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Executive Summary

Irrigation demand on the Galatea Plains is increpsiith intensification of dairy farming. Surface
and groundwater resources on the plains are appr@por exceeding default limits set by
Environment Bay of Plenty and farmers are now Iogkio the Rangitaiki and Whirinaki Rivers for
water supply. Environment Bay of Plenty has undemnahabitat surveys of the Rangitaiki and
Whirinaki Rivers to support the setting of an Ieatm Minimum Flow Requirement (IMFR) on these
rivers. Environment Bay of Plenty commissioned NIWbAreport on the results of habitat surveys for
determining flow requirements for the upper-Rarngit®iver and the Whirinaki River.

Instream habitat modelling (RHYHABSIM) was used todal change in fish habitat with flow for the
Rangitaiki and Whirinaki Rivers. This method meetguirements to use objective scientific methods
set out in the Proposed Regional Water and Land @ay of Plenty). Deriving an IMFR (instream
minimum flow requirement) from the modelling outgotlowed a standard method. The method, in
short, allows a percent reduction in habitat depahdn the significance of each fish species.

Flow requirements for fish habitat in the Rangitd®ver at Galatea are relatively low (IMFR 8.7
m’/s, compared to a 5-year low flow {Q@f 19.4 ni/s at Galatea). The Rangitaiki River trout fishery
is regionally significant and consequently the reaceended IMFR for this reach provides a high level
of protection for habitat of large rainbow trouislir habitat requirements further downstream at Te
Teko were reviewed, but the available data provesuiiable for determining approximate flow
requirements. A habitat survey would be requiredhie lower Rangitaiki River before additional
allocations were made from the River. Water tempeeamodelling is also recommended in
determining the flow requirements of the lower-rive

Flow requirements of the Whirinaki River were ablssessed. The Whirinaki is another regionally
significant trout fishery, and habitat is the @i issue here requiring flows in excess of thet@
provide adequate habitat protection (IMFR 6.%smQ; 4.3 ni/s). With a forested catchment and no
major point discharges, it is considered unliklgttwater quality issues would require higher flows

Minimum Flows for the Whirinaki River and upper-Rygtaiki River iv
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I ntroduction

11
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Study Brief

Irrigation demand on the Galatea Plains is incrgpsiith intensification of dairy
farming. The Galatea Plains provide well-drainddvédl soils that dry out quickly in
summer. Surface and groundwater resources on thiesplre approaching or
exceeding default limits set by Environment BayRiénty, and farmers are now
looking to the Rangitaiki and Whirinaki Rivers, whiborder the Galatea Plains, for
water supply. Environment Bay of Plenty have uralem habitat surveys of the
Whirinaki and upper-Rangitaiki Rivers to supporé thetting of minimum flows on
these rivers (Figure 1.1). Bente Clausen was cohetlato analyse this data using the
habitat-modelling programme RHYHABSIM. NIWA was theontracted to report
this information and raise any other issues that gotentially critical in setting
minimum flows for the two rivers. Environment Bay Blenty decided this report
should focus on habitat issues, with major disobsrgnd associated water quality
issues dealt with on an individual consent badigs Teport presents the results of the
habitat surveys, for the purpose of identifyingical issues that will determine the
minimum flows for the Rangitaiki and Whirinaki Ringe

Background

Water from streams in the Bay of Plenty region sediby irrigators, industry and
municipal schemes. The Proposed Regional WatelLand Plan has stipulated that
minimum flows be set using objective scientific heads, such as the Instream Flow
Incremental Methodology (IFIM). Environment Bay déRty reviewed the ecological
effects of water abstraction and methods for ggttiinimum flows (Wilding 1999),
and then applied these methods in a series ofestu#lVilding 2000, 2002a, 2002b,
2003).

Central to these studies was the development dfeBrm management objectives.
These were developed to allow consistent interpoeteof the habitat modelling
results across the Bay of Plenty. The approactoviall concepts advocated by the
Ministry for the Environment (MfE 1998) to implemerrggional plan objectives, and
is explained in Appendix |. The objective is to yide adequate protection for aquatic
ecosystems and this is achieved by identifyingimamy flow for each species and
then scaling this by an appropriate protection lleVhat level is determined by the
significance of the given fish population. The mecoeended minimum flow, termed
the IMFR (instream minimum flow requirement), is éason the species with the
highest flow requirement.

Minimum Flows for the Whirinaki River and upper-Rgaiki River 1
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The past reports included a regionalisation analiysiorder to generalise the results
from the selected sites to other streams. To aehigs, the Bay of Plenty Region was
divided into areas supporting similar stream typRegionalisation analysis has
already been undertaken for the Kaimai area andahga area (Wilding 2002b,
2003). However, this approach is not applied toRamgitaiki and Whirinaki Rivers
because of the lack of other rivers in the regiois size to justify generalisation
analysis.

1.3 IMFR and Water Allocation

As set out in the Proposed Regional Water and LRladah, the IMFR (instream
minimum flow requirement) is used to set surfacéewallocation limits. The IMFR
sets the flow below which the stream shall not dkeh by abstraction. It also
determines the allocatable flow (the sum of coresgribkes) for two abstraction
scenarios — termed low-flow allocation and highaflallocation. The low flow
allocation is calculated by subtracting the IMFRnfrthe @ (one in 5-year 7-day low
flow). The Q is the management level established in the PrapBsgional Water
and Land Plan. Using thes@igure provides water to abstractors, on averamyg f
years out of five before natural drought conditirmuld require them to stop taking
water (to prevent the stream flow dropping below tMFR). This provides some
degree of certainty for water abstractors. The Higl allocation (water harvesting) is
available when stream flow is above thg @here the take is of short duration and
does not compromise the IMFR. A Resource Conserdggired for both high and
low-flow allocation takes.

These methods of restricting takes are termedItheation method. The intention of
the allocation method is to set an environmeni@hdard which allows for reliable
surface water abstraction, while ensuring that estveffects on aquatic habitats (and
other values) are avoided, remedied or mitigat8de (the Proposed Regional Water
and Land Plan for an explanation).

