's, 282 @&hnRi|jtlhi ps & RRee gda r-d2s@ebga Il gaen d
(nat i veeo rftorr apssttsetdu rteo, a ncdo nnt ar tahset eet dif ot wolepsréed ddi )ac tt

the foll owi mglrkcdalpidtuire sr 6w 0 s i nsgclreddp, e rdGasl ugbanh epr
6eggprotecteddé, oOplastroné(Cloapgacttt &t dal3.o, D
al ., PREDLLps &OHARi|tlhi ps & Reid, 2012b
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l1F8nctional diversity indicators

nctional richness of macroinvertebrate comm
e greatest variance, followed by native for
west in the horticultunat statamsmsi t=30hlk0ges idg

0.11) when deposited fine seRFiOMé&nTta b(lDeF S1)8 )wa

nctional evenmerstsi oualstedrmagl,h es o | p ansveadnrda It ohseenl y
tive forest streams, but v alsuee st yweerse (rFelgast.i
ese differences werR=0n®8t7)s twahteins tDiFcSa IwWlays d ingn
0.48; Table 18).

nctional di vergence was highest i n pastor a
rticultural streams, but valuese weypgesag@kFing:
c) . These differences Pv@®@r 84hotwhshatDIFSt iwasl |

varPr@at®0y( Table 18).

nctional dispersion was highest in pastoral
|l atively similar, and | owest in native fore
atisti caR=I0y 88i) gmwihfeinc DFtS Wa$P=0ng&0 udEablas T d)NV

ods Q, which is c¢cl osely rreellaattievde Ityo sfiumicltairo n:
nd use types (native(Fiogestl7pasid®epl TRKRheéaoet
atisticaRI0y 99i) g wihfeinc DFtS Wa$P=0ne 0 udEablas T d®)NV
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ffuohet cbaabgedianardi fy ome taicigsvess tr etaans| a me gthr e e
agwmegttalcul tural) in the Te AwakhundtTaonahgai ¢dhneé

nness,d)c)f uRucntcitoi®oart g bdREig@veearsgi eonncEent r o p y

FigaBBRarchart o
| ande tyupeéeve(p
Functional eve

| tmo dfed smtmisxedg changessfonméeiobphas df vemasiodbiynwa

Tabl.AND¥A resu
streams in tbese(hataVel Aodest, pastoral, hor tliogulttural ) in
transformed % deposited fine sediment (DFS) was included in
Response Predictor F-value df df.res P-value
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Functional Richness Site type 2.5 2 16.4 0.11
Sediment 0.29 1 19.6 0.60
Functional Evenness Site type 0.15 2 17.4 0.87
Sediment 0.51 1 17.5 0.48
Functional Dispersion Site type 0.18 2 175 0.84
Sediment 3.12 1 17.2 0.10
Function Divergence Site type 0.19 2 17.5 0.83
Sediment 1.14 1 17.2 0.30
Rad @ Site type 0.01 2 18.0 1.00
Sediment 0.25 1 15.6 0.60
The correlaahi ommcobinvertebrate functional di
evenness, di vergence & dispersion) with DFS w

The results of these five analysesureva&éf)edwhn
the exception of functional divergence which
19c; Appendix 2, Table 21).
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° Multiple R-squared: 0.018 Multiple R-squared: 0.049 o
P-value: 0.527 P-value: 0.297
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Figda®lei near regressi onelpaltoitosn sdhiispp Ibaeytiwvnege nt Deeposi ted Fine Sedi
b) Functional evennegdgsy, Fa)ncRu rmdtaiko) @gRa pkirwse rogqenc e
4. 1Mdcroinvteraketomcddrces in relation to | and u:¢

4. 1.Qvelrvi ew

Thi s seoceadoanssessuehbers antdy pfFeor(Passttt jblo@t i cul t ur a
aneposHitneed Sedi ment (DFS) have ¢ &W\hbeu nCdhammntuen i t
of 58 macroinver(e@bratepsr &i Bmimdpdl ab @0iLl8Fi t moc
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to 16 bi od ofdoitucraali tt rchbéotitesghootliidegsy ,hMosbti garnytkysR ur ¢ e
Acqui)iPthiidond i ps & Smith, 2018)

Traits r e@Voartpehddd rampyt ihmeu m p o § dondy afl | Gsoidbgi 1Giotrym

andespiration of aquat igo dadsttag e sedli(afiteetddiiitsod dtnbdei n ¢
Gmaxi muummber of descendangd&axiemum erppumbdairctofver e
cycl es gpammbegearof reproduct igvde f erytdiuers Gfer ad wnl
G eproduct i & @vitpeocshindidguge/ sengdarsdhg uat i c( Bhialgleisps &
Smith, 2T0rla8i)t sdMokidGiinecddi tsemai i on potentiaald (all
@ tachment to substrate o GBmgait s c rRsdtsactguerde et @
Acqui satdeendi ngbahdibettary @Thkeeseaht &8 omodadlei t i €
compr i sielnég kihcel ogi cal trai tGWMava ed ed e tvaidl efdr olme |
macroinvertebrate communities of the 24 strea

Due to the |tarragiet nmiontbeelri tafe s, a summary of t|
(0. Oisp)rovbdledwesul t-mo dbd |l msMN@Wa aldeidf ftehraetnces d
| ocadusleand pCeWM iatbundahmoéd owfi ntgheé¢ r aniosti mmoad & ic & n ¢
with the inclussiogniocfbovaamidiagté{hke xdld bal)equ nd v

(P<O0 ., Ddb2Pep | WP ¥.;DHb2Bes ur GREDe; D BRE hr edfPd@r 05) ;
Tabl)es ptbcd(PxI0i. 9N bd Yamo d e r a P<€0sl;pDex b4l Ye.

