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Executive summary

Background ad purpose

The Wairoa River and its tributaries in the Hawl&ay region are used for mahinga kai, and are of

ZIPZ po3u®E o A op (}JE 3Z 1Al VvV Z %o» Ul B} X3 }5A Et [XEFI S Zv (]2
and general health of the river is from sedimentenng the water. The Our Land and Wa&sience

Challenge hecommissioned several investigations related to tis#s of sediment for fish in the

Wairoa catchment, with most emphasis on the loweaches of the river. This report summarises

and synthesiseseveral threads of scientific information relatemthe risks of sediment for fish in

the catchment.

Components of the investigations
The threads of scientific information were:

f Summarising current sediment related water quaétyributes, both from
observations and nationalcale predictive models.

f Summarising observations of freshwater species tiaate been identified in the
Wairoa catchment from past scientific fish surveys.

f Developing facsheets for each species summarising informatiornhair sensitivity to
sediment considering factors such as life cycle fandl sources.

f A coring study to examine sedimentation rates aed ltexture in the lower river.

f Examination of river characteristics by a spedigi&omorphologist®rof.lan Fuller,
Massey University) to interpret what the river mhagve been like before land
clearance, especially in relation to the amoungodvelon the riverbed. That work is
reported elsewhere but summarised here.

f Development of an erosion model to investigate fitichanges in sediment loading
under climate change and erosion control measueesl the implications for water
visual clarity This was a separate study by Manaaki Whenua laaadResearch, which
is summarised here.

f Evaluation by a fish scientist of thenefits of erosion control for fish populations.

f Preliminary assessment of changes in bank elevati@mhsediment concentration
following Cyclone Gabrielle.

f Rapid field survey by a fish scientist from NIWAravide specialist advice on the risks
and potential for recovery of fish habitat andv v $pawning locations following large
storm in 2022 and Cyclone Gabrielle in 2023, cempinting knowledge of local
scientists.

Keyfindings
Past surveys of fish presence show that:

f Whitebaitv § ¢ u%o0 ¢ 0}A &E « ES}Av (}puv u}+*30E o¥ P U AZ] .
SUE ] }v ]8]}veU 08Z}uPZ If B4 AUEE}o*dp CliwAXv]o
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f Banded kkopu Galaxias fasciatysvere foundonly rarely they tend to prefer small
tributaries with good vegetation cover but are nmdmmon in whitebait catches in
Hawke’s Bay.

f Eels were found throughout the river network ap&dm upstream of the
Waikaemoana.

f Torrentfish were found occasionally in the middéaches; they prefer fagtowing
conditions that could occur in the middle reaches

Surveys in 1995 of fish abundance at 6 sites imtiddle reaches of theatchment show that eels
V Juu}v HOOC A E % E * v3 5 uU}eS ¢]3 8 AP Z]PD W]3EIU «
there were occasional torrentfish.

General knowledge of fish sensitivity to sedimeag ¢aptured in the fact sheets) along with

observations of the Wairoa and sigpecific knowledge were used to assess the sentyiti¥ species

of interest to sedimentin the Wairoa catchment. Sediment may occur inweter column

(suspended sediment) or on the river bed (deposiediment), when referring genieally to either

of thesg we use the term ‘sedin#’. If /3 A « }v op §Z 8§ v lf1}%u @& o]l oC S8} «
affected by sediment in the lower river. Indeedethwere not observed in the NZFRDe{v Zealand

Freshwater Fish Database) apart from one site), theg are rare in whitebait catches in the Wairoa.

K faro are likely to be harmed by sediment in the Wairnot so much because of suspended

* Ju vsU upus He }( %0}e]S ¢ Ju vS = UDSS@GoE ¢ XES5M WP & 0]l of
be harmed by sediment in the Wairoa due to depadisediment affecting spawning habitat. While

shortjaw kfkopu are potentially affected by sediment, they aegionally sparse; limited by supply of

recruits, rather than sediment levels, is likely® the most important factor limiting their

abundance in the Wairoa catchmemhbngfin eels are insensitive to suspended sedinbemprefer

stony substrateTherefore, if the substrate becomes finérey could be impacted. Longfin eelere
thereforeassessed to hA u Juu 3} o}A ¢ ve]3]A]SC 8} ¢+ Ju v3 }A & ooX '] v§ |
founder, kahawai and shortfin eels were assesselaee low sensitivity tauspendedaediment in

the Wairoa catchmentThese species were found to have {s@nsitivityin the midcatchment to the

effects ofCyclone Gabrielle. Yellesyed mullet and grey mullet may benefit from ther@nt

sediment levels.

Comparison of observed mediaisual clarityat 8 sites against NOF criteria show that 6 ofghes
havevisual clarityéss than the bottom line. One of these sites ismtba estuary mouth where
greater turbidity is expected, so the grading i¢ relevant at that site, and leaving 5 sites th&ieal
improvements irvisual clarityto reach the bottom lineAccording to the NOF descriptor of the
grading band, for sites below the bottom lingnere is expectedo be a ligh impact of suspended
sediment oninstream biota ecologicalcommunities are significantly alterednd sensitive fiskvill
belost or at high risk of being lostleasuredvisual clarityis less than the value expected for pre
human land use (reference conditions) at most sitesr the 5 sites currently below the bottom line,
the reduction of suspended sediment to get the sitato the C ban¢equalling the bottom ling
ranged from a factor of 1.67 to 4.1 (40% to 76%uibn).

rtaua/yelloweyed mulletkanaegrey mullet; tunageparated intcshortfin eel and longfin eel); giant
[f1}%uV «Z}YESi A 1} }%puV  §]1] UfBPoIVo%ol (0}puv EV | Z A JU cv VP V
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Bed sediment adjacent to Wairoa is m{b3 microngliameter) andvery fine orfine sand(63-250
microns) based on analysis of sediment sampl@swnstream of Frasertown there is generally soft
fine sediment with some papa sills (ledges madsadf mudstone or sandston@nd occasional
gravel(based on probing of the bed with a palé) the Wairoa River upstream of the Frasertown,
there is increasing gravel and bedrock, associatil steeper river slopes and higher velocities
(based on probing and vialiobservations of bed morphologylhe lower sections of the tributaries
are predominantly coarse (less than 15% sedimeasell on visual assessment of bed texture) in
1995, but post Cyclone Gabrielle had significalatiger fractions of fine deposited sediment.

A brief and provisional river geomorphology assemsinm the lower river downstream of Marumaru
(conducted before Cyclone Gabrielle, by Profesmouller under separate funding) suggested that
the Wairoa River had a gravel (or bedrock) bed desvAwamate until about 3000 years ago, but it
was unclear whether it was gravieéd before widespread land cover change around yi€4Ys ago.
There was no evidence that the river downstreaniofamate had a gravel bed. We conclude that
the lower river (downstreanof Awamate) is most likely naturally sdifottomed. Further work would
need to be done to establish the natural state bétbed in the rest of the lower river between
Marumaru and Awamate.

Cores (0.6 m deepake fromthe Ngamotu Lagoon near the river mouthdlayers of mud and fine
sand, with indications of large pulses of depositi8ediment accumulation rates were not able to be
established from these cordsom radioisotope datalue to the blocky nature of the sediment

profile. Lowconcentrationof the fallout radionuclidecaesiuml37indicate that the bulk of the
deposition was fronsub-surface surfacsources. The core study was not successful in éstabg
increases in deposition rates following land clesn@, nor changes in sediment texture. This aspect
of the work was discontinued. We also assessed tihatte were not suitable river locations (such as
low terraces) to conduct useful shallow coring sasd

Erosion modelling (by Manaaki Whenua, funded sefedyaindicated that beseffort erosion
controls in the catchment would reduce sedimentdda the coast by 60%. This would mean that
the three out of the 5 sites (out of total of 6 &# overall) woulanove from havingisual clarity
worse that the bottom line to better than the botto line. Climate change will increase sediment
loads, so that an additional site would remain belthe bottom line after erosioftontrols.

Erosion controls are likely to have significant licgtions for fish in the Wairoa River. The

improvement invisual clarityfrom erosion control would improve conditions fdre fish community,

especiallyfor v [f1}% uX o]l oC E u S]tvulvs % }ul% vE]JVP &E}e]}v
}Jv3§E}oe A}po Z A v (13 (}E <f %E6p 0 Goialidhi®FAadwéees and

*% AV]VvP Z 18 38X /8 Aluo Jv E + 3Z Z I}%$ Y ESuplky Bt ESi A If

increase population because therdE v}S & &u]S*X 5v vP & o]l oC 8} v (] u

of sediment smothering spawning sites in the tigdfifluence river reaches. The reductions may

increase the extent of stony substrate preferreddmjult longfin eels, thereby improvingeir

numbers.

Based on limited routine monthly sampling followitg storms irMarch2022 and Cyclone
Gabrielle inFebruary2023 it was determined that the storm&yclonedid not increase the
suspended sediment concentration for a given flathough this is a tentative finding based on
limited data.Fish survey sites in the m@tchment inspected after Cyclone Gabrielle in Seyiier
did not have patrticularly high turbidity, based caisual observation.

Implications of sediment for fish in the lower WadrRiver, Hawke's Bay 11



Based on preliminary analysis of LIDAR elevatioa @ad inspection of fish survey sit€yclone
Gabrielle resulted in erosion of stream banks, remalmf riparian vegetation, and streabed
disturbance. Comparison between 1995 data and f@sabrielle surveyat 6stream habitat
measuremensites showeda) degradation of habitat at all sites and b) irages in deposited fine
sediment at 4 sites, making them likely to be belin bottom line for deposited fine sediment.

Ive%o 3]1}v }( 3A} IVIAv cv VP +% Av]vP «]5ZneZijeknaffe@tedmpechby] s
the Cyclone, while the other had major and ongamgacts.

These impacts on habitat have implications for fifhe loss of instream cover and overhanging

AP § 3]}v Aloo (( 8 *uEA]A o0 }( XA Mo Elvy P Scv APoo E }A E (
but full re-establishment of cover will take yeatsels are likely to have been affected by loss of

habitat and food sources. Recovery of eels isylikefollow a slow successional process. Smelt are

likely to recover rapidly. Torrentfish recoveryviépend on exposure of coarse substrate, recovery

of food sources, and the supply of recruits from otlwatchmens.

5v VP % Av]vP Z ]88 §3Z A3 E +3E & °+]35CUAD}Z A B]}Ho(U
could be improved by management of fencing and Is#ahd vegetation. Recovery of the Huramua

Stream site, which was heavily impacted couldafiitibe hastenedby planting of grass, but it will

take some time for the riparian vegetation to maguand provide full protection for eggs. Artificial
spawning habitats could be introduced.

12 Implications of sediment for fish in the lower WadrRiver, Hawke's Bay



1 Introduction

This report summarises several threadscientific information related to the risks cédiment for
fish in the loweWairoaRiver in Hawke’s Bay. The Wairoa River and itatailes areused for
mahinga kaiand areof high cultural value for the iwiand %.» }( d Z}Z } dThe delivgryX
of fine sediment into the river is an important gat to freshwater fishand generativer health.

The Wairoa Tripartittand the Our Land and Water Science Challdvaye formed a partnership to
jointly guide the direction and delivery of a projdocused on understanding cultural values related
to the river, the impact of sediment on these vag and implications of land use for erosion and
sedimentrelated aspects of fish healtfihis report forms part of that larger project.

