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Executive summary

Greater Wellngton Regional Council (GWRC) has initiateerges oicommunity led collaborative
planning processsto address land and water management issues and to carry out its obligations
under the National Policy Statement for Freshwater Management (NP8)fist of these relates to
the Ruamahanga whaittighe catchment of the Ruamahanga River

The collaborative grouygalled the Ruamahanga Whaitua Committee (RVW@Qires tools to
supportdecision making in an environment with many diverse values and complex biophysical
processes. The Bayesian Network presented in this report is designed as a éagqigiort tool. It

shows the expected consequences of various possible management anddegaiisipns on values
related to large gravebed rivers. The values include ecological values (three species and one index
of native fish, periphyton (attached alga@hormidium(toxicalgag, macroinvertebrate community
index and river birds), recreatiahvalues (trout size/abundance) and natural character.

¢KAAd NBLRZNI RSAZONAROSE (KS adNHzOGdzZNBE 2F GKS .1 2Sa
and the predictive relationships between them, including comments oratfseimptionslimitations

and appropriate application of the network.references thesources of information used to derive

the networkto allow the assumptions to be teste@he report is intended as a companion to the

Bayesian network itself, which runs on Neticsoftware.A free evaluation version of Netizas

available fromwww.norsys.com

The Bayesian network was designed to be used in association with other models that predict water
quality and quantityesulting frompolicy/managenent decisions. This network uses results of those
models as input and predicts their consequences for the suite of ecological, recreational and
aesthetic values listed above

The RWC has outlined three possible future scenanide tested with the variosi models that

support their decisiormaking. The first, Business as Usual (BAU), extends existing policy, practice
and investment into the future. The second, Silver, corresponds to a moderate effort for making
water quality improvements across the whaitughe third, Gold, represents the highest and most
aspirational effort for making water quality improvements across a broad range of activities and
issues in the whaitua. THgayesian networbutputsfor each of these scenarios will be used by the
RWGCo inform their ongoing discussions and ultimately to develop recommendations for managing
land in water for their Whaitua Implementation Programme.

Outputsare presentecherefor 10 reporting reaches, each®km long: two on the Ruamahanga

River and eightm major(fourth-order or larger)}ributaries. According to the Bayesian network, by

2080, periphyton growth decreases by-80% in Silver and Gold relative to baseline and BAU at

three sites; MCI score improves by-4®oints in Silver and Gold relative to baseline at two sites and
relative to BAU at four sites; probability oPdormidiumbloom decreases in Silver and Gold relative

to BAU at one site, but increases significantly relative to baseline at two sites and it increases
significantly in BAU, Silver and Gold relative to baselimma site; trout size and abundance does

not change in any scenario relative to baseline; Fish IBI score increases in Silver and Gold relative to
BAU and baseline at one site; the probability of presence for eels, redfin bullies and inanga shows the
samepatterns as Fish IBI; the probability of wading bird abundance being OK increases in Silver and

1 The Maori word whaitua means a designatgzhce or catchmenGreater Wellington Regional Council has divided the Greater
Wellington region into five whaituavith a committee in each making decisions on the future of land and water management in that
whaitua
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Gold relative to BAU and baseline at one site, but decreases in BAU, Silver and Gold relative to
baseline at one site; natural character shawdy a small inoeaseat each sitainder Silver and Gold
relative to BAU

The main drivers of change in these attributes are reduced concentrations of dissolved nugiehts,
suspended solids, increased riparian tree cover and a shift from river discharge toelsed

dispersal of sewage treatment plant effluent. However, some of the changes in drivers are minor,
and some other important drivers of ecological outcomes, such as flow regime, change very little or
not at all among the scenarios. In addition, the reportingatees are all on moderately large rivers
(mostly fourthorder or larger), which are relatively insensitive to changes in factors such as riparian
vegetation. For these reasons, overall only a few attributes showed more than minor changes in any
of the three scenarios compared to baseline. Silver and Gold scenarios showed some differences in
outcomes compared to BAU, but there were no differences between Silver and Gold by 2080; the
only differences between these two scenarios were that some attributes @uhadittle earlier in

Gold than in Silver
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1.1 The Ruamahanga Whaitua process

Greater Wellington Regional Council (GWRC) has initiasedes ofcommunity led collaborative
planning processsto address land and water management issues and to carry out its obligations
under the National Policy Statement for Freshwater Management (NP8)first of these relates to
the catchment of the Ruamahanga RivEnis catchment, known as the RuamahaMdgfaaitua, is the
first of five whaitua comprising the Greater Wellington region, to undergo this procassim of

the planning process tosetting policies on water quality and quantity in rivers, streams, wetlands
lakesand groundwatein an area 08300 km?. Recommendations on these policies are made by
collaborativegroupcalled the Ruamahanga Whaitua Commit{8&/ g comprisedof about 14
members of the communitgs well agepresentatives of iwi and territorial authorities

Theplanning process conducted within théegal framework of New Zealand resource management

law. In particular, it must give effect the Resource Management Act atig: National Policy

Statement on Freshwater ManagemeNRSFM2017). TheNPSFM specifies that regionabuncils

Ydzad aYIF 1S 2N OKIy3IS NBIAZzylLf LXlya (42 G4KS SEGSY

a) establish freshwater objectives in accordance with Policies@Land set freshwater
jdzl f Al fAYAGA F2NI Lt FNBaKglraGSNI YIFylF3ISyYSyi

b) establsh methods (including rules) to avoid odeff £ 2 OF G A 2y dé

With respect to water quantity, the NFSa & LISOAFASa | &aAYAf Il NI NBIjdzA NBY
SYGANRYYSY(lf Ft264a | yRKk2NI fS08ta F2NIJFff FTNBAKS

Through the National Obj¢ives Framework (NOF), the NP identifies ecosystem health and

KdzYly KSIFfGK F2NJ NSBONBIFGA2Y a4 aO02YLlz a2NE y I (A2
plans. Within these two values it specifies condition bands for several attributes witbviest

0FyYR NBLINBaSydAy3a | ylraAazylf ao2Gd0G2Y tAyS¢ GKI G

To deliver appropriate recommendatiorthe RWQOmust base their decisions gobust information
including scientific informatiorHoweverthe science for such a lge area with diverse values is

highly complexDifferent components of a river system interact in complex ways such that a single
decision has effects on multiple valuB8NGOmembers need decisiesupport tools that enable them

to determine and compare the effects of different management or policy options on a wide range of
values.They arealsorequired to provide transparenaggarding their decisiomaking process

1.2 Bayesiametworks

Bayesian networks (BNs) are a tool particularlyseilled for supporting decisions on environmental
resource management. Their strength in helping to resolve complex environmental problems lies in
their ability to incorporate the effects of ntiple influences on a wide range of values (economic,
social, cultural and ecological) and to include information from a variety of sources, including
empirical data, scientific theory, various types of models and expert opinion (Quinn et al. 2013).

BNsELINB&ASYy Ul GKS O2YLRyYySydGa 2F || NAGSNI agadsSy Ay (
with the causeeffect relationships (linkages) between them shown by arrows. Each node in a BN has
two or more possible states, and the BN represents outcomespaebability distribution between
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the possible states. The effect of the causative (parent) nodes on another (child) node is quantified in

I aO02yRAGAZ2YIf LINRPoloAfAGE GFrofSéeé o0/tc¢vd ¢KS /t¢
given each @mbination of states in the parent nodes. In a causative chain with multiple linkages, a
OKIy3aS Ay (GKS adlrasS 2F GKS G2L) y2RS LINBLI 3+ GSa
nodes. In the context of resource management, the top nodes typicgesent either

management decisionar variables that are specified by either monitoring data or outputs of

external models. fie final descendant nodes represent components of the system, such as species,

aspects of the environment, economic indicatass., that are valued by the community. In this way,

BNs condense complex scientific information into an intuitive form that is appropriate for guiding
stakeholder deliberations and supporting decisioaking.

BNs allow users to visualise the interacth@ YLI2 y Sy G & 2F | NX ASNI 28083 WAI2
with different management options. Thuthey are useful in group situations where a shared

understanding of the system is important, and where all members need to see the effects of

different managenent options. BNs provide transparency to decisimoaking, whether those

decisions are made by councils or stakeholder groups.

BNs are not intended to replace mechanistic models. Rather, they summarise the key outputs of
mechanistic models and integratedaim with other sources of information. Because they describe
outputs in terms of probabilities, BNs can incorporate highly precise forms of knowledge with other
forms that are inherently less precise or subject to a range of influences outside the BN.

Bayesan networks are intended to reflect our best estimate regarding the state of different
components in a system, based on what we know of the factors affecting them. They are intended to
be updated with more precise kmgedge as it becomes available, ortte amendedo reflect
locationswhere ecological relationships differ from the general pattern

1.3 Scope of this report

1.3.1 Description of the Bayesian network

This report outlines a Bayesian network (BN) that was developed to support detialing by the

RWOCIt does this by showing the consequences of different posgibliey optionsfor key ecological
attributes. This BN was developed from a generic BN applicable to large-bgeavislew Zealand

rivers (Storey 2015). In the Ruamahanga River catchment pplgable to the Ruamahanga River

itself and the lower reaches of its majwibutaries. This report first describes the rationale, methods
and assumptions underlying the BN so that it can be applied appropriately for degiaking in the

rivers of the Ramahanga catchment. To avoid unnecessary repetition, readers are referred to Storey
(2015) for some details of the methods and assumptions.

TheBayesian Btworkis capable of predicting responses to land use changes (particularly with
regard to agriculttal intensification) and increasés water abstractiorthat result in a significant
decreaseh y (1 KS NAGPSNDa Ff260

The focus of this BN is on ecological values (invertebrates, periptBtanmidium native fishand

river birds), recreational values (trbfishing) and aesthetic valuesatural character. We

acknowledge the importance of other values, such as Maori cultural values (including mahinga kai,
taonga species and the mauri of the river), uses such as drinking water and industrial processing,
specific recreational values, such as whitewater kayaking or rafting,eoanand tourism values. All
thesevaluesare important, and could be incorporated into future extensions of the BN.
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In some parts of the BN (e.g., effeon trout size and abundancejany quantitative sidies and
models are availabland outcomes can be determined relatively precisely. In other parts (e.g.,
effects on river birds), the effects of influential factors are known only in general terms and
outcomes can only be known in gaal terms.In some areas the science is developing rapidly. This
BN incorporates the most recent thinking in most areas, but in a few (e.g., trout), very recent
developments may not be captured.

1.3.2 Outputs of the Bayesian network

The report outlines the BIXesults for the current state (called Baseline) and three scenarios that the
RWC is considering. These three scenarios are referred to as Business as Usual (BAU), Silver and Gold.

The BAU scenario extends existing policy, practice and investment intottine. Key changes in
resource management under this scenario include wastewater treatment plants progressively
discharging to land and stock exclusion from water bodies in accordance with the Proposed Natural
Resources Plan rule. This scenario is draam €xisting information and is not designed by the

RWC.

The management options in the Silver scenario correspond to a moderate effort for making water
quality improvements across the whaitua. In general, management actions occur in longer
timeframes tharthe Gold Scenario. For example, space planting on steep slopes is completed by
2040.

The Gold scenario represents the highest and most aspirational effort for making water quality
improvements across a broad range of activities and issues in the whaitividages actions to
manage sediment, wastewater, water allocation, wetlands andaom practices. Management
options happen in the shortest timeframes of the three integrated scena&rfos example, all
wastewater treatment plants discharge only tanthby 2025.

For each scenario, results have been generated at three time steps (2025, 2040 and 2080) that
represent progressive implementation of the three scenarios as well as gradual response of the
environment to scenario implementation. Results apedfied for 10 reaches (eackh¥km long),

two located on the Ruamahanga River mainstem and the other eight on its major tributaries, (from
north to south): Kopuaranga, Waipoua, Waingawa, Waiohine, Taueru, Mangatarere, Huangarua and
TauherenikauFigurel).

To applythe BNtd KS & NB LI2 NieduiyedidetddBininglecstiarespecificvalues for many of
the nodesFor current state, mangf these valuesvere derival from State of Environment
monitoring dataprovidedby Greater WellingtorRegionalCouncil. Nodeshat required this user
input values are shown in light blu€or future states undethe threescenarios, values faeveral of
these nodegvere generated ly external modelsNodesspecified by modelled datare shown in
green.
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The Bayesian network was developed ushegsoftware package Netica24(Norsys, 206). The
structure, node definitions, states and causiect relationships of the BN were developed by

drawing on a variety of information sources. The specific sources are cited in the relevant
subsections of the Results section. Gengrdhey included published papers, reports, expert
evidence related to recent Environment Court cases, large datasets from regional council State of
Environment and NIWA National Rivers Water Quality Network monitoring, and expert opinion from
scientistsat NIWA, Cawthron Institute, universities a@deater Wellington Regionab@ncil.

The method for developing each node and its probabilistic relationships with adjacent nodes is
described in the Results section, but some general procedures are descrifged he

To make this BN as relevant as possible to planning under thé&MP&ariables specified in the
National Objectives Framework were assigned states that correspond to the condition bands in the
NOF.

Parent nodes include only the most influential @ris, those that are likely to change under the
scenarios being considerdy the RWCand those whose relationship with the child node are known
with at least some degree of precision. Therefdhés Bayesian network does not represent all the
ecological elationships that influence a particular variable or organism, and it may or may not
include the same set of factors that have been shown to influence that variable in another situation
or at another scaleThis is because the BNs are designed to be decisipport tools, showing
expected outcomes from certain management decisjoather than detailed ecosystem models
general, factors arexcluded if they are not expected thange under different scenarios. However,

in some cases, nevarying factordave been retained so that the BNs can be used in future with
different scenarios or in other planning procesgeg.,other whaitua in the Wellington region)

Nodes are coloucoded to aid usability and interpretation. Yellow nodes are those reprasghiy
values. These include periphyton (attached algae), Macroinvertebrate Community Index (a measure
of stream ecological health based on the invertebrate assemblage inhabiting the river bed
Boothroyd and Stark 200@Phormidium(attached cyanobacteriajrout biomass (a combination of

fish abundance and size), abundance of river birds, natural charéisteindex of Biotic Integrity

(IBI), individual species of native fish (longfin and shor#is,énanga and redfin bulliespreen

nodes are valuethat can only be calculated with the use of other models, such as RHYHABSIM
(Jowett 1989¥or % protection of trout habitat, 0BOURCe-water) for increases in nutrient input

with change in land usé.ight blue nodes are variables requiring the user to set values or states.
Generallythey are characteristics of the river or its catchment that are unlikely to change under
different planning scenarios. Dark blue nodes are nodes where values can Heeddgcihe user if

data are available, otherwise they will be calculated by the Bayesian network. Pink nodes represent
management decisions that are made by the user. Purple nodes are those calculated by other parts
of the Bayesian network. Pale nodes yafious shades) are intermediate nodes that are calculated

by the Bayesian networkiNote, however, that a user may set the value of any node if it is known.
The relationships between nodes are such that setting the state of a child node affects thefsiate
parent node as well as the reverse (for this reason, the state of a parent and child node cannot both
be set to values that are incompatible with each other given the relationship defined between them).

In the figures showing the Bayesian networle tfifferent possible states of each node are listed
vertically down the left hand side of the node box. The number to the right of each state is the

Effects of land and ater management on ecological aspects of major rivers 13



percent probability of being in that state, and the black bar shows the probability graphically. A bar
with a black line on either side has been specified by the user, whereas a bar without thesméines
been calculated by the network. The number at the bottom of the node box is a numerical value
calculated by the average of the different states, weightedhayr probabilities.
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3.1 Periphyton biomass

3.1.1 Node description and states
Node namePeriphyton.Units:mg Chlorophyla /m?

Periphyton biomass is one of the nodes in this Bayesian Network that is an attribute of Ecosystem
Health in the National Objectives Framework. NOF condition bands for periphyton biomass as mg of
chlorophylla per n? (Chl a) were used to define the statdsr the periphyton node. Periphyton is
classified in a particular state provided that its biomass does not exceed the upper bound for that
state in more than 8% of monthly samples.

3.1.2 Node parents

Periphyton biomass results from a balance between its ragr@ivth and the frequency of biomass
loss events (Snelder et al. 2014; Matheson et al. 26ibtlyle et al2017). Rate of growth is controlled
primarily by nutrient supply, lighgndtemperature, whereas biomass loss is primarily dugrtazing
by macroinwertebratesandhigh flow events that scour periphyton from the substrate.