Th@WM abundarnfodd dovimeotghad i ti es were only statis
| aandgawhen sedi ment was idnaflod@fe .¢dU &bsll)ed 2addt amiealt
P<0.;08b2pdeD(PL0.;04ab2kde HP40 .;T4ab2 E,P< 5 0r pd 1
(P<0.;0d4b30ed d@EPX 0 .;0&b Res i3mMP« @ .; 0&HbI Yedt WOP< 05, Dabl e

3b® ggpr @P<elbiDad3l Be

Addi t jtomeal momlalhh madwaged st ati st idciaflflex emis grsieéfainada n
(P<05 Dabld3peven twieth ncl usi ori@fnidaewvaamae@s Bad(sl ea
3p.

Poebanalryswesal ed signi fi camntb udidfafoecreesrsc d sa nidn utst
the following modtahrmebedebi t i The WwWelt éowiggi fican
forest and hordle®&¢¢Proyud dAlppetThd B e HP20.;01

Appendi x )2a,n@&TuabbnmedP €30 Appendi 3y Hawe, Vel @i 37T er en
i n QW abumbaradaeddd@t ween native forest and hor

104



mar gi nal | yP=G.i @Gpipfeincdaanb8 (, The f ol l owing two mo
statistically significant b:etpd@eOn O0pba s tAoprpaeln da m
Tablle a&nvdP O S50Appendiabvd®lLhe di fference in the C
t he mdediarbgétey only mar giPA@l, 0 Bppegudi ki QanfTabl e 3

4. 1. S$%He2ific trait modalities

Regardi ngnatxh enutr piotdent heffiensame | t i0es9 ,z5@ dz)Gl 2edd
0si,zsa DéemMd i zwlbi ch werfktorandi ysetamdessanpPESS s
(Fi g20y e

The CWM alsahdaheensodverhedtgygher i n pastoaclads eslty e a
by native streams anki glhad 2wk ical atuirae!l ptsgier
pastor al and uhs(eri tgiua Uyl st2udrieadl 6 nloate ddwefefne rt hues et hr e e
t ypR=9 .)®i8tslredi ment icrowlauRkéd Ba&bL2 Da

The CWM abofhsiame®®d ghleor ti inctIr t@ma lc | fodlgplagsweodr a |
streams and t hebun awaise eraesltajte avnesh ly | silisasidiggurr eac r
2Db)The dif fegielmeteweenn t hRues et htryepee 61 asntdat i stically
(P=02 Bwi sBdi ment i ncl uRF@ld7yTab2lPaa covari ate (

The CWM abundancesionf hwsitzedd twearad Isisglearmms f
and then natisz20csitzadhahs noplré tgwed érert hes et htryepe sl
(P=0 .)wi6tslredi ment i ncl uRF®d; B&8b2IPa. covariate (

Th&€ WM abusdfaneéeedhe ghreatsitmreeams, foll owed by pa
thbarti cttreelamaddsiensesrs rel atively similar acros
| aoes@i gudys 2684 d nobte tdwefefne rt hues et Ryee®ER azhpd

wi sBdi ment i ncl uRFE®4dOTab2Pa covariate (

The CWMunda fisciedbvehei ghbor i ncuf olbtaiwed by pastor
theati vetfreradnotwe weerm, e It ehteiyvel y simil ar across
| amds€Fi gueps i280bi5d nobetdwddrert hies et hiPeBegstiatnkd
sedi ment incl uRk@E3dTab2dPa. covariate (
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FigaoBRoxpl otlsamdge ¢ hien ct he Community Weighted MeanrmmxGCWM)m abund
pot entéa @l o $3 zteh ruesee |tmydpakehs ¢ |éagntadhtoa rt d Iciurd t tAvemInei / Taur anga Har bou
a yizel b)size2 c) size8, d) sizel, e) sizé.
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TabA20B NOVA resul mopdfei esmtmistedg changes in Community Weighted
the maxaimum pod entihaltesd @etaypdsan(dnati ve forest pastoral, hor
Har bour btasamsf aomed % deposited fine sedi ment (DFS) was i ncl
Response Predictor Fvalue df df .res Pvalue
sizel Site type 1. 37E+1(2 15.5 0.28

Sedi ment 9. T®E 1 20. 0 0.92
s 2e Site type 1. 38E+(2 16. 3 0.28

Sedi ment 2. 04E+(1 18. 9 0.17
si Be Site type 1.45E+(2 17. 2 0.26

Sedi ment 1.02E+1(1 16. 3 0. 33
si Ze Site type 5. 5QE 2 16. 4 0.59

Sedi ment 7. 5BE 1 18. 7 0.40
si be Site type 1. 80®E 2 15. 6 0.83

Sedi ment 1. 14E+(1 19.9 0.30

Regar di ndgbo dthlee x G miitlthi etripermemed &l i t idecsf d deaxiw bd de &k
hi ghhfwhex h were analysetdympgaam®tDFandFi gure 2

The CWM also fddeafdlwexhe gher I n horticul tural Str e
streams and themwewd®twgrree |sattrievaerhsy si mi | ar acr os
| anss@i gua.ndfslheoxwie d a s tifaitd esnti dcobeltflviye ese gatee t hr ¢
use (PyOp.eCBm bl)evi B di ment i ncl uRFe™d4Tasdb |)alPo @nhttiovcar 1 a't
testingar maegsliegdnlildyi fcfagbrteetnvoeeetni ve and horti cul
(P=0 . ;0 5Ap p ehahb Iye. 22 2