Investigations by iwi researchefGalvan and Kawana 2021irder this funding umbrellaentified
that many aspects of mahinga kai in the lower riware been affected by sediment, including
effects on the diversity and abundancernfhinga kai specie¥hey identified severalpecies of
particular interestin the lower rive. The species of interest weratér interpreted as: aua/yellow
C upoo SV Iv IPE C upoo 8V Suv ~« % @}8P(]JvS}oexy@®3 (V8 |fd}%opV
¢ Z}YESi A 1}1}%pV v 1 f1}%uV % @ JhwlzBVul @ A JU cv vP V If E}

This report examines sevethreadsof scientific information on how sediment affect thespecies
including:

f Summarising current sediment related water quaétiributes, (suspended sediment
concentration, visual clarity, bed sediment textuesad bed cover of fine sediment)
both from observations and nationaktale predictive models

f Summarisingrevious fish surveiynformation from the Wairoa catchment

f Developing facsheets for each specieghich summaris¢heir sensitivity tosediment,
consideringactors such as life cycle and food sources

f A coring study to examine sedimentation rates aed lexture in the lower river

f Examination of river characteristics by a spedigéomorphologist®rof.lan Fuller,
Massey University) to interpret what the river mhasve been likdefore land
clearance, especially in relatiom the amount of gravebn the riverbed. Thswork is
reported elsewhere but summarised here.

f Development of an erosion model to investigate fitichanges in sediment loading
under climate change and erosion control measuaesl the implications fovisual
clarity. This was a separate study ldanaaki Whenua Landcare Research (MWIZR)
et al. (2023) which is summarised here.

f Evaluation by a fish scientist of the benefadreshwater fishof catchmentscale
erosion control

2dZ dE]% ES3]S ]* 83Z t JE} ]3E] S }uv Jold f+38 CEZFPY d }UEJoN
The relevant project in Our Land and Water is thieifihiti Ora project on landise suitability.

Implications of sediment for fish in the lower WadrRiver, Hawke's Bay 13



f Preliminary assessment of changes in balelkvationsand suspended sediment
concentration following Cyclone Gabrielle

f Rapid field survey byIWAfish scientist to provide specialist advice on theks and
potential for recovery of fish habitat and v v $pawning locations following large
storm in 2022 and Cyclone Gabirielle in 2023, complating knowledge of local
scientists.

Overarching questions are

f What do we think the river was like before land demnent (the reference
condition), which coul@hform restoration target8

f How much are the valued fish affected by sedinfent

f What arethe restoration prospects in relation to sediment efts, including
consideration of climate chan@e

This report presents or summarises each of theseals of informationand summarise key points
in the Executive Summary.

14 Implications of sediment for fish in the lower WadrRiver, Hawke's Bay



2 Impacts of sediment oselectedfish species

This section addresses the impacts of sedimeniginfbr the current longerm sediment
conditions prior to the recent large stormghe effects of Cyclone Gabrielle are address&krtion
7.3, and recovery prospects following erosion contrate discussed in Secti@nThis section draws
on supporting information later in the report, bittpresented first due to th@rimary interest on
fish species in the catchment.

2.1 Fishobservedin the riverfrom sampling surveys

This aspect of the work summarised existing infaioraon fish distributions in the Wairoa River and
its tributaries. This gives general indication of where different species htige found.

The New Zealand Freshwater Fish Database (NZFBDueaed(for the period g to December
2021)for information on fish species observed in the Ydaicatchment The database collates
observations of fish species, along with other mfation such as bed texturdlanyobservations do
not count fish, andraryingfish sampling methodare used. A lack dish observationsloes not
necessarily mean that the speci@ges notexist at the siteratherit may not have been found with
the sampling method used-here are other complications such as fish spendiffgrent parts of
their life cycle in different parts of the riverstgm.Due to limited nature of the obsertians, the
observed distribution of species should be integiak cautiouslyMany of the records were from
decades ag@67% before 1997nd current fish distributions (before Cyclone Gabmay be
different from those recorded in database

Maps of the observatiogare show irFigure2-1and Figure2-2. P tiki mohoadblackflounderand
bluegill bully are notincludedbecauséahe observationsn the NZFFivere deemed unreliabldvery
few observations and questionable locations).

It is noteworthy that he eightsurveys in théower Wairoa Rivebelow Frasertownusedwhitebait
netsfor sampling which are not likelyo catchsomespecies such aulteels. In contrast, the four
surveysn the lowerWaiauRiverarea(entering on the right bank at Frasertown) used #liedishing
and so found a wider range of spegissch as eels.

Of thefive galaxiidvhitebait speciesc v v F5alaxias maculatysare found in the lower river.
Banaga aranot very sensitive teuspended sedimentut they arepoor climbers hence they do not
migrate far upstreamin contrast,| f ®&Galaxias brevipinnjsre found in the upper catchment
(and some lakess they prefer relatively coarse substrated are good climbersK faroare also
observed in the lower catchmemthile migratingas juveniles. Bandedfkopu(Galaxias fasciatys
wererarelyfound; they tend to prefer small tributaries wittogd vegetation cover. Bandedfkopu
are not common in whitebait catches in Hawke's Bampared to nearby region&.g., Bay of
Plenty; Yungnickel et al. 2020)orrentfish(Cheimarrichthys fostériend to occur in fasteflowing
cleansubstrateareas whichmight be found in the mid reaches of the Wairoaatahent.Longfin
eels(Anguilla dieffenbachiiand shortfineels(Anguilla australisare found in the mid and upper
reaches. Longfin egprefer cleaner substrate, whidemore prevalent in the upper catchment,
whereas shortfin ealtolerate muddy substates more. Neither species wirend in the lowemmost
reachesput that finding reflects the sampling nfeds. Common bullyGobiomorphus cotidianjis
were found throughout the catchment. Redfin bu{iyobiomorphus huttopiare rarely found in
unstable, gravellpr sandystreams preferring rapid flowing bouldery streams, whickeanore
prevalentin the upper Wairoa catchmenk fura (Paranephrops planifrongccurthroughout the
catchment but mainly in the mid catchmenBrowntrout (Salmo truttg and rainbowtrout

Implications of sediment for fish in the lower WadrRiver, Hawke's Bay 15



(Oncorhynchus mykisare more common ithe mid and upper reaches of the drainage network.
Lamprey(Geotria australiswere not observed in the catchme(dpart from one questionable
observation) although they are knowto be difficult to find.

Tnanga

Banded Kdkopu

N Legend

© Observed
A ® Mot Observed

Legend
@ Observed
® Mot Observed

Torrentfish

Koaro N Legend
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-

Legend
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— —
0 5 10 20 Km

N Longfin Eel

A Legend
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— S—
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Figure2-1: Distribution of fish from NZFF{urther species in the next figure).
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Figure2-2: Distribution of fish species from the NZFFD rtaer species are shown in the previstigure.

Sampling of fish abundance was conducted in 199%5xasites in the mitVairoacatchment(which

are also sites on the NZFFD presence/absence mbps)sites are discussed in the context of

changes following Cyclone Gabrielle in Secti@l, with data inTable7-2 They show variation of

*% ] ¢+ @El}ee ¢]5 U AJEZ o0+ 3V E0oGG wed]|g3UUlauwP ucdol 13 « ~}
with high density), and occasional torrentfish.

dZ @ & 3A} IV}Av cv VP <% Av]vP o} 3]}vaipurerZ8) (allitBygh 3 Zu
other spawningsites may exi3t
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Distributions of selected specidi®m nationalmodels(accessed through NZiverMaps®) are shown

in Figure2-3. The models are specific to results from eledtshing from theNZFFD andse a wide
range of predictor variables including climate, hgldgical, positional (e.g., distance from coast,
elevation), geology, and stream characteristicef(s| predicted bed sediment composition) and land
cover. They do not consider erosion rat@svisual clarity

Themodels predict:
f ahigh presence ot v v iR the lower catchment
f alow presence of bandedlf 1} % pn v If €} SZE}uPZ}ysdndz § Zu v§
f presence ofongfin eel in the mid catchment, and shortfin éekthe lower catchment

dZ % & ] §]}ve E }ve]ed v3 AFSZv}wP@A 3j}v-el}idbroadlterms for
eels. The predictions arat odds with observations in some cas&f gre not predicted to be
present, buthave been observeih the catchment, especially in upper reaches aiun
Waikaremoana As noted earlier, the lack of observations of arlthe lower-most river are due to
limitations of the sampling methodised there.

3sNZ River Maps (niwa.co.nz)
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Figure2-3: Predicted distribution of presence/absence for seled fish species from national fish
distribution models obtained from NZ River Map®ote that the colour scale reverses between plots.
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2.2 Fact sheets osediment impacts on selected fish species

Information on the sensitivity of fish to suspendadd depositedsedimentas gathered and
summarised in factheets for 11fishspecies of interegisee Galvan and Kawana 2021; Tablg ia
the lower Wairoa River (as well sl Zfreshwater mussels). The sheet®re targeted ata general
(rather than a scientific or academmudience, ancre designedo be used in any catchment.
Application to the Wairoa River is presented intlbec2.3.

For each species, a general introductmovidesa commentary orthe area where the speciexcur,
the fishlife cycle and food sourcélkese can be relevant to the effects of sedimerteBffects of
sediment were then considered in terms of hewspended and depositesedimentaffects habitat,
behaviour, feedinggrowth, and survival Citations to scientific papers or reports wer@pded

where they are availableExpert opinion was used in some cases, and key linddion gaps were
noted. An overall assessment of the sensitivitgediment was provided in terms of a ‘dial’ of
sensitivity, along with a brief key reason for tensitivity gradingThe overall sensitivity information
is collated inTable2-1 An example of the tofrevel summary is shown Figure2-4.

Table2-1:  Overall summary of sensitity of 11 fish species to sedimenD } @3meisfollowed by
common name.

Speciesiame Sensitivity Why
Banded Kkopu Top of high band Avoidance and reduced feeding
K faro Middle of medium band Avoidance, and reduced habitat suitability and
growth
Banga Middle of medium band Reduced feeding anhbitat suitability
Shortjaw kfkopu Middle of medium band Reduced habitat suitability, but not visual
feeders
Tuna/longfin eel Top of low band Reduced habitat suability
Giant kjfkopu Middle of lowband Avoidance and reduced feeding
o i Reduced habitat suitability,
P tiki mohoao/black flounder Middle of low band .
feeding and growth
Kahawai Middle of low band Mobile, pelagic predators
Tuna/shortfin eel Middle of low band Few, if any, negativeffects on habitat
suitability, feeding or growth
Aualyelloweyed mullet Middle of low band Adapted to turbid water
Kanae/grey mullet Middle of low band Depend on fine sediment for éeling

4The fact sheets can be obtained online frattps://niwa.co.nz/sedimenimpacts
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Tuna longfin eel sensitivity to elevated sediment

®
I 4 Y

Why? Reduced habitat suitability.

B Low Medium [l High

Figure2-4: An example of the summary pictoriadlial’ of fish sensitivity to sediment, in this case for
tuna/longfin eel.

2.3 Implications of sediment for fish species in thevéy Wairoa River

For thell fish species of intere§table2-1), the current levels of suspended and deposited
sedimentin the lower Wairoa River are likdly be causing harm to four species, having little effect
on five species and perhaps enhancing key habitatsvo speciesTable2-2). For thell fish
species of interestthe impact of degradedisual clarityassessetlurther in Sectiors.

Table2-2:  Likely consequences of current sediment levels imWda River on the ecology of 11 fish
species.

Species name Harmful Some harm Neutral Some help

Banded kkopu 9
K faro
Banga

Shortjaw kfkopu

© © ©o ©

Tuna/longfin eel
Giant kjfkopu
P tiki mohoao/black flounder

Kahawai

© © ©O© O ©

Tuna/shortfin eel
Aualyelloweyed mullet 9

Kanae/grey mullet 9

% [fl1}%pnu & o]l oC §} « A E oC 6 ¥ » Qu pETm $X otAE} Z]A E
because of impacts throughout their life historycréss the North Island, bandedfopu are much
less common in turbid rivers than in clear stregifRswe et al. 2009nd have rarely been observed
in the Wairoa River catchmerfigure2-1+ X v [f1}%  Ju% E]e A EC 0}A % E} %} C
the whitebait catch in the lower reaches of the \WW Rive(Yungnickel 2014nd in Hawke’s Bay
(1%; Yungnickel etal. 2020) dZ ( A v lf1}%pu AZ]E 15 v8 EJvP 8Z t |E} Z]/
deterred by the turbid wate(Boubée et al. 1997B v | f |1} %aigrate slowlyRichardson, J. et
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al. 2001) thereforefewer juveniles will reach adult habitat in sm&lguldery, forested tributaries
(Rowe and Smith 2003; West et al. 2005; Crichtoal.€2023) Low recruitment of juveniles into
HoS Z ]88 Z ¢ }u%}uv JVP }ve oudy}ve B} @ Fbo\ Profiu v S Me
whitebait are attracted to watelorne odours released by adults of the same spe{@e&er, C. F.
and Montgomery 2001)Additionally, moderate turbidity disturbs the adiction of banded kkopu
whitebait to water containing the odour of adul(Baker, C. F. 20Q3j is likely that the Wairoa

v o LfI}

§ Zu VS *u% %} ESe *u 00U E uv V3 %}% pua STEVe]d o & (EN)%pASZ

recruits (whitebait) by the turbid nature of thewer catchment.