14 Scope

The scope of this report is to determine minimuswflequirements for the Whirinaki
and upper-Rangitaiki Rivers based on fish habitatiefling. This report does not
provide an exhaustive review of issues relatedotw in the Rangitaiki and Whirinaki
catchments, instead it provides focussed assessvheémtriver ecological issues for
setting minimum flows. The Ministry for the Envinment's flow guidelines (MfE

1998) present a range of other ecological, commuamt cultural values potentially
affected by river flows that are outside the scoifphis report.

Minimum Flows for the Whirinaki River and upper-Rgaiki River 2
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The Rangitaiki and Whirinaki Rivers are the foctishis report. Locations of habitat

surveys are indicated for both rivers, as well gdrérelectric dams and the Fonterra
milk processing plant in Edgecumbe. The Wheao posafreme includes small

impoundments on the Rangitaiki and Wheao Riverstjusghe south of this map. The

headwaters of the Rangitaiki River border the Ldlkaipo catchment. Figure 2.1

offers a closer look at the habitat survey reachbs.blue lines are rivers and the red
lines are roads.
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2. Methods

21

Sites and Catchment I nformation

Habitat surveys were undertaken on the Rangitailli Whirinaki Rivers. Sites were
chosen to investigate the flow requirements of meacpotentially affected by
irrigation abstraction on the Galatea Plains (FégRul). Generally speaking, the reach
most affected by a water take is that with the fataflow — typically the reach just
downstream of a take. So for the Rangitaiki Riveeach was chosen adjacent to the
Galatea Plains, between the Whirinaki River comfageand Lake Aniwhenua (Figure
2.1). There are several streams flowing into therriover this reach, of which the
Horomanga River is the largest. For the WhirinaikiR a reach was chosen upstream
of the Whirinaki Road bridge (Figure 2.1).

Both the Rangitaiki and Whirinaki Rivers are latge Bay of Plenty standards. The
Whirinaki is a tributary of the Rangitaiki, but theo rivers are quite different in
character. The Rangitaiki drains a large area efGhntral Volcanic Plateau and the
catchment is mostly forested (52% exotic productaast, 25% native forest). Flows
are relatively stable because the pumice soilsigmdhbrite geology (ignimbrite plus
Taupo and Kaharoa breccia and ashes) allow rafilttation of rainfall, increasing
groundwater flow and reducing the occurrence afdlevents. This geology produces
streams with mostly sandy runs plus occasionaldoédand cobble.

The Rangitaiki supports a regionally-significantresational trout fishery, particularly
Lake Aniwhenua which is a hydroelectric impoundmiemiated just downstream of
the habitat study reach (Proposed Regional WatgiLand Plan, Schedule 1D). The
long distance inland, and the presence of natumdl artificial barriers, limits the
abundance and diversity of native fish in the ugpangitaiki River (above Matahina
Dam). Recently, significant numbers of small eetyevreported in Galatea streams
(Wilding 2002), because the Kokopu Trust have reanually transferring eels above
Matahina and Aniwhenua Dam since 1989. There areraklydroelectric dams on
the Rangitaiki River (Figure 1.1). The Wheao Pow&sheme is inland from
Murupara, and with relatively little storage capaaperates mostly on run of river
flow. Aniwhenua and Matahina are the two larger déooated between Galatea and
Te Teko (Figure 1.1). The resource consents for MadéaDam have an existing
minimum flow requirement of 40 #s and allow daily twin-peaking of flows for peak-
demand generation (Consent number 02 2195/1, ¢omditl).

Minimum Flows for the Whirinaki River and upper-Rgaiki River 4
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Downstream of the dams, the Rangitaiki River fl@gsoss the Rangitaiki Plains, and
the land use changes to dairy pasture and hotieylthough pasture remains a small
proportion of the total catchment area (17% at rilker mouth). The main point
discharge to the river is effluent from the millopessing site in Edgecumbe, operated
by Fonterra Limited (Figure 1.1). The township of mdpara discharges treated
sewage to the river above the Galatea Plains.

Returning to the Whirinaki, this river emerges frtime lkawhenua Ranges and flows
6 km across the Galatea Plains before joining thegRaiki River (Figure 2.1). The

substrate is mainly cobble and boulder with frequéfies. The catchment geology

includes large areas of pumice and ignimbrite,abldt of the baserock is greywacke
(63% crushed argillite), which is why the WhirindXiver is more similar in character
to the cobble streams of the Ikawhenua Rangestthidne Rangitaiki River. This river

is a regionally significant trout fishery (ProposBegional Water and Land Plan,
Schedule 1D). Most of the catchment is native fo(patt of the Whirinaki Forest

Park), with smaller areas of plantation pine fo@2% native forest and scrub, 11%
exotic production forest).

Flow statistics for both rivers are summarised abl€ 2.1.

Minimum Flows for the Whirinaki River and upper-Rgaiki River 5
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Table2.1: Flow statistics for the Whirinaki River, and forri@us locations along the Rangitaiki
River (units n¥/s). Q is the 1 in 5-year, 7-day low flow. MALF is the @&dmean
annual low flow. Estimates for the Galatea survgch are the sum of flows for the
Rangitaiki River at Murupara and the Whirinaki RivEhornton is at the river mouth
of the Rangitaiki River, and estimates for thi sitere calculated using mean flow
estimates produced for the River Environment Cligssion scaled in proportion to
measured flow statistics for Rangitaiki at Te Tdkoe REC uses catchment area,
rainfall and evaporation rates to calculate flow).