The CWMundcdafdcoewbWwemie ghepatdtmeeams, foll owed by |
and hdoretni csulrtetpomse thery, wel ati vely similar acros
| andgs@i gulrped |l D2 wf | ex 6 e tdweneort tdRuds fete M(Py&daisli a nhd
sedi ment incl uRk@lddCTabl)a. 2dbvariate (

The CWM a lsa fihdiagnhohek g g h p a s tsatrraelams, MHhod i iooveldt wry
streams and thewlhwireaerleilvaet | svt€A eyg nssgamh 2l g f | e x 6 di
di fbfeetrween t e et IPyORSTSAlaIN® utddi Mmaechtaicangni Afl uen
ascav arPOailOea hl)e. 21
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(¢)
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T °
0.5
Native Pastoral Horticultural
Fig@ad&Ghanges in the Community Weighted Meadody WM)eamibtwindiatme e o
three |l-oxaealf(gdamnsgdve forest, imadther &le, Alvanwi ¢ ThhafgladpwiHlae bour L
chighfl ex

Tabl.ANDVA resul mopdfei esmtmistedg changes in Community Weighted

the 'lodygi f I6erRi bht eewdeoctaypdsandnati ve forest, pastoral, horti ct
basintrbogifobrmed % deposited fine sedi ment (DFS) was include
Response Predictor F-value df df.res P-value
noflex Site type 4.29E+00 2 16.3 0.03
Sediment 1.16E01 1 18.9 0.74
lowflex Site type 2.24E+00 2 17.2 0.14
Sediment 2.56E+00 1 16.3 0.13
highflex Site type 4.80E02 2 14 0.95
Sediment 5.33E+00 1 18 0.03
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Regar di ng®Boadye &totamafremmoadeael | t i®sr ecaadhdl ieaded e n e d
cyl i Mmamidcpahledr | dhlkese werdal ahalkygs ed eagayigeSDt | an
(Table 23)

The CWM aboaisd areaen! ihn egihde asdgaeraela ms , H oorltlioomeldt ury
streams anfdo rsdiwteRimpiRipd e2 r eaml i nedét weennohedti:
| aande ((PyOp®Babl)ewi BBdi ment i ncl uRE®bdeT,abl)a 2B8var i :

The CWM alsa fifdaantoéirce he dgihma t if oe setsrte a ms foll owed
streams and thenFhoguwh)&da lattathrecavesdida & iesatmisc g1 | y s
di ff dreeaween t he et IPyOpelsh alneéde @ 3nendt not have an |
as’ cov ®WODPATtaeeb |jePo230bc testing showed a margina
(P=0.05) between native fApmpexqntdiasdn), Roaarti cul tur

ThéeWM abupsd@ydte e he gheorti cul tur al streams,
streams and thenFihowe)@dc®l i ndal cal dtevdénadn ntoh e dti
| aande (PYOdiegwi sbdi ment incl uRk@ B85 abl)aa 28variate |

TheC WM abusafsmphedwiecha!|g h sart ifivoe setsrte a ms foll owed
and then hor twihdwlht wrea le g (@i epalinhd es Pyh es ii mdallfadr edri d
bet ween t hues et hiPy@egwli &sredd itmeal uded aB=0:5TadV &r i at
2B .
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1.004
2.04
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7. = 1.5+
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= 0.50 < .04
o o
= = L]
w
0.251 054
®
Native Pastoral Horticultural Native Pastoral Horticultural
(c) (d)
0.3
[ )
2.54
o
- .
< 2 0.2
2.0+ b
™ <
a =
7z = [
3154 o z
5 D [ ] s 0.1
1.0+
0.04
Native Pastoral Horticultural Native Pastoral Horticultural
rir yuekocu A Pl vl o> vl il tunigce vuwaimniyvww o vy VVC 1 Yy 11 L T u VIC a 11 \kunyyabundance

fodamross three disfef ¢g@eetvieotalrebandmadther dle, Alvamuii ¢ Thuumalgh
a ptreamlined b) flattened c) cylindrical, d) spherical

Tabl. ANDYA resul mopdfei esmtmistedg changes in Community Weighted

t he dordeyi & ar mhreeudectaypdsandnati ve forest, pastoral, horticul
basintrbogformed % deposited fine sedi ment (DFS) was include
Response Predictor F-value df df.res P-value
streamlined Site type 7.35E01 2 14.9 0.50
Sediment 3.56E01 1 19.8 0.56
flattened Site type 3.77E+00 2 16.3 0.045
Sediment 7.24E05 1 18.9 0.99
cylindrical Site type 2.40E+00 2 13.8 0.13
Sediment 2.96E01 1 17.3 0.59
spherical Site type 1.91E01 2 17.2 0.83
Sediment 3.64E01 1 16.4 0.55
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Regar di nde stphier attriaoint of aquati @ stthaégoeeso d(ankoitt iiensc
cald equam il | adana@ae Gwali ch were analygsetiypegaan
D F ST a(b2b)e.