Three fish species are likely to be moderately @#d by current sediment levels the Wairoa River
because of impacts on at least one life stage:

f <f @}z A v}e EA 3ZE}uPZus vdgureZIEWith many
records from higher elevation streams and tribuéariof Lake Waikaremoana. It is
likely that at least some of these records are ofsliadromous individuals from lake

limited populationgRowe et al. 20028 dZ % @& « v }( If E} o}A & v §Z
(Figure2-1« & JV(}E =+ } « EA 3]}ve SZ S If E} %% IE E o 5]A oC

increases in suspended sediméRbwe and Dean 1998hd that their occurrence is
not related to the duration of turbid condition&®owe et al. 2000However, the

Z 1858 v ( JvP }( poSIf B} E epe %%[}dS S}e]Vv]UEVSXe Vv

nosd If E} o]A v (habifars with@rper substrate particles and more
interstitial (between substrate particles) refugeases than elsewhere in the reach
(McEwan 2009; McEwan and Joy 204d@posited sediments will reduce the amount
of interstitial space available in streams and @pepulation declin€Richardson, J.
and Jowett 2002X <f E} E % E} pu S]A ey e u C o0} ((
e Juvs eu}S3Z EJVP PE A0 VvV } 0 *u t§EZBE }Vf-EEB
are deposited/develop (O'Connor and Koehn 1998bhédie and Caskey 2000;
Charteris 2002)

f 5vvP Z A v }e EA §ZE}MWriZdgucatéhmentRiguré?-1) and
itA vl]o cv vP Ju]v § 8Z AZ]3 135 & (87 Pp%3Angnijke}
2017)and Hawke's Baf98.1%; Yungnickel et al. 2020)5v vP & Z]PZoC
on sight for feedingCadwallader 1975; McDowall 199But adult(Rowe et al. 2002b)
and juvenilglRowe and Dean 1998)eding is not reduced until suspended sediment
reachesvery high levels (>160 N'Bduivalent toapproximately< 0.1 mvisual clarity).
The nanga population in the Wairoa catchment is madsely to be affected by
deposited sediment smothering their veliynited spawning habitat in the tidal reach
of the river(Hickford and Schiel 2011d)he groundevel micrehabitat that suitable
riparian vegetation provides is prone to clogginghvsediment. Any reduction in the
temperature/humidity/UVB protection that this mictbabitat provides will
*]Pv](] v30C GE p cv yHickfoRIRind SaRiAI]201tb)

f "ZYESi A Ifl}%pu Z A v} v}se EAS 2u 8 v |EB .
from large areas of the east cogdiicDowall 199Q)Their juvenile stage comprises
<0.01% of the whitebait catch nationally and theavh only been identified genetically
in whitebait catches from the Bay of Plenty, Byllmdsouth Westland Shortjaw
lfl1}%pu E u}E HV VS Jv «SE u E Z (eobblészanal E P

5 https://environment.govt.nz/assets/publications/Es/technicalreport-2-comparisonrof-clarity-and-turbidity-bottom-lines.pdf
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boulders; McEwan and Joy 20Dt)plentiful instream debri§Goodman 2002)The
debris and interstitial spaces between substratetigées provide refuge spaces during
§Z CU U «Z}ESi A Ifl}%pu }(3 v ulA  IMcEngGoandJoy
2014) Current levels of deposited sediment in the Waioaachment may have
reducedthe availability of theseefuge spacewith negative effects omany resident
«Z}YESi A |Suddyof recruits, rather than sediment levéddikely to be the

most important factor limiting their abundance ihg Wairoa catchment.

The low(or low-moderate in the case of longfin eansitivity to sedimentTable2-1) of five
resident fish species suggests they are unaffebiedurrent sediment levels in the Wairoa River:

f Longfin eed appear to be insensitive to increased suspendedrsedt concentration
in rivers(Rowe et al. 2000Longfin eels migrate into very turbid watédellyman and
Lambert 2003) Longfin elvers do not avoid even extreme turtyidBoubée et al.
1997)and may even be attracted to turbid tributari€Schicker et al. 1990Adult
longfin eels mainly use a combination of smell,douand taste to fee@Carton and
Montgomery 2003and can feed actively in turbid conditiofkllyman 1989)The
preferred stony substrate habitdGlova, G. J. et al. 199)d prey(Jellyman 198%)f
longfin eel in the upper Waiau CatchmehRtqure2-1) is unlikely to be affected by
deposited sediment. Longfin esave been observed in most of the Waildser
network, whichcovers a range of sediment conditiofairthermore while longfin eels
have relatively small home ranges they are capablmakingextensive movements to
occupy more beneficial habitélellyman and Sykes 200Bjowever, they could be
vulnerable to siltation of stream beds in the mi@chment (Sectio®.3.1), so they
have been allocated a mixture of low and moderaastivity caegories.

S v]Pz

f '1v8 Ifl}%pu Z A v}$§ v}e EA Jv3SZ t]ERI [«8 [uXVvSE }E ]v

However, it appears unlikely that sediment levelshie Wairoa River would negatively
Ju%e 3 P] v3 Ifl}% uX dZ C & (BBnnet@End lakhbéert 20@hat do
not rely heavily on sight for feedirfiylcDowall 1997%o0 it is unlikely they will be

affected by increased suspended sediment. Furtheens %0 % @&+ SZ § P] vS |f1}%:

may prefer areas with finer substrates, althouglke #issociation with smaller substrate
size mayjustreflect their strong preference for low water veibc(Bonnett et al.

2002) Supply of recruits, rather than sediment levédjkely to be the most

important factor limiting their abundance in the \iWea catchment.

f Black flounder are common in the lower Wairoa Rived in Hawke's Bay. They are
very abundant in highly turbid areas throughout NéealandHardy 1989here they
feed, grow and survive at similar rates to elsewsh@orman 1960; Glova, G. J. and
Sagar 2000Black floundeare mobilepredatorsand are equally abundant over a
broad range of substrate types (e.g., soft claydmnand sand) in heavilgedimented
areas(Glova, G. J. and Sagar 2000)

f Kahawai are found throughout New Zealand and feegmall fishes, benthic
crustaceans and molluscs in estuaries and at riveuthsyearround (Baker, A. N.
1971; Kilner and Akroyd 1978 ahawai are visual predatgffglorgan and Ritz 1983)
so turbid water may reduce their ability to schawid their feeding effectiveness
(Foster et al. 2001 However, kahawai show the ability to switch t@yping on benthic
organisms when feeding alone near river mouiRebertson 1982)t is unlikely that
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deposited sediment will directly impact the coashabitatsof kahawaj juveniles are
already uncommon iturbid, upperestuary areagLowe 2013)

Shortfin eesare common in the lower Wairoa catchmeRigure2-1) and are found
throughout New Zealand in lowland rivers, lakestlamds, and estuaries. Shortfin eels
are well adapted to cope with, or to avoid, theetit toxic effects of suspended
sediment(Hayes et al. 1992Jhe biomass of smalt shortfin eels is greater in areas
with finer substrategGlova, G. J. et al. 1998p t is unlikely that an increase in
deposited sediment will restri¢heir habitat

Two fish species may benefit from current sedimienels in the Wairoa River:

f Yelloweyed mullet are transient visitors to the estuariageas of the Wairoa River.

Theyare well adaptedo schooling and feeding in the changeable and oftabid
water of estuarine ares(Middlemiss et al. 201&nd watervisual clarityhas very little
effect on their occurrence at individual sites wittestuariegFrancis et al. 2011)
Landuse intensification (e.g., urbanisation or pastadalvelopment) usually results in
increased sedimentation in tHewer reaches ofatchmens (DaviesColley 2013)This
sedimentationcandegradecritical habitas of some species. However, yellayed
mullet are one of the few estuarine fishes that an®re abundant in estuaries that
have a greater percentage of urban or pastoral degment in their catchment
(Francis et al. 2011)

Grey mullet are common in northern New Zealandhaltred bays and harbours and
aroundthe mouths and estuaries of rivers. They can aksogirate long distances
inland in larger rivergHicks, B. J. et al. 201@rey mullet feed on organic material
which they sift from sediments sucked from the swhte (Odum 1968) They filter and
remove carbon from large volumes of sediment wiéeding(Moriarty 1976) Up to
half ofthe gut contents of grey multecan be comprised ofery finesilt, whichis
important for breaking down food and assisting wittgestion(Blaber 2008) Turbidity
does not appear to affect the feeding, growth ongual of grey mullefWells 1984)It
is unlikely that an increase in deposited sedimanitaffectgrey mulletas theyare
large, mobile fishes that argually abundanbvera range okubstrates (Wells 1976)
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3  Sedimentvisual claritybands and load reduction to meet
bottom line

Observations and models of river sediment condisigauch asisual clarityand beddeposited
sedimen) are usefubecause they can be compared with attribute statiéecia in the National
Objectives Framework (NOR)the National Policy Statement for Freshwater Mgament(New
Zealand Government 2023Jisual clarityof the water is of particular relevance to fidkecaug fish
communities vary more as a functionwa$ual clarity than deposited sedimig(Franklin et al. 2019)
Relationships betweesuspendedsediment concentration andisual claritycan also be used to
estimate the reductions in sediment required to nigegiven reduction invisual clarity

3.1 Visual clarityof waterand comparison with NOF bands

Water quality datavere provided by Bwkées Bay Regional CounciBRQfor alltheir Wairoa River
catchmentsites Thesedatawere obtained as part of regular sampligigpically monthly) rather
than storm-sampling campaigns. The data cover various pefiaais about 2010 tanid-2021(the
date of the data request), depending on the sifites with less than 20 sampling points were
excluded from the analysis.

The mediarvisual claritwalues are summarised rable3-landFigure3-1 The classificatia
according to NOF bands in the NIF8are also shown

The observed mediavisual clarityranged from 0.35 m to 99 m. The lowesvisual claritywas at the
Wairoa River near the rivenouth andis likely to be influenced by salinity. Salinitjeafresults in
decreasediisual claritydue to particle flocculation and recirculation cents. Hencethe freshwater
visual claritypands may be less relevant at such locatiasthey were developedrom freshwater
site data. Wairoa River at Railway Bridge may also be inflad by salinity.

Most of the sites lie in the D grade, which is lvelbe ‘bottom line’ for medianvisual clarity At this
level, according to the NOF descriptor of the gnadband there is expected high impact of
suspended sediment on instream biptcologicalcommunities are significantly altereand
sensitive fistwill be lost or at high risk of being lo3the Mangaaruhe and Mangaige Rvers on the
other hand, are in the A band despite having similaual clarityto the some of the other sites. This
is a result of these rivers being in a differ&DF riveclassandeach class hadifferent thresholds
between grading bands. This contrast is surprigjiivgn that the sites are of broadly similar
character, and the result has implications for retians in sediment load that may be required to
meetvisual claritybottom lines.

Visualclarity at all measured sitesan beverylow at times, with a minimumralueof 5 mm being
recorded atthe Ruakituri River at Sports Grousile This may have implications for fistvisual
clarityis low for extended periodslarity. However, NOF criteria are only for median vajunes for
infrequent values
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Table3-1: Summary of visual clarityneasurementdn the Wairoa catchmentn is the number of
observations.

. Minimum .
Median visual River class for
Site Name NZSegment n visual clarity suspended NOF band
clarity (m) sediment
(m)

Hangaroa River at Doneraille Park 8143530 133 0.93 0.01 1 D
MangaaruheRiverat Mangaaruhe Station 8155795 22 0.99 0.025 2 A
MangapoikeRiver at Suspension Bridge 8155822 107 0.95 0.03 2 A
Ruakituri River at Sports Ground 8149195 133 0.83 0.005 1 D
Waiau River at Otoi 8159305 115 0.67 0.01 1 D
Wairoa River at Marumaru 8155540 22 0.71 0.043 1 D
Wairoa River at RailwayiBge 8165291 52 0.53 0.015 1 D
Wairoa River D/8/astewaterDischarge 8170924 25 0.35 0.01 1 D

NPS-FM Visual

Clarity Band

© -

@

8

Hangaroa River at Doneraille Park
0.93m
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Figure3-1: Map of observed mediawisual clarityvalues (m) and NOF attribute band.