The drivers of periphyton biomass are showi\ppendix A Figure Relationships between
periphyton and its drivers (in particular, the values of the drivers that result in a change of state in
periphyton) were determinedor a New Zealandvide dataset(Matheson et al2012,2015) A New
Zealandwide dataset was expectdd yield more robust relationships than a smaller local dataset,
and there were no obvious reasons why periphytothian Ruamahanggvers should have different
relationships tlan in other New Zealand rivers.

The conditional probability table for periphytds quite long432rows) because each of thie
parent states has between 2 and 4 states. Therefior#his section wealescribe the relationship
between each parent and periphyton, and the method for combining these relationshipsentire
table isin Appendix8.

Light
Node nameLight at river bedUnits:nmol PARmM?/s.

Like all plants, periphyton requires light for photosyntheaisd hence growth_ight at the riverbed
is determined by shading of the water surface (by topographic features aadarpvegetation), and
by the visuatlarity, coloured dissolved organic matter (CDCIY depthof the water(which
together control how much of the light at the water surface reaches the river Mgd)used summer
(DeeMarch) values of clarity, depth arsthading as this is the period when excessive periphyton
growths may occufThe factors that may change undeture developmentscenarios include water
clarity (due to changes in fine sediment runoff from lapdater depth(due to changes in water
abstractionsiand shadingdue to changes in riparian vegetation)

The tinction linking lightat the bedwith daily solar radiationclarity, CDOMshadeand depthwas
taken from Davie£olleyand Nagels (2008)
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Matheson et al(2012) found that among 65 sites in the National River Water Quality Network, those
with >300mmol m2s? at the bedshowed no indication of light limitation, whereas below this
threshold, periphyton growth appeared to be increasingly limited by lige.relationshipthey
proposedbetween light at the river bed and the probability of nuisance periphyton grasvinown

in Tablel.

Tablel: Relationship between light at the river bed and probability of nuisance periphyton growths.
Light at bed (umol PAR #hs?) 2 Probability of nuisance periphyton
>300 0.95
50-300 0.65
<50 0.10

aaverage daily radiation.

Nuisance periphyton growth was definbgt Matheson et al. (2012)s 30% cover by filamentous
periphyton, which roughly corresponds to 120 mg/periphyton biomasgi.e., the threshold

between lands B and Gn the current periphyton nodeThereforejn the current BBNhe
probabilitiesof periphytonbiomass>120 mg/n% (bands C and Rre reduced at the lower light levels
by multiplying by the factors ifiablel. The redetion in band D (>200 mg/his twice as great as
that in band C (12@00 mg/n¥). Probabilities of periphyton biomass in bands A and-8(thg/n?

and 50120 mg/n¥) are increased by the same amounts as the reductions in bands C and D.

Summer watetemperature
Node nameMean summer water tempJnits:°C.

Definition:average water temperature during m&lmmer months Januaifyebruary

Many metabolic activities in living organisms proceed more rapidly with increasing temperature, thus
periphytongrowk NJ 0S& AYONBI &S 6AGK g1 0§SNI 0SYLISNI (dzNB ¢
(2015) dataset includes several measures of water temperature, at different numbers of months

prior to the date of periphyton sampling, as well as temperatures averaged bgse time periods.

Matheson et al. (2015) found that the strongest correlation between periphyton biomass and water
temperaturewasfor water temperatures averaged over 12 months prior to sampling. Logically,

however, water temperatures closer to the tinoé sampling should have a stronger influence on

LISNA LK@ (G2Y 0A2YI &ASI@aAYyOBSNIAR Yk RRMS & aLJsNISe S| NJ 0@
nuisance periphyton bloontgpicallydevelopin late summerwater temperature averaged over the

two months priorto samplingwas usedis an estimate of summer water temperature. This also

made the water temperature node for periphyton consistent with that for macroinvertebrates and
(NRdzi® Ly al (1KS8a2y 8G | f ®Q& o6unmpl iRthehighes iz G KS
biomass categories increased with increasing summer water temperafatdg?).
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Table2: Frequency of periphyton biomass in@QF categories with different summer water temperatures
Ay aliKSaz2y SG Itft®d®Qa 6Hnmp0O RFEGFASGD

Chl a Chl a Chl a Chl a
<50 mg/n? 50-120 mg/n? 120-200 mg/n? >200 mg/n?
Temp <11 °C 89% 3% 1% 7%
<11-16.4 °C 83% 5% 4% %
16.421 °C 79% 8% 5% 9%
>21°C 62% 14% 7% 17%

Water temperature depends on a number of factors including air temperature, shading (by
topographic features and riparian vegetation) and contribution of groundwater. The amount by
which water temperature changes dependsamount by which riparian shading changése river
length over whiclshadingchanges occur, and the proportion of flow that is contributed by
groundwater.Therefore, @termining changes in water temperature under different future scenarios
is complexWe dervved a simple relationship between change in riparian shading and change in
mean summer water temperaturd &ble2) by comparingequilibrium temperaturedor different

levels of riparian shading in Fig. dflRutherford et al. (1999 ssuming

1. Al reaches ardar enough from areas with different riparian managem#rdt water
temperatures will reach equilibrium.

2. Within the range of river sizes beingnsidered here, river sizanakes little difference
to the amount of temperature changén Fig. 41,ite temperature difference between
the three levels of shadinig about 4°Cfor both third and fifth order streams

3. (hanges in rman daily temprature are about halfas great aghanges irmaximum
daily temperature (based on companmgthese two statistics in monitoring data among
sites)

Only two sites showed a change in mean summer water temperature of more than 0.5 °C under any
scenario (Taueru, 3.2 °C akdpuaranga 1.0 °C).

Table3: Change in mean summer water temperature with change in % riparian shade.
Change in riparian Change in mean
shade (%) summer water

temperature (°C)

125 1
25 2
37.5 3
50 4
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Dissolved nutrients
Node namesDIN conc, DRP cordnits:mg/m*

Periphyton requires dissolved nutrients from the surrounding water, in particular dissolved inorganic
nitrogen (DIN; consisting of ammonia, nitrate and nitrite) and dissolved reactive phosphorus (DRP), in
orderto grow(Biggs 2008). Therefore, providedight isnot limiting,and growth is not impeded by
frequent floods periphyton biomass is strongly correlated with the concentration of dissolved

nutrients in river water (Snelder et al. 2014). Periphyton tylpya@quires DIN and DRP in a
concentration ratio of 15:1, therefore where the ratio is higher than this, growth is limited by
availability of DRP and when lower than this it is limited by availability ofibitefore DRP and

DIN were combined into ayit SNY SRAI S y2RS OFff SR aydziNASYy
nutrient that is in least supply will limgteriphyton growth. Nitrient sufficiency takes on the state

that is the lower of DIN and DRP.

Values of DIN and DRP concentration that tasuperiphyton biomass in each of the four NOF
condition bands were determined froiMatheson et al(2015) Inthis summerfocuseddataset, 85%

of samples had periphyton biomass equalling the boundaries between NOF condition bBn&<CA

and GD atannual mean DIN concentrations of 98, 631 and 1122 rgfespectively. The 85%iles of
the Matheson et al. (2015) sumnyscused data were assumed to correspond approximately to the
permissible 8% exceedance level for the NOF bands, because includingdatatenvhen periphyton
cover is typically low, would likely increase the 85%ile to close to 92%. In addition, 85% of samples
had periphyton biomass corresponding teCBand €D boundaries at annual mean DRP
concentrations of 10.3 and 18 mgnrespective}. An additional DRP concentration of 5 mg/mas
added(i 2 | LILINPEAYIFGS | tA1Ste o02dzy RI NB 6SGsSSy |
the proportion of samples with periphyton in the higher biomass categories increased with
increasing conceration of DIN and DRH éble4 and Tableb).

Table4: Frequency of periphyton biomass in NOF categories with different concentrations of annual
mean dissolved inorganic nitrogen (DIN) in summefocused dataset of Matheson et al. (2015).

Chl a Chl a Chl a Chl a
<50 mg/n? 50-120 mg/n? 120-200mg/m?2 >200 mg/n?
DIN low (<98 mg/d) 90% 7% 2% 1%
Lowmed (98631 mg/n?) 65% 23% 6% 6%
Med-high (6311122 mg/n¥) 53% 22% 10% 14%
High (>1122 mg/®) 61% 21% 7% 12%
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Table5: Frequency of periphyton biomass in N@Btegories with different concentrations of annual
mean dissolved reactive phosphorus (DRP) in summefocused dataset of Matheson et al. (2015).

Chl a Chl a Chl a Chl a
<50 mg/n? 50-120 mg/n? 120-200 mg/n? >200 mg/n?
DRP low (<Bhg/m3) 76% 16% 4% 5%
Lowmed (510.8 mg/n¥) 73% 16% 6% 5%
Med-high (10.818 mg/n¥®) 53% 24% 12% 11%
High (>18 mg/r¥) 57% 22% 11% 11%

Density of macroinvertebrate grazers
Node nameGrazer densityUnits:per nt

A number of aquatic macroinvertebragpeciegraze on periphyton and previous studies (Jacoby
1985, Welch et al. 1992, 2000, Holomuzki et al. 2006) have shown that high densities of
macroinvertebrate grazers are capable of reducing the accrual rate of periphyton biomass. In the
dataset of Maheson et al. (2015), 85% of samples had periphyton biomass equalling the boundaries
between NOF condition bandsD and B-Cwhen the densities of selected macroinvertebrate grazers
were 100 and 708 individuals permespectively. The proportion of sahep with periphyton in the
higher biomass categories decreased with increasing densities of macroinvertebrate grabdes (

6).

Table®6: Freaquency of periphyton biomass in NOF categories with different densities of selected
YI ONPAYDBSNISONIGS INITSNBR alikSazy Sid FfdQa owHnmpO RI

Chl a Chl a Chl a Chl a
<50 mg/n? 50-120 mg/n? 120-200 mg/n? >200 mg/n?
Grazers <100 rh 39% 33% 10% 18%
100¢ 708 n? 59% 19% 14% 9%
>708 m? 66% 21% 8% 4%

Although the density of macroinvertebrate grazers is clearly linked to other macroinvertebrate nodes
(Macroinvertebrate Community Index and Trout Prey Index, which is a meafsure

macroinvertebrate density),rgzer densitywas leftas a separate node to be entered by the user. The
reasons are that a) this is an absolute measure (number ggwhereas Trout Prey Index is relative

to reference, b) MCI and Trout Prey Index are infesl by periphyton, so linking these wighazer
density would create a circularity which is prohiliten Bayesian networks; and ¢pger density

includes only a subset of macroinvertebrate taxa that are known to graze on periphyton. The criteria
for sekcting which taxa to include in calculations of Grazer density are described in Matheson et al.
(2015).
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Days of accrual
Node nameDays of accrualnits:days

High flow events reduce periphyton biomass to very low levels, from wheperiphytonregrows

over time.Hoyle et al. (2017) showed thtite probability of a site experiencing recurrent nuisance
periphytongrowths is related tahe frequency of flows that mobilise sand on the river bed. The size
of this flow (Qy, the discharge that removes pphyton) differsamong riverandamongsites within
riversdue to differences in slope and riverbed materiélsyle et al. (2017) provide a method for
calculatingQyr for an individual site by plotting periphyton biomasgainst the size of the maximum
flow in the last 7 day$Once @ is known, the frequency of £events (the percentage of days with
flushing flows) for the site can be calculated from the site flow record. Since high flow events are less
frequent during summer (the period when nuisamriphyton growths are more likely), the
percentage of days with flushing flovgscalculated from only the summer months of the flow

record.

If data for calculating Rare not available, ggcan be approximatedsaflowthree times the median.
Clausen ad Biggs (1997) and Matheson et al. (20di)wed thatFRE3, the number times per year
that river flow equals or exceedblree times the median flow, is the best general (reite specific)
hydrological metric for predicting the probability of nuisance pkyiton. As for @, the percent of
days with flows three times the median needs seasonal adjustment to relate to the peak summer
growth period.

Days of accrual (the number of days since a flushing event) is the inverse of the frequency of flushing
flow events.Using a dataset consisting of State of Environment monitoring from several regional
councils and National River Water Quality Network monitoring by NIWA, Matheson et al. (2015)
described a quantile regression relationship between periphyton covedags of accrugDA).The

vaue of DAthat most clearly separated low from high periphyton biomass was about 14 days. The
frequencies of periphyton biomass in the four NOF étoid bands above and below BA4 were
RSGOSNX¥AYSR dzaAy3d e(Tabk7sazy Sa |t d®Qa RIEGIl &

Table7: Frequency of periphyton biomass in NOF categories with greater or less than 14 days since a
flood 3x median flow. Numbers in parentheses represent change relative to DA_3 <14.

Chl a Chl a Chla Chla
<50 mg/n? 50-120mg/m? 120-200 mg/n? >200 mg/n?
DA 3<14 85% 7% 3% 4%
DA 3>14 70% €15%) 15% (+8%) 5% (+2%) 7% (+3%)

3.1.3 Combining parents geriphyton biomass
Netica is able to learn predictive cauSeF F SOG NBf I GA2yaKALA 0SGsSSy y2R

AYFSNBYyOSé G2 | RFEGEF&aSG GKF G Ay OfodeRiSsieticakes8 OKA f R
presentedwith a dataset from Mathesoat al. (2015) that included periphyton biomass, summer

water temperature, nutrient sufficiency and macroinvertebrate grazer densities. For the learning

process causeffect arrows from periphytonvere directedto the causative variables to prevent

Neticafrom inferring interactions between the causative variables. Such interactions complicate the

Bayesian inference process and were leading to nonsensical results in preliminarjntesdstions
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among the causative variables waeagsumed to beninor compred to the main effect of each

variable on periphyton. After the initial learning process the caeféect arrowswerereversedone

by one, deleting any crosmks among causative variables formed during the reversal process, so
that all arrows were direted from the causative variables to the periphyton node. The probabilistic
relationships described by the arrows are symmetrical, therefore reversing them should not alter the
effect of each variable on the other (Netica v 4.16 help file).

The dataset tiking days of accrual with periphyton biomass was separate to that for the other
variables. Therefore, the effect of days of accrual was incorporated by calculating the change in
probability of periphyton being in each biomass category with a change safaccrual from <14
to >14. These changes in probabilitable7 values in parentheses) were applied to the conditional
probability table for periphyton biomass for days of accrual >14.

3.1.4 Periphyton biomasat baseline
Bayesian networks produce results gsrabability distribution across all states defined for a node.

¢KS NB&adzZ 6a NBLRNISR KSNB I NB GaSELISOGSR gt dSaés
bands) in the periphyton biomass node, weighted by their probabililiés.important to remembr
that behind each expected value is a probability distribution, and that states other than the one

represented by the expected value are possible.

At baseline, the Bayesian Network predicts that éxpectedvalue of periphyton biomass is in band
Bfor most siteg50-120 mg/n¥), with two sites (Huangarua and Kopuaranga) in band C and one site
(Mangatarere) in nd D(Figure2, Table8, Figure3). Kopuaranga and Mangatarere haved-high
concertrations of DRP and/or DIN, while Huangahasmed-low concentrations of nutrients but

warm water temperatures and a low density of grazéthough the Bayesian network was not
calibrated to the Ruamahanga rivers, there is a reasonably good corre(Reéanson r=0.71)

between BN predictions and actual values from RSOE monitamiogg the 10 reporting sites
(monthly visual % cover estimates from 20416, converted to biomass using the equation in
Matheson et al. (2015) Appendix The Bayesianetwork tendsto overestimate low values and
underestimate high values of periphyton biomass among these ites likely reason for the
underestimation of high values is that the Bayesian Network may underestimate the contribution of
Phormidiumto periphyton biomass because it is based on a national dataset. Rivers in the
Ruamahanga catchment appear to be more vulnerable than the national aver&jmitmidium

blooms ThePhormidiumpredictions cannot simply be added to periphyton results as they are
expressed in different terms (probabilities rather than biomassjtead users are advised to give
greater attention to the relative valuesf periphyton biomasamong sites and among scenarios
rather than to the absolute value of any particular sitescerario. The relative values among sites
agree well between the Bayesian network and RSOE data (which inBlbdesaidiumbiomass), with

the exception of Mangatarere for which the BN overestimates periphyton biomass.

3.1.5 Effects ofthree development scenarios goeriphyton biomass

Expected values of periphyton biomass under the three scenarios are shdwble8 and Figure3.
In Gold and Silver 2080, periphyton biomass is predicted to be in the Bfidyazitiexcept two sites
(Kopuaranga and Mangatarere) which were in C and D bands respeclivelgreatest changes
relative to baseline ccur in
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a. Huangarua: decreases of about 30% (from 170 mgénil4 mg/nfaverage during
the summer period December to March) in Silver (by 2080) and in Gold (by. 2040)
This is the only site to show a change in NOF band (from C to B).

b. Taueru decreases about 40%from 92 mg/ntto 57 mg/n¥) in Silver and Gold
(each by 2040)

c. Waingawa: decreases of about 35% (from 81 nigtnb3 mg/n?) in Silver and Gold
(each by 2040).