Median flow MALF Qs flow record
Rangitaiki at Murupara (site 15408) 20.8 15.4 135 1949-2000
Rangitaiki at Galatea 325 20.6 17.8 estimate
Rangitaiki at Te Teko (site 15412) 62 44 40 1948-2004
Rangitaiki at Thornton 63 44.5 40.5 estimate
Whirinaki at Galatea (site 15410) 11.7 5.2 4.3 1953-2000

2.2 Trout surveys

Because trout are expected to have the highest fbowirements, fishing methods
were chosen that would identify the species and singe of trout present. Drift
diving was undertaken following methods of HicksVeatson (1985) and Kusabs
(2000). A 1500 m long section of the Rangitaiki &iwas drift-dived by 6 people on
12 May 2003. Water clarity was 2.3 m (horizontalcklaisc). This was insufficient
for accurate fish counts in a river of this deptid aelocity, but still provided useful
information on the species and size range preséetRangitaiki River was surveyed
by NIWA above Murupara in January 1988 with betisibility of 4.7 m (Tierney &
Jowett 1990). A 1500 m section of the Whirinaki €&iwas dived on 12 May 2003,
again by 6 people, with 2.3 m clarity (adequatethis smaller river). Both the
Rangitaiki and Whirinaki drift-dive sections oveplavith the surveyed habitat sections
(Figure 2.1). Drift dive records for the Whirinakere also supplied by Fish & Game
New Zealand, Eastern Region (‘Fish & Game’) who imnthe river annually just
upstream at Mangamate Falls.

Minimum Flows for the Whirinaki River and upper-Rgaiki River 6
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Figure2.1: Galatea Plains and the location of habitat survegszsections on the Whirinaki and
Rangitaiki Rivers. Fifteen cross-sections (“CS”)revehosen to represent habitat for
each reach and are represented by red stars. (NAUY27 © Sourced from Land
Information New Zealand data. Crown copyright resdy).
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2.3 Habitat Survey

The physical habitat component of IFIM (instreamowflincremental methodology)

was used to evaluate change in fish habitat witv.flThis method focuses on depth,
velocity and substrate as determinants of habitatalslity. Survey dates and

measured flows are summarised in Appendix 2.

Data were collected from the Whirinaki River follmg the habitat mapping method
described by Jowett (1996). This involves measutfiieglength of run, riffle and pool
habitat over a reach so that the survey crossesexctihosen to represent each of these
habitat types can then be weighted according t@gstimn of river habitat each
represents. Of the fifteen cross-sections originslirveyed, five water level markers
were lost or tampered with before sufficient datald be collected. Pools were
infrequent in this reach, and the only pool crossien surveyed was omitted because
the water level marker was lost.

The Rangitaiki River has more uniform channel thia®m Whirinaki and comprises
mainly of run habitat. Fifteen cross-sections w@eeed randomly along the river (c.
1 km) and all given equal weighting in the analyJike data from some of these
cross-sections (sections 11 to 14) was omitted fiibvm analysis because of
inconsistent water level readings. Eleven crosiecsecwere used in the analysis.

Flow requirements of the lower Rangitaiki River ardside the scope of this report.
However, some preliminary analysis was undertakedetermine whether a habitat
survey is required in the lower-river. Only if flel@quirements in the lower-river are
greater than the Galatea reach would this limitewallocation at Galatea. In the
absence of habitat survey data, alternative crestemal data was obtained in the
hope of providing some understanding of flow reeunents for fish habitat in the
lower-river. Standard flow measurements record hyidtepth, velocity and water
level, which provide most of the cross-sectionaladeequirements of the habitat
modelling procedure (substrate composition and elveater measurements are not
included in flow gaugings). Only one cross-sect®measured however, compared to
15 for a normal habitat survey. NIWA operates aiooous flow recorder at Te Teko,
and flow measurements are undertaken routinely eialibrate stage-discharge
calculations. Five flow measurements were chosem fdifferent years in the hope
that the shape of the channel would have changemigbnto provide some
representation of channel heterogeneity.

Minimum Flows for the Whirinaki River and upper-Rgaiki River 8
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24 Data Analysis

The data were analysed using RHYHABSIM (version , 3dbwett 2001).
RHYHABSIM stands for River Hydraulics and Habitatnilation. The habitat
analysis proceeded as follows:

1. Flows were computed from depth and velocity mesments for each cross-
section.
2. A relationship between water level (stage) aog f(or rating curve) was

developed for each cross-section using a leastag|tia to the logarithms of
the measured flows and water levels, including stimated stage at zero
flow.

3. Water depths and velocities were computed aviohehl measurement points
for a range of simulated flows. Then habitat siilitgbwas evaluated from
habitat suitability curves for each fish speciepg@ndix 3).

4, The weighted usable area (WUA) for each simdldliewv was calculated as
the sum of the habitat suitability scores acrosh eaoss-section, weighted by
the proportion of the habitat type that each cemdion represents in the
river.

5. WUA was plotted against flow and the resultingrves examined to
determine flow requirements.

In order to derive more sensible rating curves, esathanges were made to the
Rangitaiki data (Galatea reach). The calibrationgifeg from 4 February 2003 was
deleted because it was an outlier in all ratingsesr A stage at zero flow was
nominated for cross-section 15, as the calibragiamgings indicated water level was
being controlled downstream - possibly by Lake Amiwua (SZF set at 1.4 m below
peg height). The survey flow was calculated asatierage of what were considered
the best cross-section gaugings (cross-sectioBs @& 8). This gave a flow of 15.2
m’/s, compared to the reach average of 13*8,nand in doing so produced more
sensible ratings. The analysis allowed for thevimffrom the Horomanga River below
cross-section 13. There were no such problems thithdata from the Whirinaki
River.

Deriving minimum flows from habitat-flow responsaurees followed specific
instream management objectives, which were devdlépeapplication to the wider
Bay of Plenty region. There are three steps tortbthod:

Minimum Flows for the Whirinaki River and upper-Rgaiki River 9
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1. Identify the primary flow for each species. Thighe flow where habitat is
optimal, unless the optimum exceeds the streamsaldtow (median flow)
and is therefore unreasonable. In the latter casghe MALF as the primary
flow.

2. Multiply habitat at the primary flow by the appr@te protection level to
obtain a minimum flow for each species. Protectienels are scaled
according to population/ecosystem significancedgiin Appendix 1).