Suspended sediment concentratiof®SCilata are also available for treame sites (but with larger
number of sampleq)Table3-2). The mediarsSGslargestat the site downstream dfVairoa
wastewater dischargéD/S WastewateDischargg The median SS€considerablyargerthan at the
Ski ClubRivemMouth, orYacht Club, suggesting the influence of a localssrdce of sediment
(possibly thewastewaterdischarge itsejf ComparingsS@ndvisual clarity there is no strong
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indication ofa changing visualature of the sediment with distanadownstream.The median
concentrations are larger than the median, suggest skewed probability distribution of
concentrations, as it typical for water quality dat

Table3-2:  Summary of suspended sediment concentrations (mglom Stateof Environment monitoring
sites.

Site n Maximum Mean Median
Hangaroa River at Doneraille Park 139 1390 72 5.0
Mangaaruhe at Mangaaruhe Station 24 1280 84 7.7
MangapoikeRiver at Suspension Bridge 114 1570 98 4.2
Ruakituri River at Sports Ground 139 2300 67 6.0
Waiau River at Otoi 117 1870 126 12.8
Wairoa Estuary at River mouth 48 1320 60 18.2
Wairoa River at Aranui Road 37 1550 99 11.8
Wairoa River at Frasertown Bridge 45 1630 86 9.1
Wairoa River at Marumaru 24 990 76 9.4
Wairoa River at RailwayiBge 192 2900 84 11.0
Wairoa River at Ruataniwha Road 39 1350 70 10.4
Wairoa River at Ski Club 55 520 40 12.8
Wairoa River at Yaciglub 39 730 70 8.9
Wairoa River D/8/astewaterDischarge 90 1280 107 51.0

A Nationalscalemodelof visual clarityproduced bywhitehead et al. 2029 predictclearer water in
the forestedheadwaters near Lake Waikaremoaarad lower visual clarityin the lower river(Figure
3-2). The measuretisual clarityin the lower river is less than the predictesual clarity, This
disparitycan probably be attributed tonodellimitationssuch agieologicainfluences that are not
represented well in the model.
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Figure3-2: Predictedmedianvisual clarityfor current conditions from a national model.

3.2 Referencevisual clarity

National modelgredictcurrent and referenceisual clarity(that is, thevisual clarityexpectedwith
pre-human land usefrom river suspended sediment class. The suspers@eliment class is a
classification of riversto five classethat is relevant to suspended sedimetitisnot a classification
of the suspended sediment valud®eference alues were obtained from Rick Stoffels, NIVWWAe
source data were from national datasets compile K&iE (Franklin et al. 2019These reference
valuesgive some indication of how much clearer the stresamighthave ben before development
of the catchmentThese data show that mamgaches have eeferencevisual clarityof 2 mvisual
clarity, but in some (i.e., Mangaaruhe and Mangapotke)referencevisual clarityislower because
the river class is different. As discussed in refato the NOF class€Sectior3.1) this is somewhat
doubtful given the similar nature of the rivers.
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Table3-3: Measured(current), predicted and reference mediawvisual clarityat monitoring sites.

Predicted
Site Name Measuredmedianvisual clarity medianvisual Referencemedianvisual clarity
clarity
Hangaroa River at Doneraille Park 0.93 1.30 2.01
Mangaaruhe at Mangaaruhe Station 0.99 1.50 1.11
Mangapoike River at Suspension Bridge 0.95 1.55 1.11
Ruakituri River at Sports Ground 0.83 1.30 2.01
Waiau River at Otoi 0.67 1.10 2.01
Wairoa River at Marumaru 0.71 1.24 2.01
Wairoa River at RailwayiBge 0.53 1.26 2.01
Wairoa River D/8/astewaterDischarge 0.35 1.29 2.01

3.3 Relationship betweesuspended sediment concentration amigual

clarity

The relationship betweesuspended sedimertoncentration(SSCandvisual claritycan be used to

determine how much change suspendedediment concentratiolffOR SS@)ight be required to

achieve a specific changevirsual clarity Thismay also give amdication of the required change in
suspended sedimenbad (Ministry for the Environment 2020} herelationshigs are shown inFigure
3.3.The exponent of the power relationship betweeisual clarityand SSGs the coefficient of the

equations in the plots. For example, for the WaRiuerat Otoisite, BD ~ S8 The exponents are

similar tg but slightly smaller thajthe default exponent 0f0.76 in the MfE guidance document

(Ministry for the Environment 2020)
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Figure3-3: Visual clarity(as measured by the black disc methoggrsus suspended soliconcentration
relationships.The equations are for the logarithm of black disahe logarithm of suspended solids.

3.4 Suspended sediment load reductitactorto meetvisual claritynational
bottom lines

Thesuspended sediment (S8ad reduction factor (or percentage) required teeat national
bottom lines forvisual claritycan be calculated from the required changevisual clarityand the
exponent of the relationship betweerisual clarityand sediment concentratio(Ministry for the
Environment 2020)Vale et al. (2023)onducted such an analysis usthg default exponent 0f0.76,
for a range of attribute band targetsiere we supplemernhe analysiof Vale et al. (2023)sing
exponents generated from thieottom line site dataThe results are shown irable3-4, excluding
the site D/SNastewater The results show that a considerable reductioroad is required to meet
the bottom line at some sites, including a 4ald reduction (76 % reductiomt the Wairoa at
Railway Bridge site. The reduction factors frdale et al. (2023re smaller because a different
exponent was used, but there are many areas of utaety in the load reduction analysis so that
these discrepancies should not be considered sicarif
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Table3-4: Reduction in sediment load to meet national bottottine, expressed as a factor reduction in
load. N/A values mean that no load reduction is required.

Median . . SSIqad SS load
. Bottom line SSC vsisual . reduction .
. visual . . SEReduction SE reduction %
Site Name . visual clarity : factor from
clarity . Factor reduction % from Vale
(m) clarity(m)  exponent \mmmmam(mm
(2023) ’
Hangaroa River atDoneral g g3 1 34 0.71 1.67 40 1.61 38
Park
Mangaaruhe at Mangaarut ) g 67 0.72 N/A N/A N/A N/A
Station
Mangapoike River at 095 061 -0.66 N/A N/A N/A N/A
Suspension Bridge
Ruakituri River at Sports g g3 1 34 0.68 2.02 50 1.89 47
Ground
Waiau River at Otoi 0.67 1.34 -0.68 2.79 64 2.50 60
Wairoa River at Marumaru 0.71 1.34 -0.67 2.61 62 2.33 57
Wairoa River at Railway - g5 4 54 -0.66 4.10 76 3.33 70

Bridge
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4 Bed gdiment characteristics in the lower river

For fish, fine sediment guidelines developed foEMécus on visual clarity rather than depositecefin
sediment. However, deposited firsediment can affect some fish indirectly throughherquality
food source quality being associated with coarsed sompositioras explained in Sectidh3,
Therefore, below we consider bed sediment charastass.

4.1 Estuarine reaches

Sediment texture (particle size distribution) irettower riverwasmeasuredannuallyby HBRC in the
estuarine section of the riveadjacent to Wairo&(along with chemical parametersh each
sampling year, about 10 samples were taken on @me@ing occasiorResults for complete years
are summarised iffable4-1 The results show a predominancenofid (<63 .m) andvery fne sand
(63-125 .m), with some fine sand £b—250 microns)n the sediment in the lower river. Theveas
considerablenter-annual variability, suggesting winnowing of sedimenreplacement with
sediment from upstreanor spatial variabilityn conjunction with random sampling locationhere
was virually nomedium sand250-500 .m) or coarser sediment>500 .m). This is consistent with
observations of nearshore sediment from visitshe site. In some places, muddy sediment
accumulates, which makes river access hazardowsfifil sediment is consistent with seafick
geology of the catchment erosional aressd low river gradient

Table4-1:  Sediment particle size distribution percentages frothe lower Wairoa Rver. Mean values
acrosslo siteshy year, and average over all years. Some data wassing from 2020.

Size class {n)

vear <63 63125 125250 250-500 5001000  1000:2000 >2000
2012 87.87 7.66 3.94 0.51 0.02 0.00 0.00
2013 53.90 38.95 6.03 0.84 0.20 0.07 0.07
2014 27.95 46.94 23.72 0.82 0.15 0.27 0.17
2015 22.50 50.11 24.97 1.79 0.44 0.18 0.00
2016 54.26 30.24 14.66 0.63 0.14 0.09 0.10
2017 63.76 23.63 11.22 0.85 0.37 0.07 0.10
2018 38.92 46.48 13.51 0.78 0.15 0.11 0.05
2019 26.55 47.46 24.36 0.97 0.16 0.24 0.26
2021 24.18 38.43 35.25 0.87 0.18 0.68 0.42
Average over 43.99 36.69 17.90 0.89 0.20 0.20 0.14

years

4.2 Lower riverand mid catchment

During theboat-based inspection of the lowé&WairoaRiver(see SectioB), theriverbedwas probed
with a 4m pole. This technique, which is used as$ pbecological condition surveys of neradeable
streams, gives an indication of bed texture. At tapids about 5 km upstream of Frasertown (the

6 These data were taken largely in the area (or Wigjrof a grid with the 4 corners:
1) E1982878, N5667891
2) E1982902, N5667870
3) E1982852, N5667834
4) E1982859, N5667819
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most upstream location surveyedhere wasa hardbed (papa rock, that is soft

mudstond sandstone), with some gravel deposiBownstream, there wagenerally soft sediment
with little gravel, apart from occasional rock séind gravehear therailwaybridge and in the vicinity
of Ruataniwha Marae, and some localised gravel Ae@amatel agoon There were deep areas (>10
m) downstream of the sills, suggesting that theerican mobilise any deposits in those areEsese
sill and scour holes are well known traditionakestm features to manahenua (pers. comm.
Katarina Kawana), suggestiritat they have persisted and that tmeverbedhas not built up or
scoured down over recent periods.

Some records ithe NZFFDncludeobservations ofiverbedtexture. In the lower WaialRiverthe
mud and sand proportions combined wegenerally <15%, that ithe sediment wasnostly coarse
South of Frasertown, only one of the six sites bhdervations of sediment textur@hat site vas
near Awamate and had mostly mud and a little graesite at the downstream end of the
Mangaaruhe Rivenad<15% mud and sand, the downstream end of the Mawogan(the river label
in the river could be incorrect) hagtavel and bedrock, a site on the WailB&verupstream of that
confluence had coarse sediment and bedrock, anitkegjsst downstream of Te Reinga had coarse
sediment and bedrockAerial imagery from Google Maps clearly showsesfiind bedrock in the
upper Wairoa, indicative of coarse sedimefihe sampling sites might be biased to coarser sedim
areas.Generally, the picture is of coarse sediment in tiper WairoaRiverandthe lower partof its
maintributaries, grading to fine sediment south ofaBertown.This is consistent with the much
steeper river in the upper sections and tributari€®r example, by FrasertowW®22 km from the
mouth)the river surface is about above sea level, 12 at Marumaru(10 km further upstream)
and 32 mustdownstream of Te Rein@ further 18 km upstream)

Five offrom sixsites in the mid catchment in 199&dless than or equal to 30% sand and mud (data
arepresented in fish habitat survey results in Secfia®.1). This compares with thOF bottom line
for deposited sedimenfior wadeable rivers of 26% for river classes thadominate in the Wairoa
catchment (but note that this i®nly a rough comparisobecause fish survey methodd-pllowing
Cyclone Gabirielle, all but one of the sites lgaglater thanor equal30% sand and mudhis level of
deposited fine sediment isdicative ofahigh impact of deposited fine sediment on instreaiota,
including sensitive fistaccording to grade descriptions in the N®Bursites had 45% or more of
sand or mudThe two upper sites, Mangahohi and Mangaone 2 nditthave increases in fine
sediment content.