The CWM abwrd agod@eenrtei ghenat ifvoer e st e ams, foll ow
horticul tural pas rsetaragsa meamidcrieel eant i ve(Fiyg wipemi 2 ar
0tegumenddffdrdberboweeset Ppp dBODEIRdIl Meadt i ncl ud
covarrs08®eahbl)e. 25

Th@WMabundafgdvé mhé gihmrhorti cul tural streams, f«
and then nat i(Fvieg Brhed gkt | &t dhechtms® ¢unsddi d{RydE el s
wi tslredi ment i ncl uRF®6d7Tabl)a. 2bBvariate (

ThEWM abusdf@pn acdwe e gher i n pastor al streams,
stremmsch were rahnatitwhelny nait mivieg BBcog.e2sd s tsrit ¢ re@ no
not def veensd a(Rydddwi slkdi ment i ncl uRFed6Tabl a c o0\
25 .

ThE€WM abupsadf@necréeivathe gher i n pastor al streams,

streams and t henwmiadh vvee rf e rreeshHia ¢gsét b @dagn?sis & Imé | dair d
di ffer beswe @giogBansdbdi ment 1 ncl uRF®d2Tabl)a 2B v a
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0.0 whefuys 0.00
Native Pastoral Horticultural Native Pastoral Horticultural

FigasBoxpl ots oifntthlree cbammersi ty Weighted Mean (CWM) abun
Gespiration of aquatieacsoagesh(ieaotdiseftc¢maittyecigaisebandpa
horti ciud ttuheal e Awanui / Tateguraemth)gill, ¢j plastoood)aeriabasi n. a)

Tabl. ANDYA rfesoul tmd delds testing changes in Community Weighted
the gespitrati on of aquatibcnstlagesud(enotay pidnse h(dndai tnigv ee gfgosr)e st , p as
the Te Awanui / TaurathganHadobmed Basdieposiogidt fine sedi ment (DF.
covariate.

Response Predictor F-value df df.res P-value
tegument Site type 2.73E+00 2 14.7 0.10
Sediment 7.82E01 1 19.6 0.39
aill Site type 1.59E+00 2 15.4 0.24
Sediment 1.93E01 1 20 0.67
plastron Site type 2.10E+00 2 151 0.16
Sediment 9.88E02 1 19.9 0.76
aerial Site type 9.05E01 2 14.9 0.43
Sediment 9.37E03 1 19.7 0.92
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Regardi ndMaxh enuimr a iudnebsecre nodfant s per drleerfodan é i v e
modal i t Weesd@la H&2edic 3ardwhlli ch were analysedypmaga
and DBgB2b)e.

The CWM advafdeadwéehe ghest i n pastorkaor tsitawelatmsr,
strewmsch were redmdiwvieéry wsatmi Vear fdopodedses csltdr e «
di f fbeertewde e n t hues et {RyPeceBH B h)dSSe @ B ndeindt n@s i pavei cant
infl a®dFr®eaB® T @av arPr0a.@0Eal{l)ePo86oc testiasg atewealcad
signidfiifcfadnreg nweeen nati ve foresPkOgOdhplpendd xe 12t u

27 .

TheéWM abusdfadeoee2rhei ghest in native forest stre
and then paalt lweelidd | asttirveealns s u meFs guib Fcd2osds210d an d
not dieft weren t hes & httPe(eld Bviatshé di me nt included as

(P=03 pTabl)e. 26

The CWM adafadaweeer ghest i n native forest str
streams and then hoda)destldadiferndemweehi g he
use ((PyolieBabl)wi B@&@di ment i ncl uRk@ediTabl)a 26vari at ¢

The CWM adouid d bwedrbei ghest i n nafolkbeoWwedeby phasbeE
t hen horti cuWdhiuchal wesrter e a Mk Rit g B4rgle.&d e sdcidfiafl earr e

si gni fbied awetelny t hues et htPeed Sliaghmldi meot uded as a c
(P=02 pTabl)ePo@oc testing revealed thadatft édmsoaé¢y
bet ween native foredskO.®0ndAphpadadipel 2,0r al strea
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2 0.4 a
0.254
0.2
0.004
Native Pastoral Horticultural Native Pastoral Horticultural

FigaedBoxpl ots oifntthke cbammersi ty Wei ghted Mean ( CWhkimumbundance
number of descendants per reproductive d@le r oss t hree diskef é¢ppersveoéarebandpastor al
in the Te Awanui / Tadeschbhdpsc?cHlasS desc4 basin. a)

Tabl . ANDVA rfesou mdodelds testing changes in Community Weighted
t he dnarxaiintum number of descedicharnths eped @orcmappdeamn@dnaveveytbeest,
horticultural) in the Te AwramnusffdamednPadeélpodbionued bfaisne . s é&adigimné
model s as a covariate.

Response Predictor F-value df df.res P-value
descl Site type 6.73E+00 2 14.6 0.01
Sediment 4.13E+00 1 194 0.06
desc2 Site type 8.53E01 2 16 0.45
Sediment 9.40E01 1 19.5 0.34
desc3 Site type 2.26E+00 2 15.1 0.14
Sediment 2.75E01 1 19.9 0.61
desc4 Site type 6.14E+00 2 175 0.01
Sediment 1.35E+00 1 15.4 0.26
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Regar di ngmatxhiemutmr aniutmb e r of rpeeprr cydealeatridvhen ecey c | e
modal i t tseesnucndbvhd@ 8 wihy ch wer e analdyesetdy megaamdt
(Fi @bbr e

The CWM adboutr d @miectee ghest i n native forest stre
and pgdasthor awhstheamse r éFaglfadbky ot ddhbedrtawe e n
the thouee PuameBbbl)eoR8r obkbkdngehor aB=0a;be®bV &r i at
2BPoshtoc testing revealed thatf ft édmesnddey weeat nNa
forest and hoPWi5Qu lAtpuprdaal dh il et r2e9a ms (