3. The species with the highest minimum flow detess the IMFR.
This approach is explained in greater detail in éyppx 1.

A range of different habitat criteria have beenaleped for rainbow and brown trout,
both in New Zealand and North America. The critefi@sen will affect the minimum
flow value because, generally speaking, largertth@ve higher flow requirements.
After recommendations by Hayes (2000) and lan Jo@WA pers. comm.), the
favoured criteria are presented in Table 2.2, witht size determining which criteria
are appropriate in each case. A significant progomf rainbow trout observed in the
Rangitaiki and Whirinaki exceeded the size rang®menended for the Cheeseman-
Bovee habitat criteria. In the absence of more @pjate criteria, habitat was also
modelled using habitat criteria developed for latgeut in the Tongariro River
(Appendix 3). The velocity criteria from the Tongarmay have been influenced by
anglers, causing the fish to seek out higher thafeped water velocity (Jowett et al.
1996).

Table2.2: Trout habitat criteria for use with RHYHABSIM based size range of fish present in
the study reach.

Species Size Habitat Criteria
Brown Trout Adult (>40cm) “Brown trout adult (Hayes & Jowett 1994)”
Yearling (15-25cm) “Brown trout yearling (Raleigh 1986)”
Fry (<15cm) “Brown trout fry to 15cm (Raleigh 1986)”
Rainbow Trout Medium adults “Rainbow trout feeding
(30-45cm) (30-40cm Cheeseman Bovee)”
Juvenile (<20cm) “Juvenile rainbow trout feeding

(Cheeseman Bovee)”

Minimum Flows for the Whirinaki River and upper-Rgaiki River 10
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3. Reaults

31

311

Rangitaiki River
Fish Habitat M odelling

A habitat survey was undertaken on the Galateahrdmtween the Whirinaki
confluence and Lake Aniwhenua. This section ofRhagitaiki River is some 50 km
inland and flows alongside the Galatea Plains, whergation abstractions are
proposed.

Existing records from the New Zealand Freshwateh Bdatabase (September 2004)
reveal shortfin and longfin eels plus some dwatéxjas are present in tributaries of
the Rangitaiki River around Galatea. Young eelsrane present in the Galatea area
as a result of the elver transfer programme padiahitaa and Aniwhenua dams.
Dwarf galaxias are unlikely to be found in the R&aiki River (preferring shallow
cobble habitat), but their habitat criteria werelilled in the modelling for reference
(Figure 3.1). The native fish species have lowewftequirements than trout (Table
3.2).

The Proposed Regional Water and Land Plan (Schdd)ldists the Rangitaiki River
as a significant trout fishery and drift diving ealed plenty of large rainbow trout,
plus some large brown trout (Table 3.1). AdditibyyalTeirney & Jowett (1990)
classified the Rangitaiki as a high abundance tiiwat. Therefore a habitat protection
level of 95% was chosen for application to the nfloue results for trout habitat
(Figures 3.2 & 3.3) using the method describedeatiBn 2.4 and Appendix 1.

Minimum flows were calculated for each species dfal dtage (Table 3.2). The
highest flow requirement is for adult rainbow trauging the Tongariro habitat criteria
(10.5 ni/s). As mentioned in the methods, the Tongariroltattaut criteria are
believed to overestimate flow requirements for darginbow trout except where
angler pressure is high. Therefore, the averagbeofarge trout Tongariro flow and
the medium trout flow is recommended to providega@d¢e protection for the large
trout found in the Galatea reach (8.7/sh This IMFR is considerably less than the
natural low flows, so it is important to investigatvhether other river values have
higher flow requirements.

Minimum Flows for the Whirinaki River and upper-Rgaiki River 11
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Drift-diving results from the Rangitaiki and Whidki Rivers presented as fish
observed per kilometre. Drift-diving of the WhirkiaRiver was undertaken by
Environment Bay of Plenty and Eastern Region FisB@&me (Fish & Game results
are averages from 6 years of annual monitoring).untlances observed by
Environment Bay of Plenty for the Rangitaiki Rivame questionable because of poor
water clarity. NIWA results are from Tierney & Jaw€l990). Small fish are < 230
mm); large fish are > 380 mm.

Rangitaiki Whirinaki
fish/km Env. BOP NIWA Env. BOP Fish &Game
Rainbow trout small 42 15
Rainbow med. 51 75 16 13
Rainbow large 14 25 2 5
Brown trout small 4 6
Brown med. 7 11
Brown large 3 6
Unident. trout small 39 27 6
Unident. med. 7
Unident. large 2
Total 107 155 45 70

Dwarf Galaxias

Shortfin eel

Longfin eel

O Primary flow

® Minimum flow

MALF

— — —-Median

0 5 10 15 20 25 30 35

Flow (m®/s)

Change in native fish habitat with flow for the Raniki River at Galatea. The
primary flow is the point to which the protectiorvel is applied (see Worked
Example, Appendix 1). MALF is the mean annual Idani Qs is the 1 in 5-year 7-
day low flow.

Minimum Flows for the Whirinaki River and upper-Rgaiki River 12
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Rainbow trout adult (Tongariro)

Rainbow trout adult (30-40cm)
feeding (Bovee pers. comm.)

Rainbow trout 10-20 cm
feeding (Tongariro)

Rainbow trout juvenile feeding
(Bovee pers. comm.)

o  Primary flow

° Minimum flow

—— MALF

— — — - Median flow

0 : : : . : :
0 5 10 15 20 25 30 35| Q5

Flow (mé/s)

Figure3.2: Change in rainbow trout habitat with flow for therRjitaiki River at Galatea. The
primary flow is the point to which the protectioavel is applied (see Worked
Example, Appendix 1). MALF is the mean annual Idani Qs is the 1 in 5-year 7-

day low flow.
10 Brow n trout adult (Hayes &
Jow ett 1994)
Brow n trout yearling (Raleigh
8 - et al. 1984)
Brow n trout fry to 15cm
(Raleigh et al. 1984)
6 ) .
o  Primary flow
4 o Minimum flow
——— MALF
2
— — — - Median flow
0 : : : 1 : : — Q5
0 5 10 15 20 25 30 35

Flow (mé/s)

Figure3.3: Change in brown trout habitat with flow for the Réaaiki River at Galatea. The primary
flow is the point to which the protection levelapplied (see Worked Example, Appendix 1).
MALF is the mean annual low flow,:(s the 1 in 5-year 7-day low flow.
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Table3.2: Minimum flows (n/s) calculated for fish in the Rangitaiki River @alatea and the
Whirinaki River. The protection level for trout addvarf galaxias was set at 95%, and
for eels 85%. The IMFR is calculated as the avecdgiee minimum flow for medium
and large adult rainbow trout (see section 3.1.1).