¢KS YIAYy OFdzaS 2F (KS RSONBlIaSa Ay ALSWDEKEIBKAOK
represents the most limiting of dissolved inorganic nitrogen (DIN) and dissolved reactive phosphate

(DRP). Although DIN and DRP concentrations decrease at all sites in Gold and Silver scenarios,

changes in nutrient sufficiency occur only lirese three rivers at the timestep described.

Sensitivity analysis shows that periphyton biomass is also sensitive to water temperature and light at
river bed. In the Taueru river, declines in water temperature in Silver and Gold scenarios may
contribute to decreases in periphyton biomass. However, the Huangarua and Waingawa rivers show
only very small dcreases in water temperature.

Light at the riverbed increases over time at these three sites and most other sites in Silver and Gold
scenarios, due to imeasing water clarity (and despite increasing shade). Increases in light could
promote greater periphyton growth, but this effect is evidently outweighed by the decrease in
dissolved nutrient concentrations.

3.1.6 Possibldurther decreases in periphyton biomass

Most of the drivers of periphyton biomass in this BN would be difficult to improve further than
predicted under the Silver and Gold scenarios. Light at the bed and water temperature depend on
riparian shading, which is already at a maximum under therSilve Gold scenarioReducing days

of accrual would require increasing the frequency of high flows beyond the natural regime.
Increasing the density of invertebrate grazers may be possible by improving general stream health,
but it is difficult to predicwhat improvements would be requirednd how much grazer densities

may increase. Therefore, the only means for further reducing periphyton biomass discussésl here
reductions in dissolved nutrient$able9 shows the concentrations of DRP and DIN in Silver and Gold
2080, and the periphyton biomass predicted if one or both nutrients were reduced to the Low
category (<5 ppb DRP or <98 ppb DINJissoled nutrient concentrations could be reduced to this
low level, periphyton biomass could be reduced by >50% in Kopuaranga and Mangatarere, and
smaller reductions could occur in Ruamahanga, Waiohine and Taueru.
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Figure2: Expectedvalues of periphyton biomass (mg/m) predicted by BNat baselinecompared with
actual RSoE data from GWRC (221R.6, with highest biomass value in each year removed from dataget

accordance with definition of NOF banyisRed line indicates 1:1 relationshBlue lines indicate thresholds of
NOF bands -®.

Table8: Expected values of periphyton biomass (mg Chl. a?) it baseline and under scenarios BAU,
Silver and Gold in the years 2025, 2040 and 2080.

Baseline BAU BAU BAU Silver Silver Silver Gold Gold Gold
2025 2040 2080 2025 2040 2080 2025 2040 2080

Huangarua 170 170 170 170 170 170 114 170 114 114
Kopuaranga 162 162 162 162 162 162 162 162 162 162
Mangatarere 230 230 230 230 230 230 230 230 230 230
Ruamahang@&@Pukio 88 88 88 88 88 88 88 88 88 88
Ruamahang@&@TeOreOre 88 88 88 88 88 88 88 88 88 88
Taueru 92 92 92 92 92 57 57 92 57 57
Tauherenikau 76 76 76 76 76 76 76 76 76 76
Waingawa 81 81 81 81 53 53 53 53 53 53
Waiohine 83 83 83 83 83 83 83 83 83 83
Waipoua 110 110 110 110 110 110 110 110 110 110
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Figure3: Expected values of periphyton biomass (mg Chl.a?)mt baseline and BAU, Silver and Gold
scenarios in 2080.

Table9: Potential responses in periphyton biomass to furtheeductions in dissolved nutrients.

Abbreviations: DRP = dissolved reactive phosphorus. DIN = dissolved inorganic nitrogen. |s 2dlubow

DRP is <5 ppb, Low DIN is <98 ppb. For values of other categories, see Table 4. In columns 4 and 5, periphyton
biomass is in units of mg Chl. a?.m

DRP in Gold or DIN in Gold or Periphyton biomass Change in
Silver 2080 Silver 2080 with low DRP or DIN periphyton
biomass
Huangarua Low Med 114 0
Kopuaranga Med-high Med-high 79 -83
Mangatarere High Med-high 108 -122
Ruamahanga @ Pukio Lowmed Med 57 -31
Ruamahanga @Te OreOre Lowmed Med 57 -31
Taueru Lowmed Med-high 40 -17
Tauherenikau Low Low 76 0
Waingawa Low Lowmed 53 0
Waiohine Lowmed Med 56 27
Waipoua Low Med-high 110 0
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3.2 MacroinvertebrateCommunity Index

3.2.1 Node description and states
Node nameMCI.Units:MCI units

The condition of the macroinvertebrate community is one of the main indicators used internationally
and in New Zealand to assess the overall ecological health of a stream or river (Boothroyd and Stark
2000). The Macroinvertebrate Community Index (MCI;kSaad Maxted 2007) is one of the main

indices used by regional councils across New Zealand to measure the health of the
macroinvertebrate community (Davig€olley et al. 2012MCI was consideretthe mostappropriate
performance measuréor macroinvertebrée community condition in this Bayesian netwdmcause

a)it responds toseveralstressors associated with land use intensifica(i@ollier 2008)and b) it is

used and understood widebcross New Zealantherefore several studies and datasets were

avdlable to determine the key drivers of change in MCI and to quantify the eeffiset relationships
between them.

The states chosen for MCI in this Bayesian network correspond to the condition bands for Excellent,
Good, Fair and Poor ecological healthided by Stark and Maxted (200Rote that the numeric
thresholds of these bands are slightly different to those used by GWRC in a regional MCI
classification of streams in the Wellington region.

3.2.2 Node parents

The main factors determining MCI (and/or itsagtitative variant QMCI) have been described in
several recent publications and reports, e.g., Clapcott et al. (2013); Booker et al. (2015); Death et al.
(2015).0ur choice of the primary factors influencing M@s based onhte causative factors

describedn these publicationsandon our opinions as freshwater ecologisthiese factors are

shown inAppendix Arigure 1.

As for periphyton, instead of showing the entire conditional probability table for M€tlescribe
the relationship between each parent and MCI, and the method for combining these relationships.

We added the effect of each parent node on MCI sequentially in the order they are described below.

We began with #asic distribution of MCl scores &ny 3 G KS F2dzNJ O2YyRAUGAZ2Y o yI

dAaldNAROGdzIA2Y € AY . ltakeS fioknlthy datasetoiMatheson @tkalA (ZDEThig | a
dataset included. 783 sites from Canterbury, Southland} & | Bay) Blanawatu, Greater
Wellington and the NationalifRers Water Quality Network. According to this dataset, 26% of sites

GSNBE Ay GSEOSttSyié¢ O2yRAGAZ2Y 06al L119p RBMOQvérE n /k’:

g S

Of 4S8R | &-p@Bl A NR @z/ 6 SWB Of | Boabumify théleffacdlaehNE 6 a/ L

parent, we multiplied the probabilities in the four MCI condition bands by a set of factors for each
level (state) of the parent node, @escribedn Table®-12.

Mean summer water temperature
Node namemean summer water tempJnits:°C

Clapcdt et al. (2013) identified summéddanuaryjemperature as one of the four variables in the

FENZ (Freshwater Ecosystems of New Zealand) database that is most strongly correlated with MCI
value in a national database of 1033 sif@se database of Clapcodt al. (2013was used to

determine the proportional frequencies (probabilities) of MCI scores in the different condition bands
in the categories of mean summer temperature defined by th&, Z8" and 75" percentiles in the
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dataset, adjusted slightlytconvert air temperature (a FENZ variable) to water temperature and to
harmonise these categories with the categories used for predicting periphyton and trout groiah.
basic probability distribution among the four MCI condition bands were modifiedrdicgpto the
factors inTablel10. At low temperatures (<16.4 °C) macroinvertebrates were considered to be
unstressed, and the probabilities were not altered. At higteenperatures, macroinvertebrates
became progressively more stressed, thus the probabilities of high MCI scoreE1@6@d >119)
became progressively lower while the probabilities of low MCI score89&hd <80) became
progressively highgfTablel0).

As described in the Periphyton secti(®11), water temperature itself is determined by a number of

factors that may change with river managemeBécause the main management factor changing

under the scenarios BAU, Silver and Gold was riparian shade, we used changes in % shade as the sole
predictor of changes in water temperature, asTiable3.

Tablel0: Multiplication factors applied to the basic (prior) probability distribution in MCI condition
bands at different levels of water temperature.

MCI >119 MCI 106119 MCI 8099 MCI <80
Prior probabilities 26% 40% 28% 6%
Temp <16.4 °C 1 1 1 1
16.41t0 17.3°C -1.19 -11 -15 163
17.3t0 19 °C -1.26 -1.19 1.4 2.05
>19°C -1.74 -1.17 141 268

Deposited fine sediment
Node nameDeposited ine sedimentUnits:% cover

Deposition of fine sediment (silt) is widely recognised as a major impact of changing land use on river
ecosystem health (Clapcott et al. 2011). Clapcott et al. (2011) determined a relationship between %
cover of fine sediment (assessed visually from batesand MCI for 454 sites across New Zealand.
They defined a threshold of 20% to separate healthy from unhealthy rivers based owki@Hed

their scatterplot (Fig. 41 in Clapcott et al. 2011) to calculate the proportional frequencies
(probabilities) d MCI scores in the different condition bands above the 20 % threshold, relative to
those at<20% sediment covel éblell). Although he Deposited ine sediment noddasadditional

states (0-1%, £10%,10-20% 20-3099, Clapcott et al. (2011) describe only a single threskintn

<20% to >20% covkerelating tochange in MCIThereforein this BNMClchanges only with a shift in
deposited fine sedimerdcross that threshold
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Tablell: Multiplication factors applied to the probability in each MCI condition band at different ldse
of deposited fine sedimenfhased on data in Clapcott et al. (2011).

MCI >119 MCI 106119 MCI 8699 MCI <80
Sediment <20% 1 1 1 1
Sediment >20% -1.64 -1.02 152 2.23

Intuitively, depositedihe sedimentvould be expected to increase with increasing loddine

sediment entering a river from its catchment. However, in available datasets, this relationship is very
weak with wide uncertainty intervaléHicks et al. 2016)n explaining the weakness of this
relationship Hicks et al. (2016)oted that mostsediment delivery is likely to occur at periods of high
flow that would effectively flush the sedimentribugh the river network until a receiving
environment is reached.fey, and Naden et al. (2016)oncluded that sediment deposition is
influenced moreby stream power (a product of river slope and flow) and median annual flood than
by upstream sediment loacConsistent with this viewBooker(NIWA, pers. commidentified the
strongestpredictors of deposited fine sediment apstream particle size, FREource of flow and
specific mean flowall as defined in Freshwater Ecosystems ofiNZ)New Zealandide dataset In

this Bayesian Network, tise are the factors used to predict deposited fine sediment, and the
conditional probability tableelatingthese factors to deposited fine sedimewnts learned by Netica
FNRBY .221SNRa RFdGFasSao

Change in mean annual low flow
Node name% change in MALBits:% change

Booker et al. (2015) found that the hydrological variable most stragmgigtictingMCI amondL075

river sites across New Zealand was specific MALF, i.e., the mean annual low flow divided by

catchment area. Since the catchment areaoiver will not change with development, a % change in

specific MAL equal to a % change in MALF, thusreprSa Sy 4G SR . 221 SNJ S I f Q&
in MALF. Only a weak relationship was found, MCI decreasing from an average of 105 at specific

MALF of 0.04 to an average of 101.5 at specific MALF of 0.0025. A weak relationship between
invertebrate communities antbw flow level was also found by Suren and Jowett (200i&3.

probability distribution among MCI condition bands at each level of % decrease in MALF was

determined by multiplying the probabilities by the factorsTiable12 (additional details in Storey

2015).

Tablel2: Multiplication factors applied to the probability in each MCI condition band at different levels
of % decrease in MALF.

%MALF decrease MCI >119 MCI 100119 MCI 8099 MCI <80
0-5% 1 1 1 1
5-50% -1.03 1 1.0 1.0
50-90% -1.04 1.01 1.02 1.02
>90% -1.05 1 1.03 1.03
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Periphyton biomass
Node namePeriphyton.Units:mg Chl.a per n.

The main effects of pastoral land use on macroinvertebrates in rural streams (not considering
changes to the riparian zone) are via increased inputs of silt, nutrients and organic matter. Nutrient
inputs affect macroinvertebrates mainly through their etieon increased periphyton biomass,

which can alter the type and quantity of food available to macroinvertebrates and change the
physical habitat. A small increase in periphyton biomass can be beneficial to the macroinvertebrate
community as it representan increase in available food. However, the main effect of this subsidy is
on macroinvertebrate densities, whereas MCI is based on presamsence onlyAccordinglywe
foundthat a small increase in periphyton biomaBd not change the distribution of Kl scores, and

a large increase reduderoportional frequencies in the higher M§thtes.The probabilities of

different MCI condition bands changed with increases in periphyton biomass according to the
multiplication factors irirablel13 (further details inStorey 2015)

Tablel3: Multiplication factors applied to the probability in each MCI condition band at differeletvels
of periphyton biomass based on data in Matheson et al. (2015).

MCI >119 MCI 100119 MCI 8099 MCI <80
Chl a <50 mg/n# 1 1 1 1
50 to 120 mg/m -1.71 1.06 1.88 163
120 to 200 mg/rA -1.90 1.06 2.02 2.38
>200 mg/n# -1.94 -1.40 298 230

3.2.3 Macroinvertebrate Community Indeat baseline

The Bayesian network predicts that at baseline, M@llaitesisa F 4 (MQIB0100) Eigured, Table

14, Figure5). Overall, there is a fairly good correlatipearson r=0.53)etween the BN pedictions

and R®E monitoring data from 20186. The BN tends to underestimate MCI scores b§3.0nits.
However, the relative values among sites agree well between the Bayesian network and RSOE data,
with the exeption of Kopuaranga and Tauehar which the BN estimates are high relative to other

sites. Therefore, greater attention should be given to the relative values among sites and among
scenarios than to the absolute value of any particular site and scenario.
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Figure4: Expected vlues of MCI predicted by BN compared with actual RSoE data from GWRC-(2013
2016). Red line indicates 1:1 relationship.

Tablel4: Expected values MCI at baseline and under scenarios BAU, Silver and Gold in the years 2025,
2040 and2080.

Baseline BAU BAU BAU Silver Silver Silver Gold Gold Gold
2025 2040 2080 2025 2040 2080 2025 2040 2080

Huangarua 85 84 84 84 84 84 85 84 85 85
Kopuaranga 92 92 92 92 92 92 92 92 92 92
Mangatarere 91 91 91 91 91 91 91 91 91 91
Ruamahanga @ 83 83 83 83 83 83 83 83 83 83
Pukio

Ruamahanga @ 86 86 86 86 86 86 86 86 86 86
TeOreOre

Taueru 94 93 93 93 93 94 94 93 94 94
Tauherenikau 97 96 96 96 96 96 96 96 96 96
Waingawa 92 92 92 92 94 94 94 94 94 94
Waiohine 99 99 99 99 99 99 99 99 99 99
Waipoua 82 82 82 82 82 86 86 86 86 86
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Figure5: Expected values of MCI score at baseline and in BAU, Silver and Gold in the year 2080.

3.2.4 Effects ofthree development scenarmon Macroinvertebrate Community Index

MCI shows only very small changes in any scenario. The greatest increase is in the Waipoua River (4
MCI points between BAU and Silver/Gold); the greatest decrease in the Tauherenikau River (1.5 MCI
points between baseline and all scenarios). Only chanf#8 ®CI points or more are typically
considered ecologically significant (Stark and Maxted 2007).

The reasons whglifferences invIClare sosmall between scenarice as followsMCI depends on
deposited fine sediment, % change in mean annual low fMALF), mean summer water
temperature and periphyton biomass.

a)

b)

d)

Deposited fine sediment does not change at any site under any scenario because it is
controlled primarily by the flood regime of rivers, which does not change under any of the
three scenarios. @ may expect deposited fine sediment to be determined, at least in part,
by suspended sediment which decreases under all scenarios. However, there is very weak
empirical evidence for such a relationship, so this BN shows no link between suspended
sedimentand deposited fine sediment.

% change in MALF is <5% for most sites under most scenarios. Exceptions are Huangarua,
Taueru and Tauherenikau which all show2086 decline in MALF relative to baseline in all
scenarios. However, change in MALF has onlyakwéect on MCI score.