The CWM adoutn diave chei ghest in native forest stre
then horti cwHitawh awe rsd rre@hes@a) 6 e hd/ivadd rmibfleeirmv e e n
the thuse PEBHbuUt s ddidmeantsi gnids cand fDabf)il aiteen C (
Tabl)e. 28

The CWM adafipd adme stei g h ehsotr tii msu Irtewarmesl, patst owed
strewmmsch were r alhat neeiny esd ireralensi2,p) ®ipd udriaedsy 6
nodti ffer betweene tiPwddbhutes thadlmmengni fi cant i nf
c ov arPx0aiOea h(l)e. 28
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FigaeBkoxpl ots of the changes in the Community Wedmkt emd mMean (
number of reprodéactrioss d¢yhcoclees dsef ¢wpeisvkeo€tal ebtandmadther dle, h
Awanui / Taur angas Bmrump djpcl wraisv n. a)

Tabl. AND¥A resul mopdfel smtmistedg changes in Community Weighted
t he dnarxaiimtum number of r epirmdtulcrideenad ecotapllpeess geraty evaer f orest , p as
the Te Awanui/ TauratgankHédobomed Basdieposiogidt fine sedi ment (DF:
covariate.

Response Predictor F-value df df.res P-value
semi Site type 4.11E+00 2 16.2 0.04
Sediment 3.03E01 1 19 0.59
univ Site type 1.09E+00 2 16.1 0.36
Sediment 5.90E+00 1 19.2 0.03
pluriv Site type 1.32E+00 2 15.6 0.30
Sediment 5.16E+00 1 19.9 0.03
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Regardi ngwuwimbher tofai tepr odiuncdii Withtwayho Ida $& pde B s
andpiwz2re analysedeaggpesanBdé&dpP&S (Figures

The CWM adwfcpgénvktclei ghest i n naahdertbaestvebyres
pastsarradaims |iohwoerstti cul t(uFia@ G)@e pdeidf@fbeerteve en t he t
| a-nde ((PyOpBAsi s Bdi ment i ncl udOedd alzl)do @dcatiest & n(
reveal ed that the odnlfyf erdesntchest weah | pasi gmafl i a
streRE@S 0( Appdadiye. 3.1

The CWM adoufo dé@wB chei ghest in horticultural stre:
then nativeFig2®bBapisdtd dambef bet weanethgpebhre
U=0 (PeG.70vi s Bdi ment i ncl uRFeldl aAsp paeThedt \§a.r2Bat e (

(a) (b)
3.0 0 1.25
1.00
2.7

L 0.754
= a
-9 B
O 2.4+ Q

0,504

[]
2.1+ 0.25
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FigaeBRoxpl ots of the changes in the Community Wethgrbdrefd Mean (
reproductive cycles perindivid@E c r oss t hree disef ¢gy@perbsveotalebandmadther dle, hor
Awanui / TaurangaCRarhpo 2r basin. a)

Tabl ANDVYA resul mpdfel esmtmistéedg changes in Community Weighted
t h e dvaximumtnumber of reproductive cycles pefividualsi n t hr eeud e ctaypdsandnati ve forest,
horticultural) in the Te AwransffdamednYPaddélpobioued bfaisne . s é&adiginé
model s as a covariate.
Response Predictor F-value df df.res P-value
cpil Site type 5.66E+00 2 17.3 0.01
Sediment 3.59E+00 1 16.1 0.08
cpi2 Site type 3.15E+00 2 171 0.07
Sediment 2.90E+00 1 16.7 0.11
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Regardindti fleedwur aitdtohheomé daldiutl 8 eésadd&d3|dé&dh d
d daw®re aagbiyssdel agpe amdfyThES modiddviarseg e x c |l udec
froaome abhatygwasbprtetsamy of rece.rdaxa

The CWM adouind@maresehi ghest in native forest str
and then cl osely whyi dh rwad s url efuia gl Ty aslt gdae2bdhmeirlea r
bet ween t hues et h{Py@pegOsli esredd i ment i ncl ukcezpTadl @ c o\
3BPoshtoc testingheesormayiesd itchadtl y wiagnibfet ovaen ma
foredhtordanmn culutsi@s0a 0 5Aapeénhakb Ije. 23 3

The CWM adouth d@wB chei ghest i n native forest stre.
streams and t hdn gRaedtlodbdld dntbf eervwms e {f t hues et hr e e
t y (R=B9 ywi sbdi ment incl uRk@ddTabl)a. 88variate (

The GWM ndcafi déavdrhe ghest i n pastoral streams, f
and then nati v2e7)dslit ddeiddindm 6(fFe rg ur etswees et g pebhr e
U=0 (Pe560vi s Rdi ment i ncl uRF@2dfTabl)a 8Bvariate (

The CWM abdnddsa@ns ehioghest in horticultural stre
and then nahiovle weéreamesFig2u7ydelb Jdisddmi 6 faerr bet we
the thuee P8I sbdi ment i ncl uRFE®GT abl)a BBvari e
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Tabl . ANBYA resul modfedi esmtristedg changes in Community
t h e dtife duratbonofadultsi n t hr eeudectaypdsandnati ve forest, pastoral,
Har bour btosamsfaomgped % deposited fine sedi ment (DFS) was
Response Predictor F-value df df.res P-value
lda2 Site type 4.62E+00 2 14.6 0.03
Sediment 1.36E+00 1 19.3 0.26
lda3 Site type 3.46E02 2 15.8 0.97
Sediment 6.83E03 1 19.7 0.94
lda4 Site type 3.47E+00 2 15.3 0.06
Sediment 1.32E+00 1 20 0.26
Ida5 Site type 2.81E+00 2 14.5 0.09
Sediment 3.52E01 1 19.1 0.56
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Regardi ndRephedurcai vét htek onbaliad u & sse smgh eef 6na d
d wwwere analysedeaggpesand@&@&D&ES (Figure