Minimum Flow (m®/s)

Species / life stage Rangitaiki at Galatea  Whirinaki River
Brown trout adult 4.8 3.1
Brown trout yearling 1.9 1.3
Brown trout fry 1.6 1.3
Brown trout spawning 18
(Shirvell & Dungey 1983)
Rainbow trout large adult
(Tongariro) 105 85
Rainbow trout medium adult 6.8 4.4
Rainbow trout juvenile 25 1.6
Rainbow trout spawning (Tongariro) 2.4
Dwarf galaxias 0.2 0.3
Londfin eel 0.09 0.8
Shortfin eel 0.08 1.9
IMFR 8.7 6.5
Qs flow 19.4 4.3

Flow requirements for trout habitat were estimdtmdthe lower-Rangitaiki River at
Te Teko, using cross-sectional data originally exi#d for flow gaugings at the
NIWA flow recorder. However, the results were nansidered reliable enough to
include in this report. Velocities in the Rangiiadiiver at the Te Teko flow recorder
are high (cross-section average close to 1 m/g), ame not predicted to drop
significantly till flows fall below 30 n¥s (Figure 3.4). Although unusual, the
relationship between flow and velocity is correxg,confirmed by the gauging data at
Te Teko. This situation produced a habitat peakathrt trout at about 10 ¥#s, when
flows were sufficiently low for velocities to drdp about 0.5 m/s; and a second peak
at much higher flows (>30 s) when slower flowing margins became deep enough
for adult trout. Subtle changes to the ratings peed significant jumps in minimum
flows, depending on the magnitude of the first péd&re cross-sections would need
to be surveyed to obtain a reliable estimate af flequirements for fish habitat in the
lower Rangitaiki River.
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Legend

——| Velocity
—%—| Depth

Value

Flow (m®/s)

Figure3.4: Predicted change in velocity (m/s) and depth (mhviiow at the Te Teko flow
monitoring site on the Rangitaiki River (site 15112

312 Water Quality

Discharges upstream of the Galatea reach weressessed because water abstraction
is proposed on the Galatea Plains (Figure 2.1)refbee contaminants would be
abstracted in proportion to the irrigation taked aso concentrations would not
increase. This applies to the treated sewage digetfeom Murupara township, and
any groundwater derived run-off from the log-yamdMurupara (stormwater from the
log-yard, containing resin-acids, is dischargedrtmundwater).

Water quality issues in the lower-Rangitaiki Riwewuld potentially have higher flow
requirements than the upper-river. However, theelemwver is not the focus of this
report, so water quality issues are mentioned Fardhe sole purpose of guiding
future work on the lower-river. There are majorctisrges from the Rangitaiki Plains
to the lower-river, including from the Fonterra lied milk processing site at
Edgecumbe (Figure 1.1). Lactose is discharged hek is an issue because it
promotes the growth of sewage fungus in the rifgliitosh & Bruere 2004, Scholes
& Mclintosh 2004). The growth of sewage fungus wil &ffected by the quantity of
lactose discharged as well as the flow availabléheriver for dilution. Fonterra’s
consent for the lactose discharge includes limdseld on in-river concentrations
(consent number 02 4211, condition 7.2.3), whiclamsehe amount that Fonterra can
discharge is controlled by river flows.
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With increased organic loading in the lower rivemfh pasture and major discharges,
dissolved oxygen is worthy of consideration for edetining flow requirements.
Environment Bay of Plenty monitoring data show thatygen concentrations
approach saturation most of the time (average 9&Bration, with a 5 percentile
value of 83%). This is based on spot measuremesds,do not provide an
understanding of diurnal fluctuations, which candignificant. Deployment of data
loggers would provide a better picture of oxygesués in the river.

Average monthly temperatures of the lower Rangitilikver remain below 2@
through summer, which is within the preference eawnd most species (based on
Environment Bay of Plenty monitoring data). Howexthe 95-percentile temperatures
are approaching the limits for some species, regc@3C in January. As with
oxygen, data loggers provide better informatiordmnal fluctuations in temperature,
and would also provide useful validation data femperature modelling, which is
recommended as part of the IMFR investigation ferlthwer-Rangitaiki River.

Temperature and oxygen conditions are expectecetatitheir worst in the lower
river, where total organic loading is higher andrthal equilibrium more likely to be
reached. For this reason the two parameters wérevatuated for the upper-river.

3.2 Whirinaki River

A habitat survey was undertaken on the WhirinakieRi upstream of the Whirinaki

Road Bridge (Figure 2.1). Drift diving results frdfish & Game is based on multiple
surveys and reveal similar numbers of brown angb@w trout, many of which were
large fish (Table 3.1). The Whirinaki is a regidpasignificant trout fishery, as

classified in the Proposed Regional Water and LRlath (Schedule 1D). Minimum

flows were calculated from the modelling resultsngsthe method specified in
Section 2.4 and Appendix 1 with the protection lef@ trout set at 95%, in

recognition of the significance of the fishery.

Maximum habitat for juvenile trout and native spedaiecurs at flows less than 3/m

(Figures 3.4 to 3.6), while adult trout prefer hégtlows that are betweens@nd

median flow (Figures 3.4 & 3.5). Minimum flows calated for each species and life
stage are presented in Table 3.2. As for the RaikgRiver, we again encounter the
problem of lack of suitable habitat criteria forda rainbow trout. The Bovee criteria
are for medium adults (< 450 mm) and the Tongaiiteria may overestimate flow
requirements for larger fish (see section 2.3 &13.11 therefore recommend the
IMFR be based on the average of the two criterjgréwide a high level of protection

Minimum Flows for the Whirinaki River and upper-Rgaiki River 16



'—\N.l WA—

Taihoro Nukurangi

for large rainbow trout (6.5 #s). An IMFR greater than the allocation limit ot
flow means no water is available for allocatiomfrthe Whirinaki River (see section
1.3).