Mean summer water temperature stays unchanged in almost all sites under almost all
scenarios. Only Waipoua shows a change in mean summer water temperature state
(declining from 121 °C to 17.49 °C in Silver 2040 Gold 2025, doeiparian planting).

Periphyton changes in only three sites (see above).
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3.3 Phormidium(toxic algae)

3.3.1 Node description and states
Node namePhormidiun covelUnits:% cover

Phormidiumis the main genus of toxic cyanobacteria (commonly known as toxic algae) that form
expansive mats (bloomsaj}tached to benthic substrates in rivers (Heath and Greenfield 2016
McAllister et al. 2016 Phormidiumis considered a nuisaneeainlydue to the neurotoxins produced
by some species that have resultechiimerousdog deathg70between 2003 and 201 #Heath
2013)and raiseconcerngor human healtirisk duringcontact recreation(although cases of health
impacts are not provergndviadrinking watersupply Wood et al. 2014Heath and Greenfield 2016,
McAllister et al. 2016)

Nationally, he rivers with observe®hormidiumissues are primarily nealpine rivers on the lower

lying parts of the dry, eastern side of New Zealand. Thesalspeoften areas with shallow aquifers
that are part of an increasingly allocated water supply, often used to support intensive agriculture
(McAllister et al. 2016)n the Wellington region, the most expansive and frequehormidium

blooms tend to occuin the large gravel bed rivers of the Kapiti, Hutt and Ruamahanga catchments,
with the Waipoua River and the Hutt River experiencing the worst blooms (Heath and Greenfield
2016).Blooms havalsobeen recorded since 2@0n the Huangarua, Ruamahanga (atdee Ore),

and Waingawaivers (Heath and Greenfield 20)160ver the past decade there has been an increase
in the frequency and extent dthormidiumblooms in some New Zealand rivers (McAllister et al.
2016), indicating thaPhormidiumis likely to represnt an increasingly important issue in the future.

Phormidiumblooms are typically defined as mats that cover more than 20% of the riveMéedd
et al. 2014Heath and Greenfield 2016, McAllister et al. 20T®)erefore, in this BN we defined two
statesfor Phormidiumof <20% and >20% cover.

3.3.2 Node parents

The factors determining the probability Bhormidiumblooms (>20% cover) werdentified byS.
Wood (Cawthron Institute) andre consistent with those in published repo(éesg.,Heathand
Greenfield2016 Wood et al. 2017sandpeer-reviewed articlesd.g.,Wood et al. 2017b, review in
McAllister et al2016).They are shown iAppendix Arigure 1The conditional probability tables
were quantified by S. Woo@oth thenetwork structure and the probaitity tables werebased on
knowledge fromnmumerous rivers across New Zealand, and should be applicable to anyravegé g
bed river in New Zealantear-to-year variability irPhormidiumblooms is observed in many rivers,
and this variabilitys not fullyexplained by statistical models or experimental work (Heath and
Greenfield 2016)The probability tables reflect this uncertainty in predictiPigormidiumblooms.

Dissolved reactive phosphorus concentration
Node nameDRP condJnits:ppb.

According to MAllister et al. (2016) and Wood et &0(43, Phormidiumbloomsare most likely

when DRP concentration in the water column is less than 0.01 mg/L (10 ppb). These authors do not
identify alower DRP limitThe reason thaPhormidiumblooms can occur at low DRP concentrations

is probably due to nutrient dynamics within tiRhormidiummats. Phormidiumappears able torap

fine sediment anaxtract phosphorus fronthesefines by altering the pH and redox conditions

within the mat so thaphosphorus is mobilised\ood et al. 201k Thusthe amount of DRP
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available for growth is largely independent of DRP concentrations in the overlying ait&ring
Phormidiumto bloom in rives with low DRRvhere other algae struggle tbloom.

We define the DRP node with 2 states10 ppb and >10 ppb, with the former associated wither
probability ofPhormidiunblooms. After accrual period, DRP concentration has the strongest

influence onPhormidiumgrowth. At >10 ppb, the chance oPdormidiumbloom does not exceed

5%, unless downstream of a sewage treatment plant and >7 days since a flushing flow, in which case
it can be as high as 85%.

Dissolved inorganic nitrogen concentration
Node nameDIN concUnits:ppb.

Several studies (Wood et 20143 2015a) suggest that water column nutrient concentrations during
the initial colonisation phase strongly influence whetR#rormidiumcan establish and subsequently
form mats.Once mats are formed, the relationship betweehormidiumblooms andwvater column
nitrogen concentration becomes more complicated, as processes within theengantrogen

fixation by bacteria) begin to influence the amount of biologically available nitrogen (McAllister et al.
2016). Neverthelessnithe data analysed hyicAllister et al. (2016), ost Phormidiumblooms

occurred atdissolved inorganic nitrogeroncentrations of >@ mg/L (100 ppb)

Thisnode is defined as the average DIN concentration diveraccrual period (as in Woed al.
2014a cited in McAllister etl. 2016) We define 2 states for the node DIN cont0&ppb and 300
ppb. Higher DIN concentrations increase the probability Bharmidiumbloom byup to 40%, the
greater increases occurring when the site is not downstream of a sewage treatmentptiother
conditions are not ideak(g.,electrical conductivity is low, water velocity and deposited fine
sediment are not ideal).

Deposited fine sediment
Node namedeposited fine sedimentJnits:% cover

A common feature of mof2hormidiumdominated mats is a thin layer of fine sediment at the
substrate/mat interface. Fingrained sediment particles that are washed across the mat surface
stick to themat and are incorporated into the mat matriAs described abovejogeochemical
conditionswithin the mat can mobilise sedimeriound phosphorus, which is then available for
growth.

Wood et al. (2015a) and Wood et al. (201&a)nd that river sites witiPhormidiumbloomshad
higherdeposition of fine sediment (<63m), and higher concentratianofbiologically available
phosphoruswithin the sedimentsThese studies suggesiat fine sediment, provided it contains
biologically available phosphorus, is an important factor promadfihgrmidiumbloomsoncemats
are establishedWood (pers. commdescribes fine sediment as probably the most important
variable that can be managed to contftormidiunmblooms.

In regard toPhormidiumblooms,three levels of deposited fine sedimeate functional: <1%,-30%

and >30% coveilhese levels were choseaded on expert opinion, as there is very little empirical
evidence relating levels of fine sedimentRbormidiumblooms.The 130%state is optimal for

growth, andthis state increases the probability ofPdormidiumbloom by up to 45% compared to

lower o higher levels of deposited fine sediment. The greater increases occur when other variables
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are not optimal. Win all other variables are optimal, the probability of a bloom is 10% higlter at
30% fine sediment covéinan at <1% or >30%over.

Electricakconductivity
Node nameConductivity Units: nS/cm

Phormidiumgrowth also appears responsive to various other dissolved chemicals that may represent
essential elements for metabolism. While correlations betwee®hormidiumblooms and any

single elemenhave yet been found (McAllister et al. 2016), blooms appear more likely where a
variety of elements are in higher concentration. The electrical conductivity of the watersequise

this variety of elements, and field data show a linear correlation betwigsrmidiumblooms and
conductivity between 150 and 40@6/cm(S. Wood, pers. comm.)

Two states are defined for electrical conductivity: <bBJIcm and >15@5/cm. Higher conductivity
is associated with an increase in the chance Bharmidiumbloom ofup to 45%, the greater
increases occurring at low DIN concentrations or-sptimal (low or high) levels of deposited fine
sediment.

Accrual period
Node nameMore than 7 days since flushing floWnits categoriesSTRUE, FALSE

Phormidiummats, like all periphyton growths, are removed from river substrate in elevated flows
due to increased shear stress, abrasion by mobilisedparticlesand physical turrover of

adz0a0NI 1Sad ¢KSaS Ft26a I NB |y 2akéyvar@ablebehdlateg KA y 3
Phormidiumabundance (Heath and Greenfield 2016). Generally, the less frequent flushing flows are,
the more abundanPhormidiunwill be (Heath et al. 2011). A flow three times the median has been
widely used to represent a flusty flow (Clausen & Biggs 1997hormidiunmblooms covering

greater than 20% of the riverbed, as well as other periphyton species, can persist in much higher
flows (Wood et al2017h, depending on factors including substrate size, river/stream order and
stage of mat development (Wood et al. 2014). In this Bayesian netwa@rkeave the dehition of a
flushing flow operand recommend the method of Hoyle et al. (2017) to calculate the size of flow

that will remove periphyton ané&hormidiumgrowths.

The acaunal period (the length of time available between flushing event$toormidiunmats to

develop) is the inverse of the frequency of flushing evetit& S y 2 RS da2NB GKIy &aS¢
FTidzAKAY3 Fi26¢ Aa AYyaSNISR 03 yiRd&widiudik SO S REF R

nodes to represent this inverse relationshipK S NBf | GA2YyaAKA L) 60SG6SSy &>

Ft26a¢ IyR (GKS LINPoOolIoAfAGE 2F 0SAy3a gAGKAY T RI

generating a large number of hypothetigedars with different percentages of days with flushing
flows, then for each percentage, calculating the probability of any one day beinigp Wittays of a
flushing flow. A trend line was then fitted between tleetsvo variables as follows:

Log(y+1) =0.0371x + 1.9996

Where x = % of days with flushing flows and y = probability of being within 7 days of a flushing flow.
SincePhormidiumblooms typically only occur during warm summer months, the procedure was
repeated for a 3nonth (90 day) period. Howevehe equation for 90 days was almost identical to

that for a full year (365 days).
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An accrual period of seven days was chosen as this is the period oveRhoichidiumcan increase
from 0% to >20% covereg.,is able to form a bloom (Wood et al. 201%his is a simplification, as
growth rate depends oseveralfactors, including the initial inoculumé.,the amount of material
remaining after the previous flushing event), temperatunetrient concentrationsand
photosynthetically active radiation (Véd et al. 2014).

The node has two states, >7 days and <7 days since flushing fievaccrual period has an
overriding influence oPhormidiumgrowth. At <7 days, the probability ofRhormidiumbloom is 5%
for all combinations of states in other variabl

Water velocity
Node nameWater velocity Units:m/s.

As noted above, increased river velocities can greatly reduce benthic algal communities through
elevated shear stress, abrasion by mobilized sediments and grinding action of tugraled/cobble
substrata(Heathet al.2015). Reduced water velocities may also red@t®rmidiumgrowth in low
nutrient waters, as the supply of nutrients to the growiRgormidiumis related to water velocity.
Therefore, Heatlet al. (2015) found thatPhormidiumcoverwas highest in river velocities between
0.6 m/s and 1.1 m/s, with optimal velocity being greater at sites with larger substrate sizes. Susie
Wood (29/7/16)estimated that optimaPhormidiumgrowth would occur at approximately 0.5 times
the median flow andwould reduce where flowdrop below 0.20.3times median flow

In this Bayesian netwoykve definethree states irthe water velocitynode: <0.3 m/s, 0-3.1 m/s

and >1.1 m/dased on Heath et al. (2015)he middle state (0-3.1 m/s) represents the ophal
growth conditions folPhormidium and increases the probability of blooms by up to 40% compared
with the lower and higher velocity states. The influence of optimal water velocity is greater when
nutrients or dissolved essential elements are limiting}, low DIN concentrationconductivityor
deposited fine sediment

Influence of sewage treatment plant
Node nameDownstream of sewage treatment platinits categoriesyes, no

Most cases wher@hormidiunrespond inan aypical wayto the abovedriverswere downstream of
sewage treatment plantéVicAllister et al. 2016)The reason thaPhormidiunrespondddifferently

below a sewage treatment plant is not well understood (Webdl. 2017p. In this Bayesian

network, the presence of a sewage treagnt plant allowsPhormidiumblooms at DRP

concentrations >10 ppb (whereas in the absence of a STP, blooms are very unlikely to occur at high
DRP concentrations), and reduces the probabilitRlodrmidiumblooms by 530% where other

conditions are ideal.

3.3.3 Probability ofPhormidiumblooms at baseline
Results are reported here as the probability d?tzormidiumbloom (covering >20% of the river bed).

At baselinethe probability of @Phormidiumbloom predicted by the Bayesian network varies from
5% to 54% average probability on any day of the y€ablel5, Figure6). As found in RSOE
monitoring, theBNpredicts that blooms are most likely in the Waipoua River (5®ther rivers
where the probability of a bloom is predicted to be relatively high include Mangaté4é&é)and
Tauherenikay37%) thoughblooms have not been recorded to dadéthese sitesn RSOE
monitoring.Mangatarere has a high probability in the BN because of the presence of a sewage
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treatment plant upstream of the reporting reach. In this BN, a sexagatment plant increases the
uncertainties related to predictions, but does not necessarily raise the chance of a bloom, therefore
the BN may be oveestimating the probability in this casett@r riverswhere blooms havéeen
observed (Huangaruayaingawa andRuamahanga @e Ore Orehad moderate to low chances of a
bloom according to the BN (27%, 25% and 5%, respectively). The reasons for the digcrepanc
betweenthe observed and predictedrobability ofPhormidiumbloomin the Ruamahanga @ Te Ore
reporting reachare not known, bunote thatthis probability does increase dramatically in Silver and
Gold scenarios (see below), which implies that conditiarierms ofmost water quality and flow
variables are conducive to blooms

Tablel5: Expected probability of @hormidiumbloom (>20% cover) at baseline and under scenarios
BAU, Silver and Gold in the years 2025, 2040 and 2080.

Baseline BAU BAU BAU  Silver Silver Silver Gold Gold Gold
2025 2040 2080 2025 2040 2080 2025 2040 2080

Huangarua 27 27 27 27 27 27 27 27 27 27
Kopuaranga 5 5 5 5 5 5 5 5 5 5
Mangatarere 45 5 5 5 5 5 5 5 5 5
Ruamahanga @Pukio 5 5 25 25 25 25 25 25 25 25
Ruamahanga 5 5 5 5 44 44 44 44 44 44
@TeOreOre

Taueru 5 5 5 5 5 27 27 5 27 27
Tauherenikau 37 37 37 37 30 30 30 30 30 30
Waingawa 25 25 25 25 25 25 25 25 25 25
Waiohine 24 5 5 5 25 25 25 25 25 25
Waipoua 54 54 54 54 54 54 54 54 54 54

Effects of land and ater management on ecological aspects of major rivers 35



60%

£ 50%
o
o
‘ED 40%
=
E 30% m Baseline
2 BAU2080
o 20% .
o Silver2080
2
0 10% Gold2080
oo L Wi
> > Q o) 2 Q O @ L >
T IS SN
& o’b* Q;S" orb/ &Q,OK ’\fb Q}QIQ $’b\(\% $'b\o $’b\
O N Q
DN
Figure6: Expected probability oPhormidiumbloom (>20% cover) at baseline and under BAU, Silver and

Gold scenarios in the year 2080.

3.3.4 Effects othree development scenar®on Phormidium

The probability of &@hormidiumbloom does not change significantly in Huangarua, lkognga,
Tauherenikau, Waingavwand Waipoua rivers under any scenafl@blel5, Figure6).

The probability of a bloom decreases significantly in the Mangatarere River (45% at baseline to 5% in
all scenarios by 2025) and in the Waiohine River (24% at baseline to 5% in BAU by 2025). These
decreases are due to a switch from river discharge to thacharge of sewage treatment plant

effluent. Sewage treatment plants cauBbormidiunto act in unpredictable ways, and therefore
Phormidum blooms become more predictable when sewage effluent is kept out of these rivers.

The probability of @hormidiumbloom increases in Ruamahanga at P&k at baseline increases

to 25%by 2080 in Gold and Silver scenariG®d)amahanga at Te Ofg&% at baseline increases4d%

by 2080 in Gold and Silver scenaridgueru (5% at baseline increases to 27% by 2046liha®d

Silver scenarios) and Waiohine (5% in BAU increases to 25% by 2025 in Gold and Silver scenarios).
The increased probability of a bloom in thdeer sites is due to declines in dissolved reactive
phosphate to <1 ppb. Phormidiumcompetes for haltat space more successfully when DRP
concentrations are low than when they are higher, thus the probabilityRifi@midiumbloom can

be inversely related to DRP concentration.

The pobability ofPhormidiumbloom also depends on DIN concentration, depakiiee sediment,
electrical conductivity, water velocity and number of growing days since a flood (flushing) event.
Ct2g @St20A0G& R2SayQi OKIy3aS airAayAFAOLyate Ay
in mean annual flow. Frequency of hifiw events and deposited fine sediment do not change, as
discussed above. Changes in electrical conductivity could not be predicted by the collaborative
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modelling group, therefore are represented as unchanging (note that changes in conductivity due to
modelled changes in DIN concentration would ben&/tm at all sites under all scenarios).