The NOF grading faeposited fine sediment does not apply to river segnt that are considered to

be naturally soft bottomed. This can be determirtgdthe REC class falling within one of 5 classes.
Nearly allof the segments in the Wairoa are of deposited saelit class 3 or 4, and none are classed
as naturally sofbottomed. Under Section 3.25 of the NfF®, if a site is currently seftottomed,

the council must consider whether it is naturalbftsbottomed and whether it can be returned to a
hard-bottom condition. From our assessment, nearly all oftilver downstream of Frasertown is
soft-bottom. The river geomorphology assessment andmeedit coring work in the next two

sections were intended to shed some light on thiestion.
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5 River geomorphology assessment

A brief and provisional assessmentivkerbedsediment characteristics was conducted in January
2023, before Cyclone Gabrielle. The work was leBrbjessolan Fulle(Massey Universitygnd is
presentedin a separate reporfFuller 2023) The purpose of the wonkasto establish whether the
nature of the river was different before tfeuman induced land disturbance in tearly 1900's
would have increased erosion rates. If, for exampie river was historically gravdbminated, then
that would provide a reference point for remediatioWhile identifying historical conditions wHee
ultimate purpose, the initial survey wagsignedo obtain preliminary information that might guide
further, more-detailed investigationsThe public summry of the report states:

“The Wairoa River carries large quantities of fiediment (clays, silts and sands). This fine sedimen
cloaks both the bed and the banks of the river #vedriver appears to be mainly soft-bottomed
downstream from Frasertown. The question this itigation seeks to begin to answer is whether the
river has always been characterised by such lameumts of fine sediment, or whether changetaimd-
use in the catchment may have altered the conditibthe river. This investigation used thediments
expcsed in the riverbanks as a window back in time vElsawere seen in the riverbanksfasdown the
river as immediately below the old river channePatamate (now the Awamateagoon), but gravels
were not seen in the bank where the old Awamatencieh has been pluggelstimates of the age of
these riverbank deposits was provided using radloma dating of woodecovered from the base of banks
at four locations along the lower Wairoa River.IPnaary findingssuggest that the Wairoa River as far
as Awanate was gravel-bedded until at least 3000 years.&good underneath thick fines infilling the
Awamate channel indicates these deposits are youtiggn 1365 years old. More work is needed to
understand the details of these changes to thesedits inthe Wairoa River, but these results are not
inconsistent with the idea that land clearance autbsequent escalation of catchment erosion has
contributed to the condition of the river as we sewday”’

In short, it seems that the upper Wair®&iverhad gravel bed about 3000 yesargo at places where there
is now fine sedimentHoweverijt is not yet known how widespread those gravelgeyeor whether the
transition to fine sediment occurred since land dpment or whether it occurred prior to land
clearance. There is no evidence from preliminargesiations in the lower Wairoa Rivdiat there was
recently a gravel bed.

Followup investigations were proposed, including deepgand dating, to investigate the timing of
deposits in the last 3000 years, the extent of gravels, and more detail on the infilling of the ol
channel flowing from the Awamate lagoon. This Vebbe a large research project.
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6  Sediment coring study at river mouth

6.1 Purpose, site selection, and methods

A sediment coring study was conducted in the loestuary with the aim of providing information
on historical sediment texture (size classes) amahges in deposition rates.

Initially, it was hoped to be able to work in dejgamal areas in the lower river, such as floodplai
deposits or infilled old channels. However, frorawing aerial and satellite images and lidesed
maps, and site inspection and conversations witfiREBwe were not able to identify suitable
depositional sampling location¥he lack of suitable sitestiscause the lower river is often confined
in steep banks and deposits within are expectethedfairly ephemeral (remaining for years rather
than decades). Higher floodplains were usually wbtive the river, and may represent deposits
from the last interglacial period when the sea camiand to about Frasertown, or are inundated
only in extreme events.

Considering the difficulties with finding a suitatdbcation beside the river, it was decided to fecu
sampling on the rivemouth or estuary areas. Deposition typically ocaarestuarine areas, and
changes in sediment composition over time have bebserved in estuaries around New Zealand, so
there were reasonable prospects for gaining somefulsinformation.

Candidate sites were identified. The southern lag@@/hakamahi Lagoon) was discarded as a
potential site because the estuary mouth is knowrshift into that area (from inspection of
historical images in Google Maps and as advisadabgrina Kawana) arattention was focussed to
the Ngamoto Lagoon side of the river. With assis&afrom Tatauratou, permission for access was
granted from Te Ruahina Marae.

The resulting sampling locations are showigure6-1

Figure6-1: Sampling locations at the river mouth and Ngamotadoon.
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At each site, cores about 1.2 m in length and 80diameter contained within clear plastic casing
were taken using a manual percussion corer. An g@taroore is shown iRigure6-3. Also, slot
sampleqsediment slabsabout 0.7m deep with clear plastic walls were takerenablex-ray
imaging One core (W6) was discarded because it was clumgynzore likely influenced by soil

X+tadiographs of the sediment slabs collected in Bexspextray sediment corers were made prior
to radioisotope dating. The slabs were imaged usingarian PaxScan 4030E amorphous silicon
digital detector panelRigure6-2). Xrays were generated using an Ultra EF2800 portable xay
source with a typical exposure of 25 mAs (millisseponds) and 580 kiloelectron Volts (keV). The
raw xray images were pogirocessed using the Imaglesoftware package.

Figure6-2: NIWA digital xray system with a slap mounted read for imaginghoto: Ron Ovenden, NIWA.

Following inspection of the images, the sedimemesowere suksampled at selected depths for
gamma spectrometry analysis to obtain the actistd radigsotopes commonly used for sediment
dating (i.e., G437, Pb210, Ra226 and R&28). This was to guide further sampling, and gaesi
application of methods such as radiocarbon datihgteells and pollen analysis. Samples were
analysed by ESR National RédraLaboraory. AppendidA provides a description of lea2ll0 and
caesium137 dating.
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Figure6-3: Examplesediment core in the Perspex coring tub&hissamplefrom site W1.

6.2 Results

X+sadiographs from core site W1 are showrFigure6-4. The image shows the inta@te., minimal
mixing)stratigraphy of the sediment column (which is netdent from visual examination). The
x-radiographdndicate that the sediment depositing at this siseprimarily composed of interlayered
sequences of fingrained muds and sand, of centimetre to decimetnekness. There is minimal
evidence oburrows associated with the feeding and/or burrogiactivities of animalsThere are
several ~23 cm diameter bivalve shells below 30cm depth. Sradiograph indicates that
sedimentation at site W1 is dormated by physical processes associated sedimentatitim minimal
mixing of the sediment after deposition. Thisassistent with a riveimouth lagoon environment
with large pulses of sediment delivered during pes of high discharge.

Table6-1below summarises the radioisotope data.
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Figure6-4: XRay image of the core from site WThe top image was from O spproximately32cm depth,
while the bottom image was fror8to 60 cm deep below the ground surfa¢eith some. The scalenarkers
on the LHS of theop image and RHS of the lower imdgwe a 5cm increment.
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Table6-1: Summary of radioisotope data from cores W1 and WA4.

Pb-210 Cs137
Sample ID Depth (cm) Activity Uncertainty Activity  Uncertainty
Site W4
W1 6lcm 0.5 29.2 6.5 <0.72 N/A
W156 cm 5.5 24.9 5.8 <0.68 N/A
W1 1611 cm 10.5 30.3 9 <0.93 N/A
W1 1516 cm 15.5 27.3 6.6 <0.78 N/A
W1 20621 cm 20.5 24.1 5.3 <0.64 N/A
W1 3631cm 30.5 27.6 8.5 <0.95 N/A
W1 40641cm 40.5 24.9 4.5 <0.39 N/A
W1 50651cm 50.5 28.7 7.6 <0.54 N/A
Site W4

W4 G1cm 0.5 31.6 5 <0.72 N/A
W4 56 cm 5.5 31.3 5 <0.78 N/A
W4 1611 cm 10.5 30.7 4.7 <0.67 N/A
W4 1516 cm 31.9 51 <0.72 N/A
W4 2021 cm 30.7 4.9 <0.79 N/A
W4 3631cm 26 4.4 <0.71 N/A
W4 4041cm 30 4.8 <0.80 N/A
W4 50851cm 32 4.2 0.46 0.21

6.3 Interpretation

The excess PB10 profiles observed in cores W1 and W4 are complehe usual basis for dating is
the fitting of a natural lodinear regression to the excess-Pb0 activity in the zone of sediment
accumulation, often below a surface mixed lay®@ML) The SML is typically up to several thick
indicated by constant excess-2h0 activity. The zone of accumulation is obserasdn exponential
decline in excess PO activity with depth. As can be seerfFigure6-5to Figure6-7, the excess
Pb-210 activity profiles in the core vary substantiddiom an exponential profileTheintact nature

of the stratigraphy (i.e., minimal mixing) suggetiat theseprofile data represent natural variation
in excess PR10 activity within discrete event layers (e.gp th0 cm muddy sand), deposited over
time scales of daydn comparison, theather than yearslecades assumed by the steady state Pb
210 SARSediment Accumulan Rate)model @ppendix, P10 has a 22 year hdife). In this case
the variability in excess PHLO activity with depth may represent differencescatchmentsources
(e.g, topsoail vs subsaoil).

Caesurrl37 (post1950s) was also absent from all but one sampleya®al in the two cores. The low
initial excess PR10 along with absence of a87 Cs137 usually indicate®psoil erosion) suggests
that the bulk of this sediment is largely compos#droded subsoil.

The calculated apparent F210 SAR for sections of the profiles in both canes
- Core Wldepth 011 cm: 3.0 mm/year
- Core W1, depth 181 cm: 14.5 m/year
- Core W4, depth21 cm: 145 m/year
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The apparent high SAR, due to the steep exces&lBlactivity profiles area again consistent with
event deposition layers. There is high uncertaintth theseSARestimates because the slopes of the
depth data are uncertain, to the point that theye only useful as coarse indicators of high episod
deposition.
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Figure6-5: Core Wil-sediment accumulation rates (SARyL1 cm depth Exces$'%Pb activity profiles.
Timeaveraged SAR (mmYyrderived from regression fit to natural lagansformed?'%Pb data.
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7 Impacts from recent large stormscludingCycloneGabrielle

Cyclone Gabrielle had massive effects on flowhénwairoa River catchment in mkéebruary 2023.
Eastern areas of the catchment received more th@ArBm of rain during the weather event. This
resulted in massive increases in water levels déma fates at gauging stations in the catchment
(Table7-1). The consequences for fish habitats in the statchment appeared very different to
those in the lower catchment.

There was also a large flood in March 2022, whimth $ignificant impacts on the catchment and
rivers (from personal observations and pers. coriaterina Kawana).

Table7-1: Maximum river level and flow at six sites in the \Wau catchment before (12 February 2023)
and because of Cyclone Gabrielle (14 February 2023ata sourced from Hawke’s Bay Regional Council.

12 February 14 February
Site Maximum Maximum Maximum Maximum
3 level (m) and 3
level (m) flow (m?/s) . flow (m?/s)
time
Waiau River at Otoi 1.1 16.7 5.0 (0415) 838
Waiau River at Ardkeen 3.1 87.1 14.1 (0815) 1,654
Ruakituri River at Tauwharetoi Climate 1.0 16.0 10.9 (0400) 989
Mangapoike River at Gorge 0.8 - 9.4 (0400)
Wairoa River at Marumaru 0.4 19.9 18.5 (0600) 4,92
Wairoa River at Railway Bridge 11.1 - 22.5(0915)

7.1 Changes in sediment concentrations followregent large storms

One of the potential changes following large stonsian increase in sediment concentration for the
same flow ratelt takes years for sediment concentrations to retumpre-storm leveldollowing
large storm disturbances, as observed in the Motektchment in NelsofHicks, DM et al. 2008)

Sediment concentration data before and after theotwecent large storms (March 2022 and Gabriel
in 2023) are show iRigure7-1andFigure7-2, based on regular monthly sampliagd data provided
by HBRC There imo sign ofincreased concentrations for the same flow rateeafthe storms, which
is surprising given the large amounts of catchmenaision. Thignalysis is only based on monthly
sampling, so the result is only tentative and doesindicate what is happening in storm flows or to
sediment loadsHowever, i is an indication that fish that are sensitivew@ter visual claritymay not
have a protracted ‘hangover’ from elevatsdspended sediment concentrations.