Because the IMFR based on fish habitat preventsrveditication, examining other
potentially critical issues becomes less importdrite Whirinaki River drains a
largely forested catchment and there does not appe&e any significant point
discharges, so it is unlikely that there would g water quality issues that would
require higher minimum flows in the Whirinaki catsclnt. The Whirinaki flows into

the Rangitaiki River, at which point abstractiongymalso be limited by flow

requirements of the Rangitaiki.

Rainbow troutlarge
adult (Tongariro)

Rainbow trout medium
adult

Rainbow trout juvenile

I
|
|
|
|
|
|
|
|
|
———O—\:‘ Rainbow trout spawning
|

O  Primaryflow

Habitat (WUA m?/m)

® Minimum flow

----05

MALF

6 8 10 12| _ _ _ _ Median flow

Flow (m%s)

Figure3.4: Change in habitat with flow for various life stagefsrainbow trout in the Whirinaki
River. Primary flow is the available habitat vakoewhich the protection level (95%)
is applied to produce the minimum flow for each cige (see Worked Example,
Appendix 1). Qis the one in 5-year 7-day low flow; MALF is the ameannual 7-day
low flow. Habitat preference curves are given impApdix 3.
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Habitat (WUA m?/m)

Brown trout adult

Brown trout yearling

Brown trout fry

Brown trout spawning

O  Primaryflow

() Minimum flow

MALF

Flow (m®/s)

— — — — Median flow

Figure3.5: Change in habitat with flow for brown trout in thi¢hirinaki River. Primary flow is
the available habitat value to which the protectiewel (95%) is applied to produce
the minimum flow for each species (see Worked Examfppendix 1). Qis the one
in 5-year 7-day low flow; MALF is the mean annuald&@y low flow. Habitat

preference curves are given in Appendix 3.
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Longfin eel
Shortfin eel

Dwarf galaxias

O  Primary Flow
® Minimum Flow

| : — — Median flow
; : \ MALF
2 /.__ =0 ----05
: |

O T T : T T T I
0 2 4 6 8 10 12

Habitat (WUA m?/m)

Flow (m?s)

Figure3.6: Change in habitat with flow for native fish in ti¢hirinaki River. Primary flow is the
available habitat value to which the protectionelevs applied to produce the
minimum flow for each species (see Worked Examffmgpendix 1). The protection
level for eels is 85% and for dwarf galaxias 95%.i$)the one in 5-year 7-day low
flow; MALF is the mean annual 7-day low flow. Halbifreference curves are given
in Appendix 3.
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4. Discussion

4.1

4.2

Flow requirementsfor the upper-Rangitaiki River

Flow requirements for fish habitat at Galatea aatively low (IMFR 8.7 ni¥s),
compared to the five-year low-flow (9.4 ni/s). The trout fishery in the Rangitaiki
River is regionally significant and so the recomudsh IMFR for this reach is
intended to provide a high level of protection. hFisabitat requirements further
downstream at Te Teko were reviewed, but unforeipahe data available proved
unsuitable for assessing the likelihood of fishitahn this reach having higher flow
requirements than Galatea. A habitat survey isefbez required in the lower
Rangitaiki River to determine habitat requiremeriikis should also look at flow
requirements to maintain water temperature (depboymof data loggers is
recommended).

Habitat preferences curves for rainbow trout in N&aland are lacking, particularly
for the pumice geology streams of the Volcanic d¢dlat There is a wide range of
habitat criteria available from North America, lhese are for fish smaller than can
be found in top trout fishing rivers such as thegteiki and Whirinaki. The habitat
criteria that were developed in New Zealand fogdatrout reflect habitat use in the
Tongariro River, which has cobble and boulder sabst(Jowett et al. 1996). In this
type of river you are unlikely to find trout ovearsd substrates because these are
associated with slow water areas that trout avoid¢ontrast the Rangitaiki and other
Volcanic Plateau streams often have fast-flowingaarwith fine gravel and sand
substrates, and this is where trout are often §eers. obs.). Therefore sandy areas
may be incorrectly classed as unsuitable habiteseRrations are also held over the
transferability of Tongariro preference criteriachase of the heavy fishing pressure
on the river that may have pushed the trout ingés [@referred fast flowing water (lan
Jowett pers. comm.). Consequently there is uncgytaiver their applicability to Bay
of Plenty rivers. The most appropriate habitatecidt available were selected for this
study, and by taking the average of the Bovee amdjdriro criteria the recommended
flow requirements are expected to provide a higkllef protection for large rainbow
trout. More research on rainbow trout habitat pexiees would provide more robust
results however.

IMFR for the Whirinaki River

As well as investigating flow requirements of thargitaiki River, the Whirinaki
River was also assessed. The Whirinaki is alsagmmally significant trout fishery,
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and the river requires flows in excess of thet@® achieve adequate protection of
habitat. Habitat is the critical issue for the Vuinaki River, as it is considered unlikely
that there would be any water quality issues réamihigher flows in this forested

catchment. The Whirinaki River flows into the Raagi River at Murupara, so any

allocation from the Whirinaki is further constraihby the flow requirements of the

Rangitaiki.
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Appendix | : Instream Management Objectives for Bay of Plenty
streams and methods for setting minimum flows

(Reprinted from Wilding 2002b)

Background

The environmental flows (or habitat) project wasigeby Environment Bay of Plenty
to provide a more defensible approach for watercation. The project looks at the
effects of abstraction on aquatic life both dingdtteduced habitat) and indirectly
(water quality, temperature). This appendix, repoedl from Environment Bay of
Plenty reports, only deals with one aspect of mimmflow determination —
interpreting habitat-flow response curves. Irrigatiabstractions are the main focus,
while issues associated with water impoundmentnateaddressed (flushing flows,
etc.).