Th@WMabundcafisdedgd réei ghdotrtimul tural streams, fo
then nativeFifpx@&adsi 8dlfeétd@emswe(en t hue et PyOPHOsI and
wi sBdi ment incl urdC.addals|)do ghdowa rtieesvt @ giigead ga nal | y
statisti calilfyf deadgwoded n cmagt or al aPed IO@A ptpecrud it xu
2Tabl)e. 35

The CWM adbouthdidmaree ghest i n native forest stre
and then pawhbch|l wet eeamdBiagd 8)&®|lhe rdeiadihdn @tk e r
bet ween t hues et hiPy@edwli &ssedd i ment i ncl uB-eteTadl @ c o\
34

The CWM adoutihwaenrcee!| asi mbenween pastforrelstarmsd rrea
and |l owest in hirdd@eat wdd deddleertsw e era mts hues et htryepee sl .
(P<O 50Tabl)wi 34 di ment i ncl u@®d Taash | pPoBIo@ar i as i 1f ¢

reveal ed that the odnlfyf esrdesntchbest we a hll gratsii agunlatif u rc
str dR®sQ Appdmadi)ye. 35
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Awanui / Taur anga sHargbh®u madjosi n. a)

Tabl . ANDY¥A resul mopdfei esmtmistedg changes in Community Weighted

t h e dtepragictive techniquésn t hr eeudeoctafpdsan(dnati ve forest, pastoral, hor
Har bour basamsf aomed % deposited fine sedi ment (DFS) was i ncl
Response Predictor F-value df df.res P-value
single Site type 4.64E+00 2 17.5 0.02
Sediment 3.71E+00 1 154 0.07
herma Site type 3.81E01 2 17.1 0.69
Sediment 9.59E02 1 16.7 0.76
two Site type 4.66E+00 2 16.8 0.03
Sediment 1.76E+00 1 17.6 0.20
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Regardi ngd®vy ihgo stirfatistkowrotdal i t i @ & r & &dudbenddr ge d
d err@asn@d@gpdwdoe anal ysedeaggpesandaD&S (Figur

The CWM advoumuariwveee ghest in native forest stre
and themtpaeatwhriaclh wer e r el 20idvsed ryd agieniidltfaesr ( F
bet ween t e et {Ry@p&0bluan d endaidmeantsi gni ds$s candcovari a
(P<O 50rabl)e. 36

The CWM adoutmdla mewsgreéed gh @atstiom al streams, follo
strewamsch were r alnat itvhelny nait mivieg 21 s s bmet g € @ d
di fefdeert ween t hes e hifPe@e Slaabnldea nI@ di madt a signi fi
i nfl aenae c ®0a5Cli aabt1gePa(8h6oc t esting reveal ed that
signidfiifcfaamwaesn cheentanteievnea nfdor es tul t B+#0a50 Appenadix (2
Tabl)e. 37

The CWM advouthdan@wetrheiigpghest i n pastor al streams,
str enahmsc,h were rahdtitwehy nsit imhvilega2f9oer teesrtr desstdrreiaars
not dieft fweren t hes & httPe(eleBsviatsie di mect uded as a c
(P=08 7Ta b l)e. 36

The CWM adoutmg qaebwedrbei ghest i n pastoral streams,
streams having the samé t bifsiCbeaadydnagmdiacd@d ot
di ffer betweeset (PROROBabeldevilE@mdi ment 1 ncluded a
(P=09 4Tabl)e. 36
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Tabl . AN®OBY¥A resul mpdfei esmtmistedg changes in Community Weighted

t h e davipositionsiteé n t hreeudectaypdsan(dnati ve forest, pastoral, hortic
Har bour baosamsf aoméed % deposited fine sedi ment (DFS) was i ncl
Response Predictor F-value df df.res P-value
surface Sitetype 3.07E+00 2 14.7 0.08
Sediment 4,91E+00 1 19.6 0.04
submerged Site type 4.79E+00 2 15.3 0.02
Sediment 4.76E+00 1 20 0.04
terrestrial Site type 1.94E+00 2 15.2 0.18
Sediment 2.98E02 1 20 0.87
eggendo Site type 1.34E+00 2 16.4 0.29
Sediment 6.92E03 1 18.7 0.94
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The CWM advoumggiweatee ghestf omestatstveeams, foll ow
then horticwhtohaweséeredifraig@aleygsirmigldardied n
bet ween t hesea hawee si@3h.60wi tskedi ment included as
(P=0 .70rabl)e. 38

TheéWM abusdfegge edweerhet ghest i n pastoral streams
and then nat iFieg3foddh egg c esmme mtadnbcki(d bredtweesne t he
typR=@ 80 abl)wi B3I di ment icmoolavRE@d3leafl)a. 38

The CWM advaftedgagrpa edweerdei eggch e st i n horticultural
pastor al and t henFimgadatdieyeg d porr ckisé desetdvoe @ ms t he t
| aande (Pyp328i sbditimeal uded a0 80 abl)roBibtce t(est i ng
revealed no statisticall yuse ghnihG.s@Batth oduigfhf etrhe
contrasts between pastRRal06ananikdomtaitc wlet droales
streRxkras 09) wWAppendiabd2a, 39
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eggcemeEggprotected