Flow is not measured &Vairoa River at Railway Bridge, but using daily fimm Marumaru, it
seems that the Railway Bridge site also does natlan increase in concentration (for a given flow
rate).

7The provided data started in July 2019 for Marumamd January 2019 for Railway Bridge.
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Despite the apparent lack of increase in suspensidiment (ad likely lack of reduction imisual
clarity), there are geomorphic disturbances and sedimespasition that could have impaetl fish,
as discussed in the following sections.
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Figure7-1: Comparison of sedimentersusflow relationship for the Wairoa Riveat Marumarubefore
and after the two large recent stormg:low rates are hourly flows
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Figure7-2: Comparison of sedimentersusflow relationship for the Wairoa River at Railwayi@ge before
and after the two large recent storms.Flows are daily flows &larumaru becauséow is not measured

continuously at the Railway Bridge.

7.2 Geomorphic change in tHewer Wairoa River from Cyclone Gabrielle

Following the devastation of Cyclone Gabriellejdapsponse efforts were needed to map stop
bank breaches, infrastructure damage, and geomarghiange. NIWA, University of Canterbury, and
Christchurch Helicopters mobilised to collect LiiaR of impacted rivers and floodplainsTia
Matawa-D p] ~, Al « Ce v d ]E AZINE alsp'mdlHised light aircraft to capture
aerial imagery for disaster response and assessrokefibod extents.
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7.2.1 Geomorphic change data acquisition and processing

LINZ aerial imagery was flown from the"1® 21 of February 2023. Helicopter LiDAR flights were
conducted from the 238 of February to the 1%March 2023, with the Wairoa River covered on the
9" of March. The LiDAR point cloud data were processedniversity of Canterbury to generate
Digital Elevation Models (DEMs) and publicly redelaga the LINZ data portalTheLiDARDEM was
then differenced from the HBRC Regional LiDAR hwins collected from the INovember 2020

to the 24" of January 2021 by Ocean Infinity, to generategit&li Elevation Model of Difference
(DOD)This was performed for the purpose of qualitatissassment of bank erosion in the Wairoa
River at key locations of interest such as the karice with the Huramua Stream. Additional vertical
control checks of elevation accuracy were not parfed (beyonl those undertaken bthe

University of Canterbury when processing the LilpaiRt cloud to generate the original DBEM hese
checksare recommended if further work quantifying banlosion and sediment inputs to the river is
required. Since the Ocean Infinity LIDAR was delliein 2020/21 it should also be noted that the
geomorphic change detected is cumulative betweeis thme and he 13" March 2023 when the
helicopter LIDAR surveys took place. Thus, it melyde some geomorphic change from storm
events other than Cyclone Gabrielle.

7.2.2 Geomorphic change in the Wairoa River

The LINZ aerial imagery, helicopter LIDAR DEMd)@fk provide an excellent source of
information for identifying bank erosion and georpbic changen the Wairoa River. There was
extensive bank erosion throughout the Wairoa Riaed its tributaries, based on observations of the
LiDAR DEMs and field observations. This is likdigve serious impacts for fish habitat and bed
substrate. Examples are shownFigure7-3to Figure7-7, which include the Huramua Stream
confluenceand Awatere Strearflocatiors of interest for whitebait spawningsee Sectiofi.3.2),
Ngamotu Lagoofof interest for deposition and coring analysgectior6), and changes atlict
(historical)oxbow lake(/Awamate lagoon which is infillin§ectiorb). The data underpinning these
figures and analysis only became available neaeti of this project and should be treated as
preliminary.

These preliminaryresults show
f elevation reductions (apparent erosion) around WaiauWairoa confluence
f variable erosion and deposition on the lower Haran&tream
f some erosion along the lower Awatere Stream
f

little change in the main body of Ngamotu Lagooh $mme apparent erosion around
the fringes, and

f some infilling of the Awamate oxbow.

Some of the results are questionable. For examyjal inspection of the Awatere Stream did not
show erosior(see Sectiof.3.2 which contrasts with the apparent erosion fromethiDAR data. This
could be related to changes in vegetation rathesithground surface elevation. Further work is
therefore needed to confirm whether the LIiDAR elémas are ground surface rather than
vegetation.

8 https://data.linz.govt.nz/layer/114544jisborneand-hawkesbay-cyclonegabrielleriver-flood-lidar-1m-dem-2023/
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Detailed analysis of these datasets would be neetteqguantify bank erosion volumes, bank retreat,
andchanges in riparian vegetation. This is recommenigdre work which will give a better
understandof the impacts of Cyclone Gabrielle, the effectivenekgparian vegetation in mitigating
erosion, the potential impacts of future extreme atber eventsandhow to prepare betteto
mitigate these impacts.
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Figure7-3: Change in elevation for thé&/aiauRiver confluence with Wairoa Riv&ed indicates
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Figure7-5: Change in elevation Awatere Stream. Red indicatession, blue depositionThe whitebait
spawning site is south of the road towards the tafthe diagram.
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Figure7-6: Change in elevatioNgamotu Lagoor Wairoa RiverRed indicates erosion, blue
deposition.
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Figure7-7: Change in elevatiowairoa Rivent the historical oxbow lak@roundNgamotu Lagoon
Red indicates erosiorblue deposition.
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7.3 Preliminary assessment ofid-catchmentfish habitatand nanga
spawning sitampactsfrom Cyclone Gabrielle

7.3.1 Mid-catchment fish habitat

Methods

Six streams in the midatchment, that had beesurveyed for resident fish in December 1995, were
revisited in September 2028even months after Cyclone Gabrigl{gigure7-8). This was to get an
indication of changes that might have occurred do€ycloneGabrielle, although we cannot rule
out the possibility that changes occurred bef@gcloneGabrielle, because there is no intervening
survey.

At each of the streams instream habitat was assésgeng a Rapid Bioassessment Protocol (RBP)
The RBPwhich was developed by the U.S. Environmentaldetmn Agencyrovides aqualitative
evaluation of the structure of the surrounding plga habitat that influences thevater qualityand
the condition of the resident aquatic communitBarbour et al. 1996)or streams, the RERsesses
the habitatby looking thequality of the substrate, channel morphology, baikucture, and riparian
vegetation.All parameters are evaluated and rated on a nunarcale of 0 to 20 (highest) for each
sampling reach. The ratings are then totalled anthpared to a reference condition to provide a
final habitat ranking.

Each of the six streams was surveyed in Decemi@$ L8ing the New Zealand Freshwater Fish
Database (NZFFD) habitat criteria and fish sampliotpcols. The same criteria were used te re
assess instream habitat in September 2023. Howeherfish commuities were not resurveyed.

Fish surveys were not completad2023 However, using changes to key habitats (descriddsal/e)
as a guidat is possible to comment on the effects of Cycl@wbrielle on fish communities. The
prospects for recovery and rehabilitation are adsked in Sectio8.

/v i60AU $Z (]1*Z Juupv]8] » Jv ules }( 8Z 1+]e®GSGu]u-SA (& ouwREU
and bullies Torrentfish and common smeltere only present at some sites. Analysigha impacts

of CycloneGabrielle @ the midcatchment focusses on these fish speciefarlf areexcluded as they

are expectedto occur onlyin the upper catchment.
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Figure7-8: Six midcatchment streams that were assessed for fish habiguality in September 2023
following previous surveys in December 199%ote that there are two Mangaone Streams in the kWai
catchment.

Changes to stream habitat

The six stream sites were between 41 and 69 km ftioenocean Table7-2) and ranged in elevation
from 15-60 m.Generally, the average width of the sample readhad not changed markedly from
that recorded in 1995. The average depth of mostais appeared to have decreased from that
recorded in 1995, but it had not rained in the Warcatchment for 10 days pri¢o the September
2023 surveysThere were increases in the mud content in the Bediment for most sites, with a
maximum of 45% increase at Makapua.

Mangaone, Mangakino and Makapua Streams were aked in a ‘marginal’ state by the Rapid
Bioassessment Protocade BPR ranking in the top sectionfable7-2 These low rankings were
mainly caused by the unstable condition of the dvdte (Figure7-9), the amount of deposited
sediment Figure7-10) and poor bank stabilityF{gure7-11). Sites that were higher in the catchment
(e.g., Mangahohi and Mangaone 2 Streams) were rdmkere highly. Although relatively low in the
catchment, Te Kura Stream ranked relatively hiplelyause of extensive riparian vegetation and
more-stable instreansubstrate Figure7-12).

In the photographs Figure7-9to Figure7-17) the visual clarityappears high, despite large
disturbances to the stream bs@dnd banis. This aligns with the observation of little charige
concentration in the mainstem for a give flow rdtes discussed in Secti@til), based on monthly
observations. These observations are tentative, fufggest that any impactd the stormson fish
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could be related more to changes in bed compositoml riparian conditions rather thansual
clarity.
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Table7-2:  Comparison of fish habitats in six michtchment streams before (1995) and after Cyclone
Gabrielle.Instream habitat was quantified using a Rapid Bieasment protocol (RBP) and the categorisation
tools from the New Zealand Freshwater Fish DatabBish abundances from 1995.

Site Name Mangaone Te Kura Mangakino  Makapua Mangahohi Mangaone 2
REC segment 8156071 8154086 8157206 8155521 8153505 8159144
Distance to ocean (km) 41.4 43.5 47.5 52.5 56.7 68.4
Site devation (m) 15 18 40 40 60 60
RBPranking, 2023(%) Marginal (37) Suboptimal (75.5 Marginal (33) Marginal (36) Suboptimal (75) Suboptimal (67.5)

Detailed data

Datesurveyed 1995 2023 1995 2023 1995 2023 1995 2023 1995 2023 1995 2023
Averagestreamwidth 2 2 2 3 3 2 2 3 3 3 5 6.5
Averagestreamdepth 0.5 0.3 0.6 0.3 1 0.4 0.4 0.5 0.3 0.1 0.5 0.3
Backwater 40 10
Pool 40 60 50 70 30 40 40 85 40 25 30
Habitat
Run 50 10 40 10 20 5 40 10 30 10 50 30
(% cover)
Riffle 10 10 10 20 10 30 20 5 30 65 50 30
Rapid 20 10
Mud 10 25 50 65 20 55 20 65 30 30 15
Sand 20 5 15 30 10 15
Substrate Gravel 20 20 15 10 15 5 60 5 30 15 20
(% cover) Cobbles 5 20 10 10 20 10 20 30 70 30 30
Boulders 5 15 20 45 10 10 5 20 25
Bedrock 60 20 15
Instream debris N Y N Y N Y Y Y N Y N Y
Instream ;. jercut banks Y N Y N Y N Y N
cover
Bank vegetatior Y N Y N Y N Y N Y Y Y N
Native forest 65 35
N Exotic forest 10 10
Riparian
vegetation Grass/tussock 70 80 10 60 75 80 100 80 75 80 25
0,
(% cover) Exposed bed 100
Scrub/willow 30 20 25 40 15 20 20 15 20 40
Dinahs bully Y2 0.05 0.15 0.15
Common bully  0.03 0.45 Y 0.13 0.04
Torrentfish 0.01 0.01 0.05
Fish Shortfin eel 0.02 0.08 Y 0.04 0.12 0.03
abundance
(m?) Longfin eel 0.05 0.06 0.10 0.33
UID eel 0.13 0.93 Y 0.35 0.19 0.28
Common smelt 0.10
5v vP 0.33 0.50 7.93 0.05

1In 1995, these fish were recorded as Cran’s b@lybjomorphus basalisn the NZFFD. A subsequent revision of the syatiesiof that
species (Thacker et al. 2023) lessablished that these were Dinah’s bulgbiomorphus dinge
2y’ designates that this species was observed lotiguantified.
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Figure7-9: Unstable substrate withirthe Mangakino Stream. Photographtaken on 7 September 2023
looking upstream from above the Lake Road (SH2®pung.
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Figure7-10: Photo of the Mangaone Stream after Cyclone GabgellNote the fine deposited sediment on
the stream bedPhotographtaken on 6 September 2023 looking downstream frdm\ae the Kotare Road
crossing.

Figure7-11: Photo of theMakapuaStream after Cyclone GabrielleNote the unstable stream banks and
almost complete absence of scrubby riparian vegetatrhotographtaken on 7 September 2023 looking
upstream from above the Lake Road (SH38) crossing.
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Figure7-12 Photo of the Te Kura Stream after Cyclone GabrielNote the mature riparian vegetation and
stable substratePhotographtaken on 6 September 2023 looking downstream frdwa Tiniroto Road crossing.

A comparison of the current instream habitat at thix stream sites with those recorded in the
NZFFD in 1995 shows a noticeable increase in @imtadt and associated reduction in run habitat at
most sitegTable7-2). For example, at the Makapua Stream site the sppaverage of pool habitat
has increased from 40 to 85%kable7-2) with associated reductions in run and riffle halifaee
Figure7-13).

Figure7-13. Photo of the Makapua Stream after Cyclone Gabrigbbowing ol habitat with very fine
substrate Photo taken on 6 September 2023 above the Lake R6&tB8) crossing.
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The two highest streams in the catchment (Mangahanidl Mangaone 2) were the only sites that did
not have a large increase in the amount of mud aadd substrate, and an associated decrease in
gravel or larger substrates (s&able7-2andFigure7-13). MangahohiFigure7-14) and Mangaone 2

(Figure7-15) had a broad mix of substrate types but were doatéd by cobbles and bouldersgble
7-2).

Figure7-14: Photo of the Mangahohi Stream after Cyclone GallgeNote the cobble substrate dominating
the stream bed.Photo taken on 7 September 2023 looking upstream\abthe Lake Road (SH38) crossing.

Figure7-15. Photo of the Mangaone 2 Stream after Cyclone Galleie Note the dominance of cobble and
boulder substratePhoto taken on 8 September 2023 looking upstreanmfritne Ruapapa Road crossing.
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An important habitat feature for fish communities the provision of instream cover to provide
refuge from predation and high flow events. Mosttbé six streams showed a positive change in the
availability of instream debrid é&ble7-2andFigure7-16), which was already acting to diversify flow
structure and substrate types. However, many straahat previously had undercut banks, which
also provide refuge habitat particularly for noatat species (e.g., longfin and shortfin eels), show
changes from erosion or deposition that had had cemed or smothered these key habitatEigure7-

17).

Figure7-16. Photo of the Mangaone Stream after Cyclone Gabaedhowing mstream debris Instream
debris diversifies instream habitats by alteringus and substrate types.
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Figure7-17: Photo of the Mangahohi Stream after Cyclone Galeethowing undercutting and sediment
smothering of banks

There was evidence of modifications to the riparraargins of most of the six streams since 1995,
with all but Te Kura and Mangaone 2 showing a réida¢ or absence, of scrubby riparian vegetation
(Table7-2andFigure7-11).

Implications for5v v P

dZ ulv }ve cpv <« }( C o}lv ' EE]% d% (JAES ¢ scichiient ajea will

arise from reductions in/removal of overhangingarian vegetationbased on our observations and

IviAo P }( cThis Pegétation provides refuge from avian predat(e.g., matuku moana and

Kf§ & « (}JE 3Z]s JUEV oU « Z}}0o]VP «%©0]UX0dg3SE G@}w+' AE]JE cv VF
abundant in 1995 had lost instream cover providgdie combination of overhanging vegetation

and undercut banks through bank erosion and seditsemothering Henceu}+$ ipA v]o cv vP
recruiting into these areas will succumb to aviaegation.

5v vP Z A A & GMcOojvall 1p68)but modifications to the riparian and stream bed

conditions due to Cyclone Gabrielle memit their diet. This is due tdhe absence of overhanging

E]% E] v AP 3 3]}vU AZ] Z vVIEU 00C SWAEFAISE] E]JVE He §} Ty vP ]
(Richardson, J et al. 199¢pupled with disturbance to stream beds may lisomestreamderived

sources of foodChironomid (midge) larvae will still be abundamstreams with fine sediment beds,

but mayfly and caddisfly larvae may be significargduced and slow to recoverhis wilpbersist

until rocky/cobbly habitat reemerges in these streams.

dZ }ve <uv ¢ }( Co}v ' E] odAV}VRCZ VPS 8% E ]+ ped.3.2]v & 3]}v

Implications of sediment for fish in the lower WadrRiver, Hawke's Bay 57



Implications forEels

Longfin and shortfin eels are nocturnal predatdrattuse their sense of smell to detect food and
prey(Sagar and Glova 1998)hey spend most daylight hours sheltering undamks or amongst
macrophytegqJellyman and Sykes 2008)yclonenduced reductions in overhanging vegetation and
undercut banks, and reductions in the size of-stdatum will have significantly reduced the
abundance of eels in many of the medtchment streaméGlova, G. J. et al. 199&urthermore, the
reduced biomass of potential prey spec(es., crustaceans and aquatic insect larvae foalseels
and fish for larger eels; Jellyman 1988} have major consequences for eel growth andvaal.

Implications forBullies

The two bully species that were found in the 199®am surveys (i.e., common bul@pbiomorphus
contidianus and the newly described Dinah’s bulBgbiomorphus dingénave probably faced similar
Z oo VP « 8} cv VP v 0o * (& -poBiningofedpd subsi@Etpsonll have
reduced/removed important food resourcesnd decreased instream cover will have increased th

risk of predation. Furthermore, because these spe@lso spawn in adult habité¥lcDowall 2000)
the cycloneinduced smothering/removal of suitable spawning stiates (e.g., cobbles, boulders or
macrophytes) will have impacted their ability toneplete their lifecycle

Torrentfish

Torrentfish are found mostly in gravelly/boulderyars with broad open beds and outside of any
forest canopy(Davis et al. 1983)hese rivers are often unstable with the coargbsdrate loose and
mobile duringelevated flows Torrentfish are much less prevalent in areas wehie substrate is
consolidated with silt and sand deposits. Adults found in the swift, tumbling white water rapids
where they live in the gaps between boulders (Gldwardon J and Duncan 198%heir diet is
comprised exclusively of the aquatic invertebratevhe(Scrimgeour 1986)

Torrentfish were observed at the three most inlastdeam sites during the 1995 surveyable7-2).
After Cyclone Gabrielle, Mangahd@tream(Figure7-14) and Mangaone Stream(Figure7-15)
retained suitable habitat for torrentfish (>70%tbe streambed substrate was gravel or larger).
However, Makapua Stream appeared completely unslgtdor torrentfish with mud and sand
substrates dominating the streambeBigure7-13). Widespread fining aftreambed substrates
lower in the catchment caused I@§yclone Gabrielle may have impacted some torrelmtfis
populations

Smelt

Common smel{Retropinna retropinnginhabit the lower reaches of most New Zealanénms{\Ward,
F.J. et al. 2005However, they were only observed at the most md@upstream)stream site during
the 1995 surveysl@able7-2). Although well inland, these are likely to haveeh diadromous
individuals that would eventually move downstreamspawn on sand bars in the lower reaches of
the river (Ward, Fredrick J et al. 1989)he deposition of fine sediments during CyclGabrielle is
unlikely to have disturbed these spawning habitats.

Common smelt feed on a broad range of primarilyen@brate animals ranging from small
zooplankton to insects anoccasionally small fish€Blorthcote and Chapman 1999V atervisual
clarity has little effect on the feeding ability of adutimmon smelt{Rowe et al. 2002b)ut
suspended and deposited sediment may alter the @pgcies that are available to thefidayes et
al. 1992) It is difficult to predict the likely consequerxcef Cyclone Gabrielle on common smelt
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populations in the Wairoa catchmenthis idecause they were only observed at one site in 1995
and in 2023 that site was the least impacted of gwevisited sites

732 5v VP «% Av]vP Z ]3§ 3

5v VP +% Av u}viRin8jtedb\egetation ostreambanks(Hickford and Schiel 2011a)
Spawning sites are often in areas of reduced currém backwaters or near the confluence of
smaller tributaries in the tidal reach of largevers(Taylor 2002)-and as such are prone to
sediment deposition. Smothering of bankside vegetaby sediment reduces the survival of
deposited eggs by destroying the critical mitiabitat at groundevel beneath the vegetation
(Hickford and Schiel 2011b)

dZ E & 3A} IVIAv cv VP <% A v\aRomdatchientRipureyZ.8). These were
visited in September 2023 to observe the streamditian and assess implications for spawning
habitat, but no surveys of fish or eggs were coridddecause it was not spawning season.

The spawning site in Awatere Stream is approxinyg®@0 m from the confluence with the Wairoa
River. When visitedn 6 September 2023, the Awatere Stream spawning sidendit appear to have
been impacted by Cyclone Gabrielle. There was @eigence that bankside vegetation had been
recently grazed by livestockigure7-19), but there was little deposition of sediment dmet stream

banks Figure7-20). There wasalso*3]00 %0 v3C }( JveSE u }A & (}E&E cv vP

from undercut banks, debris (logs) and macrophytagure7-22).

* %o AV

Figure7-18& dA} o}JA E & Zu v3 «3E ue* 3Z § A E v]vP Z(}(E SV]VvP %% A &E

2023
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Figure7-19: Photoof the Awatere Streanmspawning site following Cyclone Gabrieklowingevidence of
livestock grazing.

Figure7-20: Photoof the Awatere Stream spawning site following Cyclone Galie. Note that there is no
evidence of sedimentation from Cyclone Gabrielle
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Figure7-21: Photoof the Awatere Stream spawning site following Cyclone Gable. Note that damaged
protective fencing is allowing livestock accesstte nanga spawning site

Figure7-22. Photoof the Awatere Stream spawning site following Cyclone Galle. Note that instream
cover at the nanga spawning sites is provided by overhanging kendebris and macrophytes.

tZ v Ale]8 Jv A %3 u @& 1i1iU 3Z AvIAR oy VR}ve v ,uE up ~SE u «Z}/
major and ongoing impacts from Cyclone Gabriele §pawning site in this stream is much closer
(approx. 100 m) to the confluence with the WairaadR than the pawning site in Awatere Stream

(Figure7-18). Consequently, the spawning site was massivepacted by deposited sediment
sourced from the mainstem. The lower banks wereered with up to 0.5m of sedimer{Eigure7-4).
dZ e« Juvs Z ul}3Z E E]% EJA}po PZEAS|u%Zo$ES FiguewvP PPs ~

61

Implications of sediment for fish in the lower WadrRiver, Hawke's Bay



23) and appeared to have impacted emergent vegetativet would have provided spawning
aggregations of adult fish with cover from aviardael predators.

Figure7-23: Photoof the Haramua Stream spawning site following Cyclone Gelbe. Not note the evidence
(O 21PV](] v8  %o}+]S o Ju vs 3 3Z CWZFS} ol AVIVP %S X0 E 7117 X

Figure7-24: Photo of the HaramuaStream spawning site following Cyclone Gabrielldhe known nanga
spawning site is still well fenced and some banlest plantings have survived the sedimentation from
Cyclone Gabrielle. Photo taken onS&ptember2023.
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8  Recovery and rehabilitation prospects

Herewe address how fish habitat may respond to charigessual claritythat may occur due to
climate change and catchment erosion control measuiThis includgsredictions of changes in
visual clarityand the implication of those changes for fi¥le also addressow habitat and fish
populations may recover followingycloneGabrielle, including potential rehabilitation of ewf the
panga spawning sites.

8.1 Visualclaritychanges with erosion controls and climate change

A model of sediment sources in the Wairoa catchm&as developed bgesearchers aMWLR (Vale
et al. 2023) Theyapplied the model to assess the potential of a theBorts erosion mitigation
scenario’ to achieveisual claritytargets at seven monitored sites (s€able3-4for the sites and
targets) The mode&lsoincludedthe implications ofpredictedclimate changésix climate change
models, four greenhouse gas emissions trajectoN&se et al. 2023)The mitigation scenario
involvednatural reversion on the most erodible pastoraldiafiand Use Classificatiatass 7e and 8e
corresponding to steep erodible ar@aspaceplanting of trees on remaininiilly pastoralland,and
fencing and riparian planting on streams of ordearfl above.