3.4 Trout size and abundance

3.4.1 Node description and states
Node nameTrout size abundJnits:categories good, medium, poor

The trout node attempts to estimate the statd the trout population in a way that relates to its

value for angling. Angler surveys show that both trout abundance and trout size are relevant to
angling, as rivers supporting large numbers of small trout are not favoured (John Hayes, Cawthron
Institute, pers. comm.). Thereforéhis node represents the product of abundance and size. Jowett
(1990) used the product of size and abundance to estimate trout biomass, the measure by which he
separated river sites into different classes on the basis of theit fpopulations. Unlike Jowett

(1990)we did not distinguish between brown trout and rainbow trout, in order to keep our model
relatively simple.

The state categories of good, medium and poor are defined in terms of trout biomass as >2.0 g/m

0.52 g/m? and <0.5 g/m. These are the thresholds use by Jowett (1990) to distinguish rivers with
GKAIKEQ GYSRAdzYé YR af2¢¢ (GNRdzi o0A2%8ad ¢KSe
percentile and the lower 45% of the 157 sites surveyed by Jowett (1990), a collection of sites that
represents a wide geographic spread across New Zealand and a wide range of catchment and

channel conditions (Jowett 1992).

3.4.2 Network structure

The factors Hecting trout size and abundance are showmppendix AFigure 2Trout abundance is
influenced by a different set of factors to trout size, therefore they are each shown by a separate
branch of the Bayesian network. Trout abundance is mainly a funeofibabitat area and

recruitment from spawning (Jowett 1992, John Hayes pers. comm.) whereas trout size is influenced
primarily by temperature, density of prey (drifting invertebrates) and the ability of trout to see their
prey. The importance of habitatea and macroinvertebrate prey abundance were highlighted by
Jowett (1992) who showed that among 89 river sites across New Zealand, 64.4% of variability in the
abundance of large (>200 mm) brown trout was explained by habitat area and benthic
macroinvertebate biomass.

Dissolved oxygen is an owéding factor that may cause mortality if it reaches very low levels, or
retard growth and development at stdbthal levels (Davie€olley et al. 2013). The following
subsections describe these nodes and associatadches of the network.

Trout habitat area % protected
Node nameTrout habitat area %4Jnits: % of natural extent

Since different trout species and life stages have different habitat requirements (different habitat
suitability curves), a clear defirgti of trout habitat area is needed. For the purpose of this Bayesian
network, an appropriate definition for trout habitat area is the area of drift feeding habitat for adult
brown trout at MALF (mean annual low flow). This is the definition used by Yowhigayes (1999)

for trout bioenergetics modelling and by Jowett (1992) in his model of brown trout abundance.
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Using this definition, changes in trout habitat area resulting from changes in flow can be predicted
using RHYHABSIM. RHYHABSIM modelling redateesn the morphology of specific river reaches,
whichusuallyinvolves field survey$iowever, GIS databases now contain sufficiently accurate data
on river morphology that the effect of flow changes on habitat area can be predicted accurately
enough fa the purposes of the Bayesian network. Changes in trout habitat area were predicted from
changes in flovby Jan Diettrich (NIWA) usigvironmental Flows Strategic Allocation Platform
(EFSAP) (Booker 2016)

It is assumed here that a percent change irutrbabitat area results in the same percent change in
trout abundance. Jowett (1992) found a linear correlation between habitat area and the logarithm of
brown trout abundance. Given the broad categonesuse in the trout size and abundance node,

the difference between raw abundance and log abundance is probably minor.

Trout spawning
Node nametrout spawning.Units:categories good, medium, poor

Many New Zealand rivers are recruitmdimited, however in most large river systems spawning

occurs mainlyn tributaries rather than the mainstem (John Hayes, Cawthron Institute, pers. comm.).
Therefore, development scenarios that reduce the spawning potential of the mainstem but not

tributaries may not have a large impact on trout abundance in the mainstemmginstem may be

an important site for spawning if it has very stable flows, e.qg.-lakepringfed rivers. In this

Bayesian networkve allow the user to determine whether the mainstem is important for spawning

08 OK22aAy3d aeéSaiyLZ2WIalyy2E F2NJ AilKkSs WRYRDBE d LL T ay 2§
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development scenario being considered affects the key spawning tributaries as well as the mainstem.

Jowett (1992) found that brown trout were absent from rivers with poor spawning habitat. Therefore

in this Bayesian networked S (G N2 dzi aLJ gyAy3d Fa | aYAYAYdzy 2LIS
abundance cannot be in a better state than trout spawning (gssy/’ 3 G KF 0 a&S&aé¢ A& &St
GAYLRNIFYG F2NJ ALI gyAyAeod t NEPGARSR 20KSNJ FI O 2N
the same state as trout spawning.

Changes in trout spawning with abstraction and land use intensification

Trout spawning isféected primarily by water temperature, dissolved oxygen and clogging of river

beds by silt (Hay et al. 2006). These aspects of water and habitat quality are similar to those affecting

adult trout. The differences are that successful spawning requiresrlaxser temperatures, higher

RA&d4a2t SR 2E&3Sy yR aOfSIFySNE 3aINI @Sta GKIFy | Rdf
the winter spawning period rather than during the summer growth period. Jowett (1992) noted that

trout were rare or absent fronfNew Zealand rivers with minimum annual (i.e., winter) water

temperatures >10 °C, and attributed this to inability to spawn. He defined three levels of spawning
preference as <10 °C,-1a °C and >11 °®@/e have equated these levels to good, medium and poor

trout spawning.

Trout spawning also requires high concentrations of dissolved oxygen within the gravels that eggs are
laid in. Maintaining high dissolved oxygen among the gravels requires maintaining even higher
oxygen concentrations in the overlying wat®aviesColley et al. (2013) cite a USEPA study that
describes no, slight, moderate and severe impairment of production of eaHstéifge trout at

dissolved oxygen concentrations of 11, 9, 8 and 7 mg/L, respectively. A concentration of 6 mg/L
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marks thelimit to avoid acute mortalityWWe used these values to define the effect of winter
dissolved oxygen on trout spawningaplel6).

Tablel6: Probabilities of trout spawning being in good, medium or poor state as a function of winter
dissolved oxygen concentration in the overlying water.

Trout spawning Trout spawning Trout spawning Poor
Good Medium
oxygen <5 mg/L 0% 0% 100%
5-7 mg/L 0% 0% 100%
7-8 mg/L 0% 20% 80%
8-11 mg/L 20% 80% 0%
>11 mg/L 10026 0% 0%

Spawning trout appear to be more sensitive to clogging of river beds by fine silt than
macroinvertebratesare. According to Crisp & Carling (1989), greater than 20% sedimgenésally
seen as a threshold for suitable spawning habitat20® sediment provides adequate to poor
spawning habitat (embryo survival will be affected), less than 10% is good and no sediment is
optimal. In this Bayesian network, ranges gf@%b, 1820%and >20% sediment cover correspond to
good, medium and poor trout spawning.

¢KS GKNBS FIOU2NE AYyTFtdzSyOAy3d GNRdzi aLJ gyAy3
spawning corresponds to the lowest state among the three causative factors.

Trout maximum size
Node nametrout max sizelUnits:% of maximum size expected in a reference stream

The maximum size that trout can attain is a direct function of their growth rate, wsusse

maximum size and growth rate intehangeably here. This erlab us to use experimental data on
growth rates to inform the relationships between nodes, while using a measure that is meaningful to
anglers. In addition, because much data on trout size are gathered from fishing spots, but few data
on growth rates areallected from field situations, using growth rate and maximum size
interchangeably allows us to validate the results of this Bayesian network.

Since experiments by Elliott (1976), it has been commonly recognised that trout growth rates are
primarily influenced by temperature, food supply and visual clarity of the water (Hayes et al. 2000).
Food supply is defined here as the density of drifting macroinvertebrates. Drift feeding ( c.f. benthic
feeding on food items on the river bed) is by far the most eneffjgient form of feeding for trout,

and large invertebrates provide a much higher energy return per unit effort than small invertebrates
(Hayes et al. 2000). Therefore trout growth rates depend strongly on the density of drifting large
invertebrates.

Water temperature exerts a strong influence on trout energetics (hence growth rate). Efficiency of
energy uptake reduces at low water temperatures (Elliott 1976). Meanwhile trout metabolic rate,
and hence energy demand, increases exponentially with tempezgtdayes et al. 2000). As a result
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of these two patterns, brown trout show optimal growth rates at about 13 °C, and steep declines as
temperature increases or decreases away from this value. Temperature and food intake interact in
complex ways. Growth rasefor different combinations of temperature and food intake (expressed
as a percentage of full rations) used in this Bayesian netwWi@il¢17) were derived from growth
curves in Elliott (1976).

Tablel7: Trout growth rates as percentages of maximum growth rate for different combinations of
water temperature and prey abundance (Expressed as % of full rations).

5-11°C 11-16.4 °C 16.419 °C 1921 °C >21°C
100% 44% 100% 28% 0% 0%
75% 44% 91% 13% 0% 0%
50% 44% 56% 9% 0% 0%
25% 37% 11% -28% -44% -44%
10% 0% -28% -61% -67% -67%

The actuahvailability of drifting invertebrates as prey depends on the visual clarity of the water as
well as invertebrate density. This is because decreases in visual clarity allow invertebrates further
from the trout to escape unseen. Hay et al. (2006) state iheltarity is maintained above 1.4 m, the
foraging area for small prey should not be substantially reduced. However, large prey can be seen
from further away, and these may form a significant part of diet. Therefore, to maintain optimal
foraging for larg€60 cm) fish on large (30 mm) prey, water clarity must be maintained above 3.75 m.

Despite evidence that visual clarity has a strong effect on trout bioenergetics, very little data are
available that quantify the effect of reduced visual clarity on trgidwth rates We scaled growth

rates by a factor of 0.8 for visual clarity <1.4 m and 0.95 for visual clarity-8f754m relative to

values at clarity >3.75 m. These factors were conservative estimates based on a) the prediction of
Hayes et al. (2000hat maximum trout weight would decline by 19 and 44%, respectively, when
maximum prey size was reduced from 39 to 12 and 9 mm, and b) the following fiigueda?) taken
from Hay et al. (2006):
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Figure7: Reaction distance to drifting invertebrate prey relative to fish size, and on Hughes and Dill's

(1990)drift foraging model for a range of sizes of invertebrate prey. Referenced in Hay et al. (2006) Figure 1.
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Changes in visual clarity

Changes in suspended sedimamincentration wereestimatedby Jacobs Ltdising{ 2 dzZNOSn 6 S
Water). The relationship betwee visual clarity and suspended sedimenncentrationdiffers among
river catchments (DavieSolley and Close 199@) wasspecifiedin this BNusingRSOHatafor

rivers in the Ruamahanga catchmehat includedboth variables

Trout prey index
Nodename:trout prey index.Units:% of value expected in a reference site.

Trout prey index (TPI; Hayes et al. unpubl. data) is defined here as the density of large drifting
macroinvertebrates. As the TRasstill under developmenat the time of developinghis BN there

are other possible definitions for it, including definitions based on presence/absence rather than
density, or based on benthic or cruise feeding. Trout may feed on benthic (battegting) as well

as drifting macroinvertebrates, but at migreater energy cost, therefore trout growth rate (hence
maximum size) strongly depends on the density of drifting invertebrates. This is the reason for our
choice of definition.

Since different invertebrate taxa grow to different size, and have diffepempensities to drift, some

taxa contribute much more than others to the energy intake of trout. The trout prey index takes
these factors into account, assigning weightings to different taxa according to their potential
contribution to trout diet. Becausef these weightings, TPI is a somewhat different measure to total
invertebrate density or total invertebrate biomass. It also differs from MCI because it is based on
abundance rather than presence/absence and has different weightings to MCI. Despite these
differenceswe considered that the main factors that may cause change in TPI with water abstraction
and land use intensification would be similar to those causing change in MCI. However relationships
may be somewhat different because TPI is a density oreas

Using the taxa weighting scores for drift feeding, Matheson et al. (2015) calculated changes in TPI

GAUK RATFTFSNBY(G SOSta 2F LBKNALRBROE2ZNBEORAXYR YA DA LIt &
biomass Tablel18), reaching a maximum at biomass of 12 mgChl.a/m?2. Up to this level,

periphyton represents a food subsidy, whereas above this level it represents a disruption to

invertebrate habitat.

Tablel8: Percent changes in Trout prey index (measured as densithu@e drifting invertebrates)with
changes in periphyton biomass. Percent changes are relative to TPI-20Q20g Chl. a / fn

Chl a % change compared to optimal
<50 mg/n? -25%
50 to 120 mg/m -16%
120 to 200 mg/m 0%
>200 mg/m -32%
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Floods scour macroinvertebrates from riverbeds, and population densities take time to recover
following such events. Clausen and Biggs (1997) combined data for FRE3 (number of floods >3x
median flow per year) and macroinvertebrate density for 83 riveissiteross New Zealand. From

their datasetwe calculated that macroinvertebrate density is about 10% less at sites with <14 days of
accrual (FRE3=26) compared to sites with >14 days of accrual.

Generally, taxa providing the bulk of the diet for trout tendo mayflies, stoneflies and caddisflies,

also known as EPT taxa. The proportion of an invertebrate community comprised of EPT taxa (YoEPT
abundance) is a common measure of stream ecosystem healthyanded %EPT abundance as a

surrogate for TPI to deterime the effects of fine sediment deposition and water temperature.

Clapcott et al. (2011) showed that %EPT abundance declined by 8% and 38% respectively, as cover of
deposited fine sediment increased froril0% to 1620% and from €.0% to >20%, respectiyel

5FdF FNRY bL2! Q& bldA2ylf WAGSNI 2FGSN) vdzr t AdGe b S
with water temperature as summarised Trablel19.

Tablel9: %EPT abundance and % change in EPT abundance in different categories of summer water
temperature. % change is relative to that at optimal temperature of <11 °C.

Summer water Average % EPT abundanc % change in %EPT abundance

temperature relative to optimal (0 to 11 °C)
O0to11°C 39.2 0%
11to 16.4 °C 39.2 0%
16.4t0 17.3°C 334 -15%
17.3t0 19 °C 20 -49%
19to 21 °C 5 -87%
>21 °C 0 -100%

A value for Trout prey index for each combination of states in each of the four causative factors was
calculated as the product of the % change for the corresponding state in each factor. Values of trout
prey index were then discretised into categorie®Def0%, 1625%, 2550%, 56875% and 78.00%.

Dissolved oxygen
Node nameDissolved oxygertnits: mg/L

Dissolved oxygen is one of the compulsory attributes described in the National Objectives

Framework. The states represented in this Bayesian network pored to the condition bands

specified in the NOF. Therefore, dissolved oxygen concentrations used here are defirdalyas 7

mean minimum values (i.e., the mean value of 7 consecutive daily minimum values) during summer.

The narrative attribute states iktS b h C adGl S GKIFIG RA&&a2ft SR 2E@&3Sy
stress on aquatic organisms, 8@ mg/L represents occasional minor stress on aquatic organisms

including risk of reduced abundance of sensitive fish,/500mg/L represents moderate stress o

aguatic organisms including risk of sensitive fish species being lost, and <5.0 mg/L represents

significant persistent stress on a range of aquatic organisms. Studies by the USEPA (cited-in Davies
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Colley et al. 2013) indicate that low dissolved oxygenreduce the growth rate of salmonid fish.
Using these two sources of informatiame considered that at concentrations >8 mg/L dissolved
oxygen has no effect on trout size and abundance, at concentration8 @h@/L trout size and
abundance is reduced layfactor of 0.9, at concentrations ofAmg/L trout size and abundance is
reduced by a factor of 0.75, and at concentrations <5 mg/L trout size and abundance is reduced to
zero.

3.4.3 Combining parents of trout size and abundance

I @t dzS F2N dei REYAS&AFISa | FIRE Odief SR a GKS LINE R
habitat area % protected (which is equivalent to trout abundance). This value was then maodified by
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Finally, trout spawning was incorporated by providing anargimit to the state for trout size and

abundance (i.e., if trout spawning was medium, trout size and abundance could only achieve a

maximum state of medium, if trout spawning was poor, trout size and abundance could only achieve

a maximum state of poor).