Modelling techniques are used to address the halssate. The RHYHABSIM
programme models change in depth, velocity andtsatbswith flow and relates this
to habitat preferences of native fish and troutt Bwdoes not produce a minimum
flow. As a result, deriving a minimum flow figure subjective to the point were two
people working with the same data can produce tifierednt figures. The aim
therefore is to establish an objective approachderving minimum flows from
RHYHABSIM habitat modelling. Not only will this ebe a consistent environmental
outcome in setting minimum flows throughout thejgcb but also provide external
consultants with guidance for interpreting suctadatthe satisfaction of Environment
B-O-P.

Objectives and Options

The first step was to review legal planning objexti Relevant objectives in the
Proposed Regional Water and Land Plan are:

33. Water flows in streams and rivers are mainthione
a. Provide adequate protection for existing aguid¢ién the waterbody.
b. Maintain identified significant values of riveand streams.

c. Maintain water quality relative to the assimilaticapacity of the
water body.

d. Avoid or mitigate adverse effects on downstresmvironments.
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Part a) is directly relevant here (background is piolicy can be found in Appendix Il
of Wilding 2000). The MfE flow guidelines (1998)qwide guidance on developing
instream management objectives, pointing out tredre identify the values to be
protected as well as the level of protection. Ftbm above policy, values addressed
by this project are existing aquatic life and inre of level of protection we need to
define what is adequate. This will vary dependingtlee significance of the aquatic
ecosystem.

Features of a good instream management objeciiuadie:

 Retain adequate flow for ecosystem protection bas&d ecosystem
significance.

« Provide an objective approach so 2 people carhgetdme answer.

Options for instream management objectives include:
1. Habitat remains unchanged.
2. Allow a percent reduction in habitat.

3. Allow change based on individual reach assessmen leaving it open to
interpretation.

Allow change down to a region wide standard. Foaneple, a NIWA study for
Wellington and Taranaki Regional Councils suggesttting a minimum flow based
on the 85%ile of percent brown trout habitat frdme hational “100 Rivers” study,
(Jowett 1993a, 1993Db).

Option 1 will often prevent water being made ava#aand fails to recognise the
potential for improved habitat at lower flows. Allng an across-the-board reduction
in habitat provides a consistent environmental @ute (Option 2), but it is somewhat
clumsy because again it ignores the potential timige habitat at different flows.
Option 3 doesn't provide the necessary objectivaty] achieving consistency in case
by case negotiations may be difficult. Option die®lon a sentinel species that is
likely to have the highest flow requirements. Brotnout are not present in all Bay of
Plenty catchments and few native species with fi@h requirements are sufficiently
widespread. Also, standards based on the “100siv&@udy may set an unrealistic
expectation for the small pressure catchments, {rpagssure streams have flows <1
m’/s, cf. only 2 of the “100 rivers” had flow < 23s). It seems these more
straightforward approaches won’t produce the désiesult in many instances so a
more complex approach is recommended.
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Recommended Approach

1. Using the habitat flow response curve, identfyprimary flow for each
species. This is the flow where habitat is optinfgleatest), unless the
optimum exceeds the median flow (and is therefareeasonable). In the
latter case the MALF is used as the primary flow.

2. Multiply habitat at the primary flow by the prot®n level. Plot this point on
the flow response curve and read the minimum flomefich species of the X-
axis. The level of protection is scaled accordingetosystem significance.
Significance criteria are given in the last sectioh this appendix. For
example, habitat for Criteria 6 species can beaeduo 85% of that offered
by the primary flow, while habitat for the most mijcant species cannot be
reduced at all. (Note this percentage is a cham@@lbitat, which may or may
not equate to a similar drop in flow).

3. Having produced a minimum flow for each spegessent, the highest of
these is chosen as the minimum flow for the streaach. This is to ensure
adequate protection for the existing stream commne., all taxa).

Although relatively complex it is not a difficult@cess, and objectivity is achieved.

The minimum flow is based on the species with thghdst flow requirements. An
alternative approach offered by Jowett & Richard9d®94) for native fish
communities, is to set minimum flows at that pregdrby fish with intermediate flow
requirements (redfin bully or common bully), rath#ran fast water species
(torrentfish, bluegill bullies). While offering aompromise, Jowett & Richardson’s
approach will in some cases allow large reductionsabitat for fast water species,
and this does not ensure adequate protection éoextsting aquatic community. The
tendency for fast water species to prefer the edgmnt of flood flows is circumvented
here by not allowing the primary flow to exceed thedian flow.

The point of inflexion is sometimes advocated fetting minimum flows. The point
of inflexion is the point above which there isldéitincrease in habitat with flow — the
graph levels off, (the longfin and shortfin eel\@s in Figure 1 are good examples). A
point of inflexion does not always exist and, whigrdoes, can be influenced by the
scale used for the axes. Where a point of inflexdgists, the recommended approach
effectively recognises it because the flatter thvve the greater the flow reduction for
a percentage reduction of habitat.
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The basic principle of the recommended approatb identify the optimum (or best
available) flow and allow a reduction below thisigfhrecognises the significance of
the stream community. It recognises that naturalast flows are not always ideal,
and the risk associated with small reductions trithtis acceptable for more common
species. If one accepts this approach, the onlynrémr debate is in the protection
levels specified. One way to test the levels chasewith follow up monitoring, the
results of this feeding into consent reviews. Utifioately conclusions can only really
be certain if stream flows are drawn down to th@imum flow for an extended
period. Baseline data would need to be collectereeabstractions begin. This
approach will tell us if too much water was all@zht However, determining if
minimum flows are too conservative would rely otunal low flows falling below the
set minimum for an extended period. Even then fidssible any effect would be a
consequence of lack of floods rather than reduloedsfper se.

Other Considerations

When estimating stream flows, this should be coeckéor existing takes (municipal,
industrial, irrigation). This necessitates measyrifftows when water is not being
abstracted or measuring the abstracted flow armméciimg accordingly. There is some
argument for not correcting for permitted domestkes (< 15 riday).