Tabl . ANBDY¥A resul mpdfei esmtmistedg changes in Community Weighted

t he Gggleggmas8 n t hreeudectaypdsandnati ve forest, pastoral, horticu
basintrbhbogiformed % deposited fine sedi ment (DFS) was include
Response Predictor F-value df df.res P-value
eggfree Site type 3.41E+00 2 15.3 0.06
Sediment 3.70E+00 1 20 0.07
eggcement Site type 2.97E+00 2 15.3 0.08
Sediment 1.57E+00 1 20 0.23
eggprotected Site type 4.29E+00 2 17.4 0.03
Sediment 3.40E+00 1 15.6 0.08
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and hdretni culrtelarmesB 1) Baidguucdien ar di f f erence in the
bet ween t hues et hivgepee altansdt i ¢ a(P<D y;0rsxib ¢ yaw i fAeiGecdainme n t
inclasied c@Es0dnTakleePodhboc treesv e aslgeadt iast i cal ly s
di fference was between naiP<W¥.e0 FAoprpeedntdh bxe 24 o r t

The CWM adouth d aadwdagpsu phi ghest i n horticultural
and then native 3flpadlearnt arsdp dp@Edhedi(dbierganre euns et he t
t ypR=B4 7Tabl)wi ¥l di ment i ncl uRE®8ddTabl)a 40O0vari at e

126



(a) (b)

[ ]
[ ]
2.0 2.0
54 e
<13 < 1.5+
= -
V4 =1
< Qo
= 1.0+ 2 10
2 <
0.5
0.04
Native Pastoral Horticultural Native Pastoral Horticultural
(c)
2.54
2.0
-9
=3
-9
S 5
e [
-4
<«
A
1.0+
[ ]
0.54
Native Pastoral Horticultural
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Tabl ANODVYA resul mpdfel esmtmistxedg changes in Community Weighted

t he d@oquatcistaged n t hreeudectayypdsandnati ve forest, pastoral, hortict
basintrbogiformed % deposited fine sedi ment (DFS) was include
Response Predictor F-value df df.res P-value
aduandlar Site type 9.53 2 14.3 0.002
Sediment 1.38 1 18.7 0.26
aduorlar Site type 10.53 2 14.7 0.001
Sediment 0.14 1 194 0.71
larandpup Site type 0.79 2 15.0 0.47
Sediment 0.04 1 19.8 0.84
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The CWM adwfmd s ddeertei ghest in horticultural St
natdgtvreewahmsc h wer e rahdtihehy pabsmiodZpadissdiedawnd (
nodi ffer bet we euns et hi(Bg(QleBsvi @ she d iammedn t included as
(P=07 pTabl)e. 42

The CWM advwfdas méwireimghest in the native fore
pastotrradwmisch were redmdi vbeéy bomtiauvlBRur al S

0di ssnmkidd dinmidf er bet we-eset tPeOB @i rteheed il merrdt i ncl uc
a covB02 alitadb I e 42

Thé@éWMabundcafidcies dWwargeh ghest i n pastor al streams,
and then native I2obdbs$ db idglimfoibatrweing urheas é hr ee
t y p=81 Pwi tstedi ment i ncl uRF@dfTabl)a 4B3variate (
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Tabl. ANOYA resul mopdfedi esmtrmistedg changes in Community Weighted
t h e diissemiiation potential (alstages)i n t hr eeud e ctaypesandnati ve forest, pastoral
Awanui / Tauranga Harabnesurorhresdi 6 dleogpeisti ted fine sedi ment (DFS)
Response Predictor F-value df df.res P-value
disslow Site type 2.31E+00 2 16.4 0.13
Sediment 9.93E02 1 18.7 0. 76
dissmedium Site type 1.03E+00 2 16.2 0. 38
Sediment 1.19E+00 1 19 0.29
disshigh Site type 2.42E+00 2 15.6 0.12
Sediment 2.06E03 1 19.9 0.96

Regar di ngAttthaec htmreanitt t o substrate ofgtehtpoati ¢ s
modal& wi mime r agbar raamdart t dobed anal ysadeadaygiprest
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t hreasleandmpasgiventadtiiyst i c =0 yonvs)sdmi fmeoant ncl ud
covarPsOatbea l)ePodhBoc testing revealed that there
di ff eaterDc @bt hough the contrast between native
not(=0 .70 AppehahbIje. 244

The CWWMdadsocter adwaesr hi ghest in horticultural st
strevahmsch were r alnat itvhelny psismioB &b, cs aavedmdo( Fi
di fbfeetrwe en t hues et hilPyepee )l tssheddi ment 1 ncl uBe3ll as a
Tabl)e. 43

The CWM adbouthdanG@eehei ghest i n pastor al streams,
and then horticul3dabalk rdeinvdecmimse r( Fb gtuwessne t he |
typR=822Tabl)wi ¥1@di meaoktuded aR02afTabV)ar #8t e (

The CWM adouia td b deweardal ghest i n native forest str
and then hor twihdwlht uweale gterFanagmdé&d yt ascildnai dl ®@afre r
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Tabl. ANOYA resul mopdfei esmtmistedg changes in Community Weighted
t h e dttaclment to substrate of aquatic stages (excluding éiggs) t hr eeud e ctaypdsan(dnati ve forest,
horticultural) in the Te AwramnusffdamednPadeélpodbionued bfaisne . s é&adigimné
model s as a covariate.