3.4.4 Trout size and abundance at baseline

Trout size and abundance is described as poor to medium among the reporting reaches at current
state (Table20, Figure8). This is mainly because of low water clarity at all sites (<1.4 m average daily
clarity during the summer period December to March) and because of generally poor tegut pr

index €.9.,<10% at Waiohine and Ruamahanga at Pukie2® at Ruamahanga &é Ore Ore).
However, since @a were not available to calibrate the Bilbaseline more attention should be

given to relative values among the different scenarios rathan to absolute values.

Table20: Expected values of trout size/abundance at baseline and under scenarios BAU, Silver and Gold
in the years 2025, 2040 and 2080/alues are on a scale of 0 (poor) to 3 (good).

Baseline BAU BAU BAU Silver  Silver Silver Gold Gold Gold
2025 2040 2080 2025 2040 2080 2025 2040 2080

Huangarua 0 0 0 0 0 0 0 0 0 0
Kopuaranga 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Mangatarere 1 1 1 1 1 1 1 1 1 1
Ruamahanga @Pukio 0 0 0 0 0 0 0 0 0 0
Ruamahanga 0 0 0 0 0 0 0 0 0 0
@TeOreOre

Taueru 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Tauherenikau 0 0 0 0 0 0 0 0 0 0
Waingawa 0 0 0 0 0 0 0 0 0 0
Waiohine 1 1 1 1 1 1 1 1 1 1
Waipoua 0 0 0 0 0 0 0 0 0 0
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Figure8: Expected values of trout size/abundaneg baseline and under BAU, Silver and Gold scenarios
in the year 2080. Values are on a scale of 0 (poor) to 2 (good).

3.4.5 Effects of development scenarios on trout size and abundance

Trout size and abundance does not change at any site under any sceektioe to baselingTable
20, Figure8).

The reasons thato differencesseen among scenari@se as followsTrout size/abundance is based
on % weighted usable habitat area protected (a function of % change in MALF), deposited fine
sediment, summer and winter dissolved oxygen, winter mean temperature, water clarity and trout
prey index (which is a function of summer water temperature, accrual period between floods,
periphyton biomass and deposited fine sediment).

A. % habitat area is >90% in all sites under all scenarios except in Huangarua (where it
decreases to 63% in all sceiws compared with baseline). However, because trout
size/abundance is already poor at this site, a decrease in habitat area makes no
difference.

B. Visual water clarity is <1.4 m at all sites under all scenarios, because suspended solids
is >7.7 g/mMunder dl scenarios. To achieve visual water clarity of >1.4 m would require
suspended sediment concentration of 6 ¢/or less. Note that visual water clarity
appears to be one of the main factors limiting trout size and abundance. For example,
improving clarityto 2 m could raise trout size/abundance to-20% probability of
0SAy3 a322R¢ |G a2YS aAi i Kapuatakga,iMargatdtereO dzZNNB y
Taueru, and Waiohine. Achieving 2 m water clarity would require TSS to be less than
about 2 g/n?.
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C. Trout pey index does not vary among the scenarios at any site except Waipoua where
it increases from 6% (baseline) to 28% (all other scenarios) due to a decrease in
temperature.

3.5 RIiver hird abundance

3.5.1 Node description and states
Node name: Wading lird abundanceBlackbilled gull abundancdJnits:categories OK, reduced

Several species of native bird depend largely or entirely on gravel bed rivers for nesting and feeding.
Bird speciesn the Ruamahanga River and its tributariesludebanded dotterel, blacironted

dotterel, pied stilt, blackbad<ed gull, and blackilled gull K. Hughey, Lincoln University, pers.

comm.)

Each of these species has its own preferences regarding nesting and feealiveyerthe wading

birds (pied stilts, banded and blafilonted dotterels)have enough in common that a single node of a
Bayesian network can be used to summarise the conddfaall three speciesBlackbilled gulls

appear to feed more widely thastilts and dotterelstheir diet consisting more of terrestrial

invertebrates from nearby agricultural areas than of aquatic invertebr@té=Clellan 2009

Therefore, in this BN their abundancealistermined separately, being2 & RSLISY RSy G 2y acC
hY.e¢

The two statesof these nodesepresent ends of a spectrum, and theobability distribution

between them indicates how far along this spectrum the condition of the bird community is. An
AYONBIFaS Ay (GKS LINRPoloAfAGE 2F GNBRAZOSRé NBf Il GAC
abundance ofvading birds or blackilled gulls

3.5.2 Network design

The network forriver birdabundancg AppendixA Figure3) wasbased orthe schema iHughey

(2012) and the threats described by McArthur and Lawson (2013) for river birds in the Ruamahanga
catchment Hughey(2012)describes threats to two aspects of river bird ecology, nesting success and
foods/feeding. Irthis situation, threats to nesting success were given greater weight than threats to
foods/feeding.Although theecological relationships described in this BNw@arderstood in general

terms, mostof them cannot be quantifie due to lack of data. Even the relative strengtrttod

different causal factors may vary from one site to another, and is not known for sites TAIKE
catchmens. Therefore, whileresults fom different scenarios can be interpreted relative to one
another, the probabilities generated for any one scenario should not be interpreted too closely.

Nesting success

River birds typically nest on open gravel bars, a habitat that is naturally higtdynic due to floods
that cover gravel bars andhit their locations. Msting is naturally at risk from unpredictable flows,
but nesting success on many gravel bed rivers is also subject to three main folemeed threats.
These include predation by imtluced mammals, physical disturbance of n¢sishumansdogs,
recreational vehiclesstockor flood protection worksand vegetation encroachment on gravel banks
which forces birds to nest at lower levels on gravel banks where they are more frequaiisbdd

by floods(McArthur and Lawson 2013redation is known to be less on open gravels than on those
covered in vegetation, and on gravel islands than on gravel banks connected to the mainland.
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Therefore, changes to river flow regimes that alter vegieh encroachment and river braidedness
potentially have an indirect effect on river birds.

Food and feeding

Food supply is believed to affdaird population sizes, as nesting densities of some bird species are
highest where habitat conditions provideglgreatest feeding opportunitiefHughey 1998, 2012).
Adequate feeding opportunities requires both an abundance of food (mainly aquatic invertebrates)
and suitable habitat for harvesting this food (typically shallow areas with slow flow).

The relatie impatance of predator impact véood/feedingvs.disturbance of nesting sites is likely

to be different in different river systems (Hughey 20)1@hd is not known for th& ANKrivers

Therefore we have not attempted to distinguish the relative importance of predator impact vs.

feeding OK, but have given both of these double the weighting of bird disturbance. The final outcome
for bird abundance is the product of multiplying the three factors, it optimal state in each

factor being assigned a 1, and the degraded state being assigned 0.25 for predator impact and
feeding OK, and 0.5 for bird disturbandée resulting conditional probability table is showable

21

Black billed gull abundance is determined in the same way as wading bird abundance, except without
the influence of feeding, as black billed gulls typically depend more on terrestrial inveesthhan
aguatic ones. The conditional probability table for black billed gulls is shoWabie22.

Table21: Conditional probability table forwadingbird abundance as a function of bird disturbance,
predator impact and Feeding OK.

Wadingbird abundance

Bird disturbance Predator impact Feeding OK OK Reduced
FALSE low FALSE 25% 75%
FALSE low TRUE 100% 0%
FALSE high FALSE 6% 94%
FALSE high TRUE 25% 75%
TRUE low FALSE 13% 88%
TRUE low TRUE 50% 50%
TRUE high FALSE 3% 97%
TRUE high TRUE 13% 88%
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Table22: Conditional probability table for black billed gull abundance as a function of Wisturbance
and predator impact.

Black billed gulabundance

Bird disturbance Predator impact OK reduced
FALSE low 100% 0%
FALSE high 25% 75%
TRUE low 50% 50%
TRUE high 13% 88%

3.5.3 Node parents

Impact of predators
Node nameimpact of predatorsUnits:categories high, low.

The impact of mammalian predators on river birds is related to two factors. The first is the

GoNF¥ ARSRySaaé¢ 2F I NAODSNE APSdE GKS ydzYoSNI I yR
mainland. This is because mammalpedators visit bird nests on islands much less frequently than

nests on connected gravel banks, despite the fact that many predators can(swghey 201p

Pressure from mammalian predators is also increased where weeds encroach on gravel banks. This is
because weeds tend to attract rabbits, which then attract predators, and because the weeds provide
cover for predators. Unfortunatelyhese relationships are only poorly understood (Hughey 2012).
Therefore the conditional probability table for impact predators are set more conservatively, i.e.,

0KS LINPOFOAfAGASE INB RAAUNAROdzZISR Y2NB S@Syte 0S8
than would be the case if there were higher certainty regarding the effects of weed encroachment
and river braideness Table23).

Table23: Conditional probability table relating river braidedness and weed encroachment to impact of
predators.

Impact of predatos

River braidedness Weed encroachment Low High
high low 80 20
high high 60 40
low low 30 70
low high 20 80

Weed encroachment

Weedencroachment ontagyravel bargs naturally reducedby large floods that overtophe bars and
have the energy to scour vegetation (Hughey 20TBg size of flood expected to remove weeds in
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rivers of the Ruamahanga catchment is estimate@&ghe five-year ARl(average return interval
flood (David Boone, GWRC, pers. comirhl natural rate of removal by floo@dsnot necessarily
sufficient to prevent weed encroachmertndin the Ruamahanga rivers, weed encroachment has
had an impact on riveirds Philippa Crisp, GWRC, pers. comflood frequency and magnitude
canbe reduced by adam on the mainstem or a major tributary, or by harvesting of high flows.

Regional councils often reduce weed encroachment on gravelftwatise purpose of flood
protection, usingherbicides and mechanice@moval This work, which is regarded having a
positive effect on river birds (McArthur et al. 2018)ayhave greater effect oweed encroachment
that natural removal processes (David Boone, GWRC, pers. comm.).

The effects of Q5 and GWRC weed removal on weed encroachment are shbaiiap4.

Table24: Conditional probability table relating Q5 (the size of the fiyear ARI flood) and council weed
removal to weed encroachment.

Weedencroachment
Councilweed removal Q5 Low High
current current 100 0
current reduced 50% 100 0
none current 50 50
none reduced 50% 0 100

River braidedness
Node nameriver braidednessUnits:categories high, low.

River braidednesis defined for the purpose of river bird habitat as the number of islands per km of
river length.High braiding is défied here as >2 islands per river km, and low as <0.2 islands per river
km, based on the number of islands recordedha reportingrivers. In the Ruamahanga catchment,
only the Waingawa River has naturally high braidimkile the Tauherenikau and Ruamahanga @ Te
Ore have medium braidinge., these rivers havenough islands to provide important nesting

habitat for river birds.

Thenumber of islandss affected by three main factors. First is thedance betweersupply of

sediment grave) from upper reachesnd the capacity of the river to remove that graveiver

braiding is a result of large volumes of gravel carried from uppaches by high energy flows that
deposit the gravel when they lose energy (Mosely 2004). The gravels are typically transported along
the riverbed rather than in suspensioS8ediment suppljrom upper reaches may be reduced or
completely halted by a dam anmajor tributary or the mainstenConversely, the capacity of a river

to remove gravel may be reduced by abstraction of flow. The critical element is Q2, the diszharge
the two-yearARI(average return intervalflood.

The effect of thesediment supplytransport capacity ration river braidednessan be determined
with some accuracy using modelsch as MIWA (Morphological Impacts of Water Allocatidicks
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et al.2009. However as thisrequires detailed work using sispecific informationonly a
gereralised relationship has been developed here.

The second factor is encroachment of gravel banks and braids by exotic vegetation (the node here

OFrft SR a6SSR SYONRIOKYSyYyié0®d 9yONRI OKAYy3 @S3aASiHI
result, wide, Iaided rivers tend to become narrow and singjeead (Mosley 2004 )As with

sediment supply and transport capacity, a generalised relationship betwegetation

encroachment on river braidedness inferred from observations (Mosley 20@4gd here

Thethird factor is the flow at mean annual low flow (MALF). Reductions in MALF by water

abstraction may lower water levels so that shallow channels dry up and gravel bars formerly isolated

from the mainland become connected (Hughey 2012). Mosley (1983} &liekt. (2003)Duncan

(2010)and Hicks and Bind (201&howed that for several braided rivers there is a relationship

0SG6SSy AYyONBlIaaAya Ft2¢ YR GKS ydzyoSNJ 2F o0 NI ARA
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only decrease in rivers that have some amount of brallingd b I i dzNJefinesA & & NJA § IIf AR S R
a parent node of river braeiness The relationship between MALF and river braidedness was

developed for the Waingawa River in the Ruamahanga catchmefiguAl count using satellite

images on Google Earth shows that of the number of islands >0.25 ha in area has a roughly linear
relationship with flow above MALF, but below MALF the rate ahddisappearance with decreasing

flow increases.

The relationshipbetweenriver braidednessind all its driverare shown infable25.
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Table25: Caditional probability table relating change in mean annual low flow (MALF), ratio of
sediment supply:transport capacity and weed encroachmeatriver braidedness.

River braidedness

Natural %change in Sediment Weed High Low
braidedness MALF supply:trangport encroachment
capacity ratio

high Oto5 one or more low 1 0
high 0Oto5 one or more high 0.5 0.5
high Oto5 less than one low 0.5 0.5
high Oto5 less than one high 0.25 0.75
high 510 50 one or more low 0.75 0.25
high 5to 50 one ormore high 0.375 0.625
high 510 50 less than one low 0.375 0.625
high 510 50 less than one high 0.1875 0.8125
high 50to 90 one or more low 0.25 0.75
high 50 to 90 one or more high 0.125 0.875
high 50to 90 less than one low 0.125 0.875
high 50 to90 less than one high 0.0625 0.9375
high 90 to 100 one or more low 0 1
high 90 to 100 one or more high 0 1
high 90 to 100 less than one low 0 1
high 90 to 100 less than one high 0 1
low Oto5 one or more low 0 1
low 0Oto5 one or more high 0 1
low Oto5 less than one low 0 1
low Oto5 less than one high 0 1
low 5to0 50 one or more low 0 1
low 51to 50 one or more high 0 1
low 5to0 50 less than one low 0 1
low 51to 50 less than one high 0 1
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River braidedness

Natural %change in Sediment Weed High Low
braidedness MALF supply:trangort encroachment
capacity ratio

low 50 to 90 one or more low 0 1
low 50 to 90 one ormore high 0 1
low 50 to 90 less than one low 0 1
low 50 to 90 less than one high 0 1
low 90 to 100 one or more low 0 1
low 90 to 100 one or more high 0 1
low 90 to 100 less than one low 0 1
low 90 to 100 less than one high 0 1

Disturbance of birahesting sites
Node namebird disturbancelnits:categories true, false

Hughey (2012and McArthur and Lawson (2013) kstveral human activities (fowrheel driving,
movement across gravel banks for fishing or camping) that may cause disturbane tundwnests,

thus reducing nesting success. In additidogs orstock allowed to wander freely over gravel banks
may crush nests, as can heavy machinery brought to extract gravel or rake beaches for flood
protection (Stephenson 2Q1). Such disturbances can be reduced or prevented by policies on the
activities causing disturbance, and by reducing access, e.g., by fencing ouAstmkling to D.

Boone (GWRCHlood protection worksn the Ruamahanga catchmeate now conducted maiwyl

outside of bird breeding season, and in conjunction with bird surveys, to minimise direct disturbance
of breeding birds. Therefore, flood protection works are not included in this BN.

Food and feeding
Node nameFeeding OKUnits:categories true, false

Among the maimwadingbirds of conservation concern (listed above), most fegds on aquatic
invertebrates(Hughey 2012). Food supply is believed to affect population sizes, as nesting densities

of some bird species are highest where habitat conditiommide the greatest feeding

opportunities. This is where the amount of river braiding is greatest (Hughey 1998, 2012). Hughey
OHnMHU O2yOf dzRSa GKI G daoANRaz fA1S 20KSNJFYAYIf a
maintain the energy levelsrégh NBR T2 NJ 0 NSSRAYyIdé | dzZAKS@ OHAMHOD
feeding habitat and food supply as:

1. reduction of low flows to the point where minor channels dry up and food supplies are
lost ¢ for territorial species this can lead to an increase in epergeded to expand and
defend their territories, and
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2.  factors which reduce food supply (i.e., the density of benthic or drifting invertebrates).

The first point relates to the area of suitable feeding haflitat 4 KA OK A& NBLINBaSy (iSR ¢
feedingk I 6 A { I {1 Chianiyds In this Boder an alteredflow regime (elative to a flow egime

without water abstraction) can, in theory, be predictesing RHYHABSIM. Habitat suitability curves

are available for feeding of black fronted terns and wrybilisr{can and Bind 2008o0oker 201}

and we can assume that water depth and velocity preferences for other bird species are similar
enough that curves for these two species can be used to represent all wading birds. However, Booker
(2010)states that a keyactor determining habitat suitability for wading birds is distance from the
shoreline. This is not currently included in RHYHABSIM, and until it is, we are notatiarately

predict changes in bird feeding habitat area with changes in flow reditmeever, since changes in

river flow (and trout habitat areaare minimal at all sites except Huangaruse assumed that bird

feeding habitat area remained within the 8@0% state and at Huangarua, reduced te880%

(based on trout habitat area, which dewid to 63%.)