Significance criteria and allowable habitat reductions

Significance criteria were established to scaleldlvel of protection (Table 1). The
100% protection level (Criteria 1) is only affordidthe most threatened species. Any
reduction in habitat is unacceptable because #keofiirreversible population decline
(i.e., extinction) is too high. The 85% level (@rit 6) is intended to provide adequate
protection for relatively widespread species. Imiediate criteria are protected
accordingly.

Significant recreational trout fisheries are affedda relatively high level because their
value lies in the abundance of fish, a factor diyeaffected by habitat. While less

fished trout populations are afforded the 85% mtide level, populations that

support negligible fishing are given the least gctibn (15%). This is because trout
were introduced to New Zealand principally to pdwvia recreational fishery. The
15% level is specified to reduce the chance ofKilis.

The 90% level afforded to diverse communities mflehe non-threatened status of
the taxa it applies to, (any threatened taxa avereal by the more protective criteria),
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and the desire to maintain an assemblage of spebies more species present the
more likely one will have relatively high flow reigjements. Although not presented
in the table, appropriate food producing habitatthese species should be given the
same level of protection.

No rules are set for deciding if the community esants a diverse assemblage
(Criteria 4). Streams closer to the sea generaletigher diversity and so an inland
stream with only a few taxa may still representlatively diverse community given
the streams potential.

In some cases Crans bully should be given a Grit2rprotection level. As a non-
diadromous species, recruitment success is morendept on a suitable instream
environment. By contrast, local extinction of inanfjom a stream would be more
reversible with whitebait migrations from the ski&kewise if a population of Crans
bully was lost from a tributary, the species coeventually re-establish itself from the
main river or lake. However, if abstraction affettthe majority of the reproducing
population in a catchment then Criteria 2 protecsbould be given. This is not stated
as separate criteria because only one non-diadmmative species is present in the
Bay of Plenty (that is not already given a highestgction level), and Crans bully is
mostly confined to the East Cape streams whereaalisin pressure is low.

Some may argue depauperate streams should be ajil@mer protection level. If a
stream is proven to be depauperate it seems unltkelt in-depth RHYHABSIM
assessments would be justified. Factors otherftBarhabitat may become the critical
factor determining flow requirements (see MfE 1998).
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Significance criteria and protection levels.

Significance Criteria Protection level

(percentage of
primary habitat)

DoC priority A & B species’.

) ) 100%
Short-jawed kokopu; giant kokopu
DoC priority C species & regionally threatened species. 959%

0

Banded kokopu; koaro; black mudfish; dwarf galaxias®
Regionally significant trout fisheries plus habitat on which these
fisheries depend for spawning and rearing. 95%
Brown trout; rainbow trout; etc.
Diverse native fish communities.
Fish community featuring a significantly high number of native 920%
species. Constituent species are individually given this protection
level, unless afforded higher protection by Crit. 1-3.
Unfished trout populations. 70%
Other. 85%

Worked Example

A change in available habitat, be it up or downaigely unavoidable if we want to
make any water available for abstraction (see Eidyr So where possible we want to
optimise habitat available in the stream. For tlahawai Stream, optimum habitat
occurs at approximately 13 L/sec for banded kok@figure 1). In some cases it is
unreasonable to expect optimum conditions. For @i@noptimal habitat for longfin
eel occurs at more than twice the median flowhls tase we set the primary flow at
the MALF.

This provides a starting point for each specieshi@&). We then need to set a
protection level that recognises ecosystem signifie. Because the Tahawai Stream
supports a high number of species we set the tdvalotection at 90% for all native
species except banded kokopu, which fall into @&te (95%). A minimum flow is
produced for each species and we adopt the hifjlgest to ensure the ecosystem is
sustained. In this case inanga have the highestréquirement, so the recommended

" Molloy & Davis, 1994.

2 pwarf galaxias is classed as regionally threatened. The only records of this species in the Bay of Plenty
are from a few streams on the Galatea Plains (an area of high abstraction pressure). These records, until
recently represented the northern limit of the species.
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minimum flow for Tahawai would be set at 26 L/s.iSThs termed the IMFR,
(instream minimum flow requirement). Allocable flois based on ©Qminus the
IMFR, so with a Q of 23 L/s no water is available for abstractiod-g6=-3 L/s).
Note that reducing the minimum flow for shortfin é@m 14 L/s, down to the point
of inflexion at 11 L/s, would make no difference ttee IMFR, which is based on
inanga for this stream.

Table 2: Tahawai Stream minimum flow evaluation. The primastted usable area (Primary
WUA, m%m) is derived from Figure 1 using the recommenalenroach. This value is
multiplied by the protection level (see last sattiand a minimum flow is derived.

Primary WUA WUA x prot. level Corresponding minimum
flow (L/s)
Inanga 0.29 0.26 26
Torrentfish 0.11 0.095 24
Redfin bully 0.86 0.77 19
Longfin eel 1.04 0.93 14
Shortfin eel 0.73 0.66 13
Banded kokopu 0.18 0.17 8
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Tahawai left: Instream habitat
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illustrated. Note, this is presented as an examplg, as taxa and basefv estimates were altered to illustrate

method.
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Appendix 2 Survey dates and recorded flows

Dates of habitat surveys and calibration gaugingseh site. Flows are given irf/s

Date Rangitaiki Whirinaki

31-1-2003 5.895
4-2-2003 23.22

(omitted)
11-2-2003 4.542

(survey)

8-4-2003 25.01
13-5-2003 4.014
19-5-2003 15.16

(survey)
6-8-2003 6.861
12-9-2003 34.91
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Appendix 3:

Suitability

Suitability

Suitability

Taihoro Nukurangi

Habitat preference curves
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Rainbow trout adult (Tongariro)
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Rainbow trout adult (30-40cm) feeding (Bovee pers. comm.)
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Rainbow trout spawning (Tongariro)
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Brown trout adult (Hayes & Jowett 1994)
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Brown trout fry to 15cm (Raleigh et al. 1984)
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