Response Predictor F-value df df.res P-value
swimmer Site type 3.65E+00 2 14.9 0.05
Sediment 3.41E01 1 19.7 0.57
crawler Site type 2.90E01 2 145 0.75
Sediment 1.11E+00 1 19.2 0.31
burrower Site type 1.69E+00 2 17 0.22
Sediment 1.37E+00 1 171 0.26
attached Site type 1.72E+00 2 155 0.21
Sediment 6.38E03 1 20 0.94

Regardi nGreelde ngtr thaarbe tar e 6 Gnlod editslaeri gepse caad il te d
dil téepf eddndid ghawhp ch wer e anaugeedyapagail Natt i va
pastoral & horticult@84pl) and DFS/ SAM2 (Figur
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3Hd& he difference in the CWMuskRubhapeiseswbat wetkin
signi(P>C.aldib |)d ubtebc a me swlygen f s €edhinment was 1 ncl u
(P<0 50Tabl). 4Burt helroncorteestpiomg revealed that t
significabet awiekehamseydepred ( Nati ve forestseg)past
(P 0> ;05Ap penallje. 246

The Community Weighted Mean (&WMawaesh uhni dgahnecset
horticultural pasteamal dodl owedvhbgpthi wer eorest
sim(Fagdlehe di fference in the CWMuskRumnagsprse wb
not statistPze@l OTHDpHbEE pmtvfhimmamstedi ment was incl u
P>0.;08bl) #brthe+maor et,esgoxntg reveasedt itdtait c atl
significabet awiekehemeydépred ( Nati ve foresmtse)past
(P 0> 05Appenablye. 246

The Community Weighted Mean (& &MPwsasstb uhni dgahnecset
pastor al streams, followed by nat34aloivevesti a
thedml ity 6éddepositowaesdiren aCWMedlyusd dd dy@ar eacr
34dd he difference in the CWMuskRunhapeisesvbat wetin
si gni(P>0c.aDedtb 1)e bdusvh ewn sedi ment was RB>0c.;Dibdbe @ as
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The Community Weighted Mean (FCWM)Gevrafdeuemddgime £t o
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pastor al streams, followed by FKFogsf ploiweuvueal a
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FigddBhe difference in the CWM-uda ntdgagmaete wet
statisti cdR>0y.;Dsdibdg)ei Madchaemnt sedi ment was Pncl ude
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Tabl. ANOYA resul mopdfei esmtmistedg changes in Community Weighted

t h e deediagihabit n t hr eeudectaypdsandnati ve forest, pastoral, horticu
basintrbogifobrmed % deposited fine sedi ment (DFS) was include
Response Predictor F-value df df.res P-value
Shredder Site type 3.80E01 2 151 0.7
Sediment 4.73E+00 1 19.9 0.04
Scraper Site type 1.16E+00 2 16.8 0.3
Sediment 1.08E+00 1 17.6 0.3
Deposit Site type 3.41E01 2 17.4 0.7
Sediment 2.95E03 1 15.8 1.0
Filterfeed Site type 4.36E01 2 16.9 0.7
Sediment 6.85E01 1 174 0.4
Predator Site type 1.64E+00 2 16.2 0.2
Sediment 3.41E+00 1 19 0.1
Algalp Site type 1.93E01 2 15.7 0.8
Sediment 2.06E01 1 19.8 0.7

Regardi ngDitehteartyr gbrttehfeb rmooadcad & p € eds@b d st dared p e
@genedwelriestanal ysedeaggpestndBapPp&S (Figures

The CWM adouis d a oGweelhiesgthest i n pastor al streams,
and then nat jwha cfho weste gt egRirs)s® e Ipye cdiiiadhdi Ast frée r
bet ween t hue et KRy@gd&)blustedi me sti gmaidnifalaanstn aecovar i a
(P<01;,Dabl)e. 47

The CWM advaftimbadrcdawerhe ¢ hest in native forest
horticultural anki ¢ghRBR@mpdet ait @ddip@ieeteverasr ¢ he t
| amde (Py0dd,s bedi meadta signifacaov@BsOBli @abhee a:
4y .

The CWM adboufigdaproéwaalsi shti ghest in pastor al streal
horticultural streams Ringl8 ffeHe we waameg dvieanf oC WM t
abundafigeneweateelsa®i vely si ms Fang@Idrgesnsedeadli sitadr
not dbieft weren t hes & httPe(@Redsviatsie di me nt i ncluded as
(P=04 2Tabl)e. 47
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Tabl. ANOVA resul mopdfei esmtmistedg changes in Community Weighted

t h e dietag preference8 n t hreeudectaypdsandnati ve forest, pastoral, horti
Har bour btsamsf aomed % deposited fine sedi ment (DFS) was i ncl
Response Predictor F-value df df.res P-value
specialist Site type 6.23E01 2 15.4 0.55
Sediment 1.04E+01 1 20 0.004
moderatespe  Site type 2.54E+00 2 14.3 0.11
Sediment 8.91E+00 1 18.8 0.008
generalist Site type 1.34E+00 2 15.1 0.29
Sediment 6.80E01 1 19.9 0.42
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4. 1The relationship between macroinvertebrate

4. 1 OBvelrvi ew

Firstly, | ashuamnea rpyrk aowfi dtedoeutl rt asi tf omo téhireiear e s egr e
testing wast éeBntduatedmbdbdal i ties to analyze th
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recolbddkedss stathed datt aefwirse hese analyses wer e
Te Awanui / Tauranga Harbor catchment.
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(P<O. ;0Fi gude d@0®m.;0Fi guwadPR®8 0 Fi gu@ b Pt ®5; 0
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