The second point relates to the density of invertebrate populations. This is represented by the node
Trout prey index. Trout prey index relates primarily to drifting invertebrates. Some bird species (e.g.,
black fronted terns) feed on drift, ke others are benthic feede(slughey 2012), however the

Trout prey index node is affected by factors driving benthic populations as well as drift density,
therefore is considered an appropriate measure of invertebrate food supply for birds.

The node Feding OK is simply the product of invertebrate food density (measured as Trout prey
AYRSEO YR . ANR FTSSRAYy3I KIFIoAGEFEG FNBFd ¢KS LISNDSy
is the percent of the food supply * feeding area that is retainedrmodified flow regime relative to

an unmodified one.

3.5.4 Abundance ofvadingbirdsand black billed gullat baseline

Given the uncertainties in the BN for river birds, the absolute probabilities of black billed bull
abundance or wading bird abundangeS A ¥ 8¢ aaK2dz R y23G 06S AyUGSNLINBGSR
focus should be on changes in these probabilities under different scenarios

Sitesscoring highljor abundance of wadig birds and black billed gulls needed to have both
extensive braiding for protection against predators and relatively high abundances of aquatic
invertebrate food (shown by the trout prey index). Two sifEsyherenikau and Waingawsgored

more highly ttan the othergTable26 and Table27, Figure9 and Figurel0). Low-scoring sites, which
includedRuamahanga @ Pukio, Waipoua and Huangdrad relativelyjow Trout Prey Index scores.
Note, however, that the river birds BN is not designed for comparing sites, as various habitat factors
not included in the BN may affect the suitability of a reach for supporting river bird populations.
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Table26: Probability of wading bird abundance being "OK" at baseline and under scenarios BAU, Silver
and Gold in the years 2025, 2040 and 2080.

Baseline BAU BAU BAU  Silver Silver Silver Gold Gold Gold
2025 2040 2080 2025 2040 2080 2025 2040 2080

Huangarua 12% 11% 11% 11% 11% 11% 11% 11% 11% 11%
Kopuaranga 24% 24%  24%  24% 24% 24% 24% 24% 24% 24%
Mangatarere 24% 24% 24%  24% 24% 24% 24% 24% 24% 24%

Ruamahanga @Pukio 10% 10% 10%  10% 10% 10% 10% 10% 10% 10%

Ruamahanga 17% 17% 17% 17% 17% 17% 17% 17% 17% 17%
@TeOreOre

Taueru 18% 18% 18% 18% 18% 18% 18% 18% 18% 18%
Tauherenikau 33% 31% 31% 31% 31% 31% 31% 31% 31% 31%
Waingawa 32% 32% 32% 32%  32% 32% 32%  32% 32%  32%
Waiohine 24% 24% 24% 24% 24% 24% 24% 24% 24% 24%
Waipoua 10% 10% 10% 10% 10% 18% 18% 18% 18% 18%

Table27: Probability of blackbilled gull abundance being "OK" at baseline and under scenarios BAU,
Silver and Gold in the years 2025, 2040 and 2080.

Baseline BAU BAU BAU Silver Silver Silver Gold Gold Gold
2025 2040 2080 2025 2040 2080 2025 2040 2080

Huangarua 36% 36% 36% 36% 36% 36% 36% 36% 36% 36%
Kopuaranga 36% 36% 36% 36% 36% 36% 36% 36% 36% 36%
Mangatarere 36% 36% 36% 36% 36% 36% 36% 36% 36% 36%

Ruamahanga 36% 36% 36% 36% 36% 36% 36% 36% 36% 36%
@Pukio

Ruamahanga 50% 50% 50% 50% 50% 50% 50% 50% 50% 50%
@TeOreOre

Taueru 36% 36% 36% 36% 36% 36% 36% 36% 36% 36%

Tauherenikau 50% 46% 46% 46% 46% 46% 46% 46% 46% 46%

Waingawa 64% 64% 64% 64% 64% 64% 64% 64% 64% 64%
Waiohine 36% 36% 36% 36% 36% 36% 36% 36% 36% 36%
Waipoua 36% 36% 36% 36% 36% 36% 36% 36% 36% 36%
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Figure9: Probability of wading bird abundance being "OK" at baseline and under scenarios BAU, Silver
and Gold in the yeaR080.
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FigurelO:  Probability of blackbilled gull bird abundance being "OK" at baseline and under scenarios BAU,
Silver and Gold in the year 2080.
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3.5.5 Effects ofthree development scenar®mon abundance of wading birds and black
billed gulls

No change to these values occurs under any scenario atitengxeept Waipoua (where there is an
increase of 6% in Silver and Gold by 2080), Tauherenikau (where there is a decrease of 2% in BAU,
Silver and Gold by 2080) and Huangarua (where there is a decrease of 1% in BAU, Silver and Gold
relative to baselinejTable26).

The Wading birds OK node depends on sufficient feeding resources (Feeding OK), predator impact
and human disturbance. Changes to human disturbance weredsmesi outside the scope of the

plan change and were not modelled in these scenarios. Predator impact does not change in any
reporting reach except the Tauherenikau river (a decrease of 2% in all scenarios compared to
baseline). This change is due to sligrdgp in MALF, which reduces river braidedness and hence gives
predators greater access to chicks. Similar decreases in MALF in the Taueru and Huangarua rivers do
not cause increases in predator impact because natural braiding is low in these rivers.

TheFeeding OK node depends on Bird feeding habitat and Trout Prey Index. Bird feeding habitat

does not decline in any scenario for any site except Huangarua, where it drops86%&0T he trout

prey index does not change significantly in any scenario ateporting reach except Waipoua

(where it increases due to a decrease in mean summer temperature). Theréf&t& y 2 RS & CSS
hYé OKIFIy3aSa 2yfeée G 1dzZy3FkNHzZ yR 21 ALRdZ @

Gulls OK does not change under any scenario at any site except Tauherenikau (Wieere dhe
decrease of 3.5% in BAU, Gold and Silver by 2080)e27).

3.6 Native fish community condition

3.6.1 Node description and states
Node nameFish IBIUnits:IBI scale

Theperformance measure for theverall condition of the native fish community is the Fish Index of
Biotic Integrity, or Fish IBI (Joy and Death 2004). The Fish IBI is a multimetric index cosnbining
metrics thatinclude total(native)taxonamic richnessrichness of native taxa in thrémbitat guilds
(riffle, benthic pool and pelagic pool), richness of native species intolerant of degraded habitat
conditions andhe ratio of native to exotic specie#.is based on presence/absence only alugs

not indicate shifts in the abundance of any fish speciesalculate scoreshe FishIBl compares the
species found at a site with those expected to be at a site, taking into account natural changes in
species diversity that occur with distancesimdl and elevation (Joy & Death 200Rhe IBI was

chosen as the performance indicator for overall fish community conditiontasibeen widely used
across New Zealarahd is a recognised index for assessing the condition of the freshwater fish
community.

Theidentification of key drivers, definition of node states and quantification of the conditional
probability tabledor the Fish IBand individual freshwater speci@sthis Bayesian networnkere all
doneby Alton Perrie (Greater Wellington Regionau@cil)in consultation with Dr Mike Joy (Massey
University) and Richard Storey (NIWR)ey were developedpecificallyfor the Ruamahanga River
and its major tributariesThe factors affecting Fish IBl are showAppendix Arigure4.
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IBI scores can nge from O to 60. For this BN, we defined three states based on IBI scores calculated
from existing fish survey records for the Wellington Region in the NZ Freshwater Fish Database. This
range of IBI scores was split into equal thirds producing the follpwiree states: poor <22, fair 22

32 and good >32.

3.6.2 Node parents

The IBI state that would result from each combination of drivers was decided by the expert

judgement of Alton Perrie (Greater Wellington Regional Council). To help facilitate this judgement
LINEPOS&aa | ailieLAOoOltf FAAK O2 Y Sdnritibdtdriespwhs § KS wdzl Y I K
considered in relation to the drivers. This typical fish commugipresented irrable28 (column 1)

along withan indication of where each species is mostly likely to occur within the catchfo@nmn

2) andthe relative importance of each drives that speciegcolumns 37).

Table28& ¢KS aGeLIAOIE FAakK O2YYdzyAaideé 2F GKS wdzl YFEKEFEy 3l
scores. Impact classes: No impact; + = minimal impact; ++ = likely some impact; +++ = potential for significant
impact. Full descriptias of drivers described below.

Species Locations in Migration barrier Percent deep Bank edge Fine sediment
catchment ostop ostop habitat? cover cover
AgAYYS OfAYOD!
N.D. bully Throughout No impact  No impact + + ++
Common mid-lower +++ +++ + + +
bully reaches mostly
Redfin bully  Throughout + (but still +++ +++ ++ +++
pass)
Torrentfish ~ Throughout +++ +++ +++ + +++
Inanga mid-lower +++ +++ +++ ++ No impact
reaches mostly
Common mid-lower +++ +++ +++ ++ No impact
smelt reaches mostly
Longfin eel  Throughout + (but still +++ +++ +++ ++
pass)
Shortfin eel  Throughout + (but still +++ +++ +++ ++
pass)

INote if this is impacted it is also considered to cause a decline in the quality of riffle habitat

Barriers to migration
Node nameBarriers to migrationUnits:categories none, stop swimmers, stop climbers

alye 2F bS¢ w%SItlyRQa Yyl GAJS HeNBdygeneratichNJ TA 4 K & LIS
migrates between freshwater bodies and the sea. A variethaianstructures andnodifications to

rivers can create barriers preventing fish from passing upstream, downstream or laoilers to
migrationrepresent oneof the major impacts reducing fish occurrence and abundamdéew

Zealand rivers

Different species have differenbdities to overcome potential migration barriers. Some can climb
vertical wet surfaces using attachment structures on their fins. These are referred to here as
GOAYOSNBR®E ¢KSe Ay Of dzRdne gakSidgSTalileass thostlspedios fhat 6 dzf £ A S &

FNB YAYAYFEE& FFFSOG SR Other speciesida Hothave thig Abty, SnNZré 0 | NN
NEFSNNBER (2 KSIhEBindude camingnibidty SridBaddcertain galaxiids such as

A % 4 A x

inanga (inTable28x (1 K24S ALISOASAE aA3dyAFTAOLyidte FFFSOGSR o
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The barrier node has three states:
w Nobarrier: fish pasage is not impeded in any way.
w  Stop swimmes. the barrier inhibits passage fepecies classified as swimmers

w Stop climbers: the &rrier inhibits passage for all diadromous species (both
GasAYYSNEE DYR aOf AYOSNAGE

Bank edge cover
Node rame:Bank edge covelJnits:percent ofchannellength

Most New Zealand freshwatdish, even pelagic species, require some form of instream cQaarer

canbe provided bybenthic substratgsuch as boulders, cobbldargewood andaquatic

macrophytes)undercut bank®r bank/riparian vegetation interaction with the wetted channel of

the river. The latter factors (undercut banks and bank/riparian vegetation interaction with the

wetted channelwere considered very important in the Rmahanga River catchmentherefore this

Bayesian network focuses tank edge features |j dzZl YGAFe@Ay3I GKSY Ay GKS y?2
We assume thaif such features occur alor2P% or morenf the channellength, the habitat

requirements ofishhave benmet. SG6SSy p YR Hm: O020SNI Aa O2yainr
amount of cover, and <5% cover is considered poor.

The amount of bank edge cover may be reduideiparian vegetation ocontact between the

wetted channelandthe banks are reduced. Wassume that riparian vegetation extent (measured as

the % of bank length with riparian trees or shrubs) is directly proportional to the amount of bank

edge cover. We also assume that riparian shrubs provide half of the cover benefits of riparian trees,

andi KAa SFFSOG Aa NBLNBSaSyiSR o0& (KS y2RS daNRLI NR

Channel contact with the banks defined as the % of channel length that is in contact with one bank
or the other. Channel contact with banksy be reduced b# reduction in flow that reduces the
wetted channel width(such that the wetted channel shrinks away from the bardsbyflood
protection works that shift the wetted channelvay from the river bank&hus reducing the

influence of overhanging bankdparian vegetaibn shading, riparian root mats amigparian wood
fallen intothe channe). We assume that flood protection works are only done where the river is in
contact with the banKbecause this is where it is needetherefore the % of river with flad
protectionworks results in a decline of channel contact with bank by the sanTdéuelationship
betweenli K S  ywattRdBwidthY 6 | y | F dzf f and dhahideKcorskt iith anks was
determined empirically using measured craggstionson 5 kmlong reaches oeach ofine fourth-

to seventhorderrivers in the Ruamahanga catchment in Google Earth.

Bank edge cover is related to its parent notgshe equation:

Bank edgeover =
100*((Rip_veg/100)*(Contact_bank/100)*(0.5+(0.5*(Ripveg_ty0&N)+(0.5*((100
Rip_veg)/100)*(Contact_bank/100)))

Mesohabitat diversity
Node namePercent deep pools and rundnits: percent of channel length
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Different fishspecieshave different habitat need€Rversthat have a natural morphology and
maintain poad, riffle, run sequences, they tend to maintain a diverse range of habitats and hence a
more likely to contain a more diverse fish communityorder toprovide a univariate measure of
mesohabitat diversity we focus on deep pools and runs, as thedesgigabitats required byome

fish species andre most at risk of losd/Ve also believe that the occurrence of deep pool and run
habitat is linked with the quality of shallow riffle habitat and that a decrease in the occurrence of
deep habitat will resultri poorer riffle habitat being present; and hence a decline in riffle dwelling
fish species (ie, our measure of deep pool and run habitat also relates to the quality of riffle habitat).
We measure the occurrence of deep pools and runs as percent of cHangét. We estimatedthat

the habitat needs of freshwater fislvould be met when deep pools and runs occupy >20% of the
channel lengthDeep pool and run habitavasconsidered to be severely limiting wheroitcupies
<10% of channel length. Therefothree states were definetbr this node <10%, 120% and >20%.

Deep pools may be reduced or lost by channel modifications and sedimentation. In the Ruamahanga
catchment, the former was considered more likely to result in loss of deep habitat than the latter,

and flood protection works were considered to represent thain form of channel modificationWe
assumed that in the absence of human influence, deep pool and run habitat would occdP§30f
channel lengthWe considered that flood protection works would focus on deep pool and run

habitats, as these tend to ogcnear the river banks where bank erosion during floods is most likely.
Allowing for some uncertainty in these assumptions, the probability table relating flood protection
works to deep pool and run habitat is shownTiable29.

Table29: Conditional probability table showing the effect of flood protection works on deep pool and
run habitat.

Deep pool and run habitat (% of channel length)

Flood protection works (% <10% 10-20% >20%
of channel length)

0-10% 0 0 100
10-20% 0 5 95
20-30% 0 40 60
30-40% 5 55 40
40-50% 40 55 5
50-60% 60 40 0
60-70% 95 5 0
70-80% 100 0 0
80-90% 100 0 0
90-100% 100 0 0
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Deposited ine sediment
Node nameDepositedfine sedimentUnits:% cove

Alargenumber of freshwater fish specigsacluding bullies, torrentfisland eel speciesre benthic
(i.e.,live on theriver bed) Depositedine sediment cover can smothéarger substrates such as
cobblesinfilling thespaces between them that fish use for habitat and feed{igpcott et al2011)
Deposited fine sediment therefoneducesthe suitability or quality of habitat for thedésh species,
reducing the likelihood that thewill be presentNo studies have dectly tested the mortality oNew
Zealandhative fishes in response to deposited sediments (Clapcott et al. 2011). Thetefees
thresholds for deposited fine sedimentge relied on expert judgmerguidedby international
literature in which salmonid gawning shows some impairment fste sedimentcover >10% and
significant impairment at ocer >20% (Clapcott et al. 201We assume that rivers will naturally have
some deposited fine sediment, and therefore defirE0%cover amatural or not harmful to fish.
Conversely, we consider that >50% cover of fine sediment causes major impacts on fisfarThus
predicting Fish IBI and presence of individual fish speaiesiefine three states of deposited fine
sediment: <10%, 180% &ad >50% cover.