MWLR also assessed the suspended sediment loaatieduhat would be required to meet visual
clarity targets.The method for relating changessanspendedediment load to changes uisual
clarityis based on the assumption that a given percentuibn in sediment load will achieve the
same reduction in sediment concentratioifhisconcentration reductioncan then be related to
visual clarityusing a powelaw relationship (suspended sediment is a poviianction of visual
clarity)(see also Sectiah4for sedimentvisual clarityrelationship3.

Here we summarise some key results from the MWIdRnts:
For the current climate:
f Mitigation would reduce suspended sediment load$iwired to the coast by 60%

f Fivesites need to reducsuspended sedimenbad to meet thevisual claritypbottom
line (ranging from 3870% reduction). For three of these sites, the naitigns would
movevisual clarityabove the bottom line. The remaining sit&¥diau River at Otoi and
Wairoa River at Railway Bwould notachieve the national bottom line fatisual
claritywith the mitigations; they would need additionslispended sedimenbad
reductionof 48% and 26%, respectivety achieve the bottom line.

With climate change:
f Climate change was predicted to increase suspersadeiimentioads.

f Mitigation would more than offset the increase afspended sedimeribad from
climate change.

f The increase in suspended sedim&rads from climate change means that larger
reductions would be needed to meet thisual clariy targets compared with no
climate change.

f For the five sites that are currently in the D batwhd reductions to meet the bottom
line range from 4383%, depending on the site, period (mid or latetoey), climate
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model, and concentration pathway. This is greatert the 38-70% without climate
change.

To meet the bottom line, additional mitigation beyw the best efforts would range
from 0-58%, compared with-218% without climate change. Three sites would regui
additional mitigation, compared with two withoutiolate change.

8.2 Implications of erosion contrdobr fish

Thevisual claritychanges that could result from the ‘bestforts erosion mitigation scenario’ (Vale et
al. 2023) would have significant implications fishfpopulations in the Wairoa River. The signifilyan
reducedsuspended sediment loads required for downstreamnitaring sites to meet NOF bardl
visual claritycriteria would have positive effects on recruitmentitical habitats, and feeding, growth
and survival rates of resident fishes:

1.

Improvedvisualclarityin the lower Wairoa River is likely to produce ioyped

Uul]P& S]}v & § « }( v -larydé twhitebajty through lower reaches. Itis

0]l oC 8Z 8 U}E %}3 v3] o v If1}% pui{E GEpldeod]Do]SEE]A
The abundance of bandeldf 1} %o ] oJu]s C S$Z <«<po]SC v <u VvS]SC }(
habitat (West et al. 2005)If deposited sediment disnot smother instream refuges,

the risk of predation and displacement during fleodill decrease (Rowe and Smith

2003) An added benefit of an increase in the resideopylation size of banded

[f1}%pn Jv §Z t JE} § Zu v3§ ] tBdr perpfnongsd to attiadt

whitebait recruitsto the river mouth(Baker, C. F. and Montgomery 2001)

A reduction in deposited sediment in the lower WrRiver is likely to enhance the

(}} *U% % 0C Vv +% Av]vP Z Bpasgerded gedEnedbadscan reduce

the density and biomass of benthic invertebrategdombe and MacDonald 1991)

AZ] Z vpu E] 00C E 3Z PE § «§Map}198BUIES likglydald E }
reduction in suspended sediment loads will imprele feeding and growth rates of

& ] vS If E}IX

5v VP +% AvV]vP ¢]5 « E P v E o0o0GniHenceGErpaghes®df 2 5] oo0C
major rivers(Taylor 2002)The critical micrdabitat beneath riparian vegetation that

cv VP e (}E ¢HiskiardJan® Schiel 201H0d cv v &ggs are very

vulnerable to smothering by deposited sediment witbhnsequent mortality of eggs

(Hickford and Schiel 20118 reduction irsuspended sedimerbads in the lower

Wairoa River will reduce the risk of these oblightiitats being smothered by

deposited sediment.

A reduction in suspended sedimdotds in the Wairoa catchment will likely improve

potential po3 Z 13 § (}E -« Z} ®SEWANIgNd I@y2014)owever, it is

important to remember thathe rehabilitationof any diadromous fish specig€g.g.,

P] vS8 If1}%ependlent oran ongoingsupply of new recruits. In the case of

¢ ZYESI A Ifl}%u ~ Vv Pl V3 If1}% pusU |3 WEEHE ES0EZ S ES ER]S
whitebait influxes.

There is some experimental evidence to suggest éhegduction in deposited
sediment is associated with substantial increasesmgfin eel densitieRamezani
2014; Ramezani et al. 2014 widespread reduction in suspended sediment foed
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the Wairoa catchment may increase the extent of ireferred stony substrate
habitat of small and mediurarge longfin eel¢Main et al. 1985; Glova, G. J. et al.
1998) Furthermore, given the territorial nature of lofig eels(Jellyman and Sykes
2003) any increase in the availability of suitable tabmay improve the
feeding/growth of resident eels by easing densigpendent effects.

8.3 Implications ofCycloneGabrielle for fish an@ost-cyclonerecovery
prospects

8.3.1 Mid-catchment fish
5v vP

Aoo 8§Z «3E u+ AZ E cv vP A E uv  v3 v Aad@e CZclone)Gabrjelles E  u
This was caused lilye combination ofoss ofoverhanging vegetation and undercut banks through
vl E}e]}v v ¢ Ju v3 eu}3Z E]JVPX /3 ] % cE VESZE uE4s] 3P V]v3} §.
areas will succumb to avian predation until the karegetation is reestablished. At the six streams
mog of the 1995 riparian vegetation was exotic pagtgrasseslable7-2). These grasses will-re
establish rapidly and naturally on disturbed bamkthout anyintervention. This will provide some
cover, butcv v &e midchannel schoolers, dall riparian protectiorwill require reestablishment
of larger vegetation or overhangReestablishment of larger vegetatiosill bea more longterm
processRecovery ofc v v Rabitat is addressed in Secti8.2

Eels

Eel populationare likely to have reduced as a resulrefluctions in overhanging vegetation and
banks, fining of the streambgfor longfin eels)and reductions of the species they feed on. Ak wi
the species they feed on, the recovery of eel pagiohs relies on a slow successional process that
begins with stabilisation of substrates followed fpgriphyton growth and finally colonisation by
aguatic invertebrates and fisht is very difficult to shortircuit this process or accelerate its pace.

Bullies

Bullies are likely to have faced challenges duesthuction of food resources associated with bed
fining and reduction of cover. Common bully areultatively diadromousthat is, theycan be
diadromous or nofdiadromous, depending on circumstancd€doss et al. 2003 even if there are
no adults remaining within the catchment, whichngst unlikely, new recruits sourced from other
rivers will enter the mouth of the Wairoa Riveraficompleting their marine larval phasEhis
improves the prospects for recove@inah’s bully are nemigratory(Thacker et al. 20230 they
will be dependent on the spread of larvae from suitvg populations within the Wairoa catchment
to replenish/reestablish populations in severely impacted areas.

Torrentfish

One of the three streams that held torrentfish iB95 became unsuitable in 2023 due to siltatain
the stream bedIn these areas, the restablishment of torrentfish will be dependent orposure of
coarser substrates and the recolonisation of inebrate prey species. The timescale for this is
uncertain. Torrentfish are believed to be obliggtediadromougWarburton et al. 2021)so the
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sustainability of Wairoa River populations is degent on the supply of recruits from other rivers. |
such supplies are available, recoyean be rapid provided that there is suitable sulag:

It is likely that common smelt will recover rapidipgm any cycloneelated perturbations because
they are a shortived and ofterdiadromous.

8.3.2 Banga spawning

The Awatere stream spawning s@ppears to have not beeaifected by Cyclone Gabrielle. There
was little deposition on the stream banks atidre was instream cover for spawningy vP X dZ
fences were damaged with subsequent grazielgated damage to the banksidgass Repairs to
damaged protective fencindrigure7-21) will initiate regrowth of bankside vegetatioh can take
yearsfor critical micrehabitat near the groundecoverfollowing damagedHickford and Schiel 2014)
but in this case the damage seems to have beert §gd recovery should be rapid.

dZ ,uE up ~3E u cv vP wdbhdavilwdrmdged by Cyclone Gabridespite thisit
isstill well fenced and there is already some regrowt bankside grasses addncusgpecies
Pasture grassg®.g.,Schedonorus phoenindAgrostis stoloniferag AZ] Z €& Ju%}ES vs (}E c\
spawning will re-establishnaturally. he process could, however, be hastened by dipplication of
seed.Z P €E 0 **U  %}*]3]}v v spEA]A o0 }(UCEEMA+ PREA]Fo®}E C E-
(Hickford and Schiel 201ditil the understory of the bankside vegetation hagckened enough to
H(( E S u% E SuE A£SE u e« v ]8JUIEV ZA Pag % jhwiHickfordRnd P P »
Schiel 2011b)In the interim, artificial spawning habitatsee Hickford and Schiel 20X3juld be
deployed to restart spawning and to support suceksgg development.

8.4 Recommendedurther workon fish recovery

A further survey of potentiabangaspawning locations and assessment options is recendedin a
season when locations can be inspected for eggsfishdabundanceThis is expected to be
conducted in April 2024 as part of other investigas being conductedy NIWAin Hawkes Bay and
d] Z AZ]18] +» % E3 }( Co}v E }A EC %%E}PE uu -

New fishabundanceand macroinvertebrate studies assorecommended to monitor the recovery
of fishin the mid catchmentollowing Cyclone Gabriell¢ghe macroinvertebrate component give an
indication of food sources for fishJhese surveys could be doaiesites that were surveyed
previously (Sectioi.3.1), including quantification of fish abundance, bedbstrate, and riparian
condition. Two sites are being monitored faracrdnvertebrate species under other fundinghe

fish and additionaimacroinvertebratesurveyswould need additional funding

Simple rehabilitation measures of fence reinstatarnandvegetation protectiorshould be
undertaken for theAwatere site Grass seeding and establishment of artificial spagabitat
should be considered for the Huramua Stream site.
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Appendix A Radioisotopes as geological clocks

Radioisotopes are unstable atoms that release exegrgy in the form of radiation (i.e., gamma
rays, alpha particles) in the process of radioactiecay. The radioactivdecay rate can be
considered fixed for each type of radioisotope anig@ this property that makes them very useful as
geologial clocks. The halife (t12) of a radioisotope is one measure of the radioaetiecay rate

and is defined as the period taken for the quantifya substance to reduce by exactly half.
Therefore, after two halfives only 25% of the original quantigmains.

The 2 value of radioisotopes also defines the timescalerowvhich they are useful for dating. For
example 2!%Pb (naturally occurring radioisotope) has a Hiééf of 22 years and can be used to date
sediments up to seven hdlifres old or about 150 years. Dating®3Pb is based on the rate of
decrease in unsupported @xces$'%Phb activity with depth in the sediment. Excé¥®b is produced
in the atmosphere and is deposited continuouslytioa earth’s surface, where it falls directly into
the seaor on land. Like other radioisotoped%Ph is strongly attracted to fine sediment particles
(e.g., clay and silt), which settle out of the wat®lumn and are deposited on the seab&dPb also
falls directly on land and is attached to soil peldgs. When soils are eroded, they may eventually b
carried into estuaries and the sea and provide &eotsource of exce€s’Ph. As these fine
sediments accumulate on the seabed and bury ol@gliments over time, the exce$¥Pb decays at
a constant rate (i.e the halflife). The rate of decline in exced%Pb activity with depth also depends
on the local SAR. Slow decline$!fRb activity with depth indicate rapid sedimentatiamereas
rapid declines indicate that sedimentation is oating more slowly. More details 6t%Pb dating are
described below.

Although radioisotopes can occur naturally, othare manufactured. CaesiuvdB87 ¢1> = 30 yr) is an
artificial radioisotope that is produced by the dettion of nuclear weapon or by nuclear reactors.
In New Zealand, the fallout of caesitiii7 associated with atmospheric nuclear weaponsstesis
first detected in 1953, with peak deposition ocdag during the miel960s. Therefore, caesiutr87
occurs in sediments deposited since the early 1990 feeding and burrowing activities of benthic
animals (eg., worms and shellfish) can complicate matters tudownward mixing of