The parents (predictors) of deposited fine sediment are the same as descrisextion 3.2.2

Other influential factors

Several other environmental factors may influence the fish community (and hence alter Fish IBI
scores) at certain plaseand times. Elevatedater temperaturecan be stressful for fish, leading to
lethal and suHethal effects. Water temperatures can reach stressful levelee@rRuamahangRiver

and its main tributaries. Dissolved oxygen may cdet&l or sublethal stress when depleted.

Finally, macrophytes may alter habitat and cause extreme fluctuations in dissolved oxygen and pH
when growth is excessive. These factors méiyence fish community compositioat certain times

and places. Howevein terms of the wideriverscape, the drivers included in the Bayesian network
were considered to be the primary ones

3.6.3 Combining parents dfish IBI

The combined effects of migration barriers, bank edge cover, mesohabitat diversity and deposited
fine sediment are shown iMable30. The key features (reference points) of this table are:

w  With all variables in optimal state, we expect (with 90% confidence) an IBI score6ff 50

w  With allvariables in optimal state except no deep pooiguns we expect an IBI score of not
more than30.

w  With all variables in optimal state except no instream cowear expect an 1Bl score of not
more than 40

w  With all variables in optimal statexcepthigh deposition of fine sedimeniye expect an IBI
score of not more than 35

w  With all variables in optimal statexcept barrier to climbers and swimmevge expect an IBI
score of not more than 20

w  With all variables in optimal statxcept barrier taswimmers we expect an IBI score of not
more than40.
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Table30: Conditional probability table for Fish IBdhowing the combined effects of migration barriers,
bank edge cover, mesohabitat diversity and deposited fine sediment.

Fish IBkcore

Migration barriers % deep poolsfuns Bank edgecover Hne sediment <22 22-32 >32

none <10% <5% <10% 60 40 0

none <10% <5% 10-50% 62 38 0

none <10% <5% >50% 65 35 0

none <10% 5-20% <10% 40 50 10
none <10% 5-20% 10-50% 50 45 5

none <10% 5-20% >50% 55 40 5

none <10% >20% <10% 30 40 30
none <10% >20% 10-50% 35 40 25
none <10% >20% >50% 40 45 15
none 10-20% <5% <10% 30 45 25
none 10-20% <5% 10-50% 35 45 20
none 10-20% <5% >50% 45 45 10
none 10-20% 5-20% <10% 20 40 40
none 10-20% 5-20% 10-50% 20 45 35
none 10-20% 5-20% >50% 25 50 25
none 10-20% >20% <10% 0 40 60
none 10-20% >20% 10-50% 5 40 55
none 10-20% >20% >50% 10 45 45
none >20% <5% <10% 20 20 60
none >20% <5% 10-50% 20 25 55
none >20% <5% >50% 25 30 45
none >20% 5-20% <10% 0 25 75
none >20% 5-20% 10-50% 0 30 70
none >20% 5-20% >50% 10 30 60
none >20% >20% <10% 0 10 90
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Fish IBkcore

Migration barriers % deep poolsfuns Bank edgecover Hne sediment <22 22-32 >32
none >20% >20% 10-50% 0 15 85
none >20% >20% >50% 0 25 75
stop swimmers <10% <5% <10% 63 37 0
stop swimmers <10% <5% 10-50% 68 32 0
stop swimmers <10% <5% >50% 70 30 0
stop swimmers <10% 5-20% <10% 50 50 0
stop swimmers <10% 5-20% 10-50% 53 47 0
stop swimmers <10% 5-20% >50% 56 44 0
stop swimmers <10% >20% <10% 50 45 5
stop swimmers <10% >20% 10-50% 52 46 2
stop swimmers <10% >20% >50% 54 46 0
stop swimmers 10-20% <5% <10% 55 40 5
stop swimmers 10-20% <5% 10-50% 57 41 2
stop swimmers 10-20% <5% >50% 59 41 0
stop swimmers 10-20% 5-20% <10% 40 45 15
stop swimmers 10-20% 5-20% 10-50% 42 46 12
stop swimmers 10-20% 5-20% >50% 44 47 9
stop swimmers 10-20% >20% <10% 30 50 20
stop swimmers 10-20% >20% 10-50% 32 51 17
stop swimmers 10-20% >20% >50% 34 52 14
stop swimmers >20% <5% <10% 50 45 5
stop swimmers >20% <5% 10-50% 52 46 2
stop swimmers >20% <5% >50% 53 47 0
stop swimmers >20% 5-20% <10% 30 45 25
stop swimmers >20% 5-20% 10-50% 32 46 22
stop swimmers >20% 5-20% >50% 34 47 19
stop swimmers >20% >20% <10% 10 50 40
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Fish IBkcore

Migration barriers % deep poolsfuns Bank edgecover Hne sediment <22 22-32 >32

stop swimmers >20% >20% 10-50% 12 51 37
stop swimmers >20% >20% >50% 14 52 34
stop climbers <10% <5% <10% 85 15 0
stop climbers <10% <5% 10-50% 86 14 0
stop climbers <10% <5% >50% 87 13 0
stop climbers <10% 5-20% <10% 80 20 0
stop climbers <10% 5-20% 10-50% 81 19 0
stop climbers <10% 5-20% >50% 82 18 0
stop climbers <10% >20% <10% 75 25 0
stop climbers <10% >20% 10-50% 76 24 0
stop climbers <10% >20% >50% 77 23 0
stop climbers 10-20% <5% <10% 80 20 0
stop climbers 10-20% <5% 10-50% 81 19 0
stop climbers 10-20% <5% >50% 82 18 0
stop climbers 10-20% 5-20% <10% 74 25 1
stop climbers 10-20% 5-20% 10-50% 75 25 0
stop climbers 10-20% 5-20% >50% 76 24 0
stop climbers 10-20% >20% <10% 70 25 5
stop climbers 10-20% >20% 10-50% 71 25 4
stop climbers 10-20% >20% >50% 72 25 3
stop climbers >20% <5% <10% 75 24 1
stop climbers >20% <5% 10-50% 76 24 0
stopclimbers >20% <5% >50% 77 23 0
stop climbers >20% 5-20% <10% 70 25 5
stop climbers >20% 5-20% 10-50% 71 25 4
stop climbers >20% 5-20% >50% 72 25 3
stop climbers >20% >20% <10% 70 20 10
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Fish IBkcore

Migration barriers % deep poolsfuns Bank edgecover Hne sediment <22 22-32 >32

stop climbers >20% >20% 10-50% 70 21 9

stop climbers >20% >20% >50% 70 22 8

3.7 Native fishindividualspecies
Node name: LF and SF eels, redfin bullies, inandaits: categories present, absent

A range of species considered as taonga species by Maori and valued by the public were
recommended by the Ruamahan@éhaitua Committedor inclusion into the Bayesian network.

These included kanakana (lamprey), longfin tuna (eel), shortfin tuna (eel), inanga, patiki (black
flounder), kakahi (freshwater mussel) and koura (freshwater crayfish). Of these, we considered we
had enough informatioron ecology and sensitivity to different anthropogenic factony for longfin

and shortfin eel and inangao only these taonga species were includethe BNIn addition we

included redfin bully becaudbe eel species and inanga aa# considered to be relatively tolerant to

a range of anthropogenic factors. Redfin bullies have more sensitive relationships with the drivers in
the BN than eels and inanga,dindare intended torepresent a range of more ssitive species

As described iffable28, each of these species has somewhat different habitat requirements and
different levels of tolerance to subptimal conditiors. Further details are given belowhe Bayesian
network showing the factors affecting the individual fish speciesAgppendix Arigure4.

3.7.1 Longfin and shortfin eels

Longfin and shortfin eel were combined into one node as both species are consideesgpomd
similarly to the key drivers that are included in the BN. The following considerations were applied
when determining the probability of eel presence within a reach:

w Both species are expected to be present (in low numbers) even when habitat islgeve
degraded. Therefore, to account for this, the lowest likelihood of an eel being present was set
at 50% and ranged from 50 to 100%.

w Deep pool and run hydraulic habitat and instream and riparian cover were considered to be
the most important driversdr eels and of about equal importance in determining the
probability ofeelpresence. Deposited sediment was considered to be less infludd#aéd on
these assessmentthe change in probability of eel presence with a shift in state of each driver
was @lculated according to the valuesTiable31.

3.7.2 Redfin bully
The following considerations were applied when determining the probability of redfin bully presence:

w Inthe Ruamahanga River catchment, redfin iegitan be found in the in the mainstems of the
main tributaries and are regularly encountered far inland in the headwater reaches of these
rivers. However, this speciesnst verycommonanywhere inthe Ruamahaga riverscapgand
evenwhere ideal habitat is presetihere is the chance that this species will not be present.
Therefore, in this Blthe maximumprobability ofRedfin bullypresencewas set at 90%
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A Redfin bullesare consideredelatively good abvercomingnstreammigration
barriers so they wer®f | 8 a8 SR | & & tOdr probab8itdf écdurrdn@ysO0 S
notreduced byx © I NNA SNA adidi avd YNSREGSR (G2 x> o0& ao

A Within the Ruamahanga River catchmeredfin buliestend to be associated with
well-developed riffle habitat that contains large boulder/cobplsubstrate, or in close
proximity to this type of habitat @&., immediately downstream of the riffleyvell-
developed riffle habitat tends tbe associateavith deep pool and run habitat
therefore redfin bully presence declines with a decline in deep pools and runs.

A GPercentdeep poosandrurst gl & O2y aARSNBR (i grébabdity N2y 3Sai
of redfin bully presencet KS Yy SEG Y2aid A YIS2 MBIRA Y SNK @S IS b
This reflects that redfin bully are benthic and tend to be associated with larger
& dzo & (Bahke®D®2®WSNE g+ a O2yaAARSNBR 2F yS3ftAaAro
the presence of this speciéBased on these assessments, the changeabability of
eel presence with a shift in state of each driver was calculated according to the values
in Table31.

3.7.3 Inanga
The following considerations were appliathen allocating therobability of inangapresence

A AlthoughitisO2 y aA RSNBR I ,inth2 BuarhayfdRga Rivds catshghént
inanga can still be present in reasonable numhgrdo 70 kminland. However, the
likelihood of encountering therdecreagswith distance inlandRecognising that at
inland sitesnanga might not be recorded in survesigen where habitat conditions are
ideal, the maximum probability of presence was set at 90%.
A inangawereclassed &3 g A ¥YXSNESy OB d a b NMIZSINE Of A YO SNA £

v

reducedthe probability of finding inangdo 0%.Amongthe other driversd RS S L) L2 2t a
' YR Mbmy/chrisideredKS Y2aid AYLER2NIIFyYyGScores Fite2 3SR 0@
sediment covemwas considered to be of negligible importanBased on thee

assessments, the change in probabilityrafngapresence with a shift in state of each

driver was calculated according to the valueJable31.

Table31: Change in probability of presence for longfin and shortfin eels, redfin bullies and inanga with a
change in state of various habitat factorsNumbers refer to the change in probability mesence resulting

from a shiftof one statein the corresponding habitat variablee.g., fori KS K 6 A (perdent@éeplfodlsd f S &
and rung, a shiftof one state means a shifitom <10% to 1€20%, or from 1€0% to >20%. Larger values

indicate greater sensitivity to the corresponding habitat variable.

LF &SF eels Redfin bullies Inanga

barriers: stop swimmers 0 0 -100%
barriers: stop climbers -100% -100% -100%
%deep pools and runs +10% +40% +25%
bank edge cover +10% +15% +15%
deposited fine sediment % cove -5% -2% -2%
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3.7.4 Fish IBI and presence thiree native fish species at baseline

At baseline Fish IBI scores ranffem 49to 55, which places alkeporting reached y

of redfin bullies 6779% and the probability of inanga-88%(Table33, Table34 and Table35,

Figurel2, Figurel3 andFigureld).

0KS
category (>32]Table32, Figurell). The probability of eels being present is8B8%, the probability

a3I22RE

Table32: Expected values Fish IBI at baseline and under scenarios BAU, Silver and Gold in the years 2025,
2040 and 2080.
Baseline BAU BAU BAU Silver Silver Silver Gold Gold Gold
2025 2040 2080 2025 2040 2080 2025 2040 2080
Huangarua 54 54 54 54 54 54 54 54 54 54
Kopuaranga 54 54 54 54 54 54 54 54 54 54
Mangatarere 54 54 54 54 54 54 54 54 54 54
Ruamahanga @Pukio 55 55 55 55 55 55 55 55 55 55
Ruamahanga 55 55 55 55 55 55 55 55 55 55
@TeOreOre
Taueru 54 54 54 54 54 54 54 54 54 54
Tauherenikau 55 55 55 55 55 55 55 55 55 55
Waingawa 49 49 49 49 50 50 50 50 50 50
Waiohine 55 55 55 55 55 55 55 55 55 55
Waipoua 55 55 55 55 55 55 55 55 55 55
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Table33: Expected probabilities of longfiand shortfin eels being present at baseline and under
scenarios BAU, Silver and Gold in years 2025, 2040 and 2080.

Baseline BAU BAU BAU  Silver Silver Silver Gold Gold Gold
2025 2040 2080 2025 2040 2080 2025 2040 2080

Huangarua 94% 94%  94%  94% 94% 94% 94% 94%  94%  94%
Kopuaranga 93% 93% 93% 93% 93% 93% 93% 93% 93% 93%
Mangatarere 93% 93% 93% 93% 93% 93% 93% 93% 93%  93%

Ruamahanga @Pukio 94% 94%  94%  94% 94% 94% 94% 94% 94% 94%

Ruamahanga 94% 94% 94% 94% 94% 94% 94% 94% 94% 94%
@TeOreOre

Taueru 93% 93% 93% 93%  93% 93% 93% 93% 93%  93%
Tauherenikau 97% 97% 97% 97% 97% 97% 97% 97% 97% 97%
Waingawa 85% 85% 85% 85% 86% 87% 87% 86% 87% 87%
Waiohine 97% 97% 97% 97% 97% 97% 97% 97% 97% 97%
Waipoua 94% 94% 94% 94% 94% 94% 94% 94% 94% 94%

Table34: Expected probabilities of redfin bullies being present at baseline and under scenarios BAU,
Silver and Gold in the years 2025, 2040 and 2080.

Baseline BAU BAU BAU Silver Silver Silver Gold Gold Gold
2025 2040 2080 2025 2040 2080 2025 2040 2080

Huangarua 69% 69% 69% 69% 69% 69% 69% 69% 69% 69%
Kopuaranga 67% 67% 67% 67% 67% 67% 67% 67% 67% 67%
Mangatarere 68% 68% 68% 68% 68% 68% 68% 68% 68% 68%

Ruamahanga @Pukio 71% 1% 71% 71% 71% 71% 71% 71% 71% 71%

Ruamahanga 71% 71% 71% 71% 71% 71% 71% 71% 71% 71%
@TeOreOre

Taueru 67% 67% 67% 67% 67% 67% 67% 67% 67% 67%
Tauherenikau 79% 79% 79% 79% @ 79% 79% 79%  79% 79%  79%
Waingawa 76% 76% 76% 76% 76% 76% 7% 76% 7% 7%
Waiohine 79% 79% 79% 79% 79% 79% 79% 79% 79% 79%
Waipoua 71% 71% 71% 71% 71% 71% 71% 71% 71% 71%
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Table35:

Expected probabilities of inanga being present at baseline and under scenarios BAU, Silver and
Gold in the years 2025, 2040 and 2080.

Baseline

BAU
2025

BAU
2040

BAU
2080

Silver
2025

Silver
2040

Silver
2080

Gold
2025

Gold
2040

Gold
2080

Huangarua
Kopuaranga
Mangatarere
Ruamahanga @Pukio

Ruamahanga
@TeOreOre

Taueru
Tauherenikau
Waingawa
Waiohine

Waipoua

84%

84%

84%

84%

84%

84%

85%

68%

85%

84%

84%

84%

84%

84%

84%

84%

85%

68%

85%

84%

84%

84%

84%

84%

84%

84%

85%

68%

85%

84%

84%

84%

84%

84%

84%

84%

85%

68%

85%
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84%

84%

84%

84%

84%

84%

85%
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85%

84%

84%

84%

84%

84%

84%

84%

85%
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85%

84%

84%

84%

84%

84%

84%

84%

85%

71%

85%

84%

84%

84%

84%

84%

84%

84%

85%
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85%
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Figurell:  Expected values Fish IBI at baseline and under scenarios BAU, Silver and Gold in the year 2080.
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Figurel2:  Expected probabilities of longfin andhortfin eels being present at baseline and under
scenarios BAU, Silver and Gold in the year 2080.

Figurel3:  Expected probabilities of redfin bullies being present at baseline and under scenarios BAU,
Silver and Gold in the year 2080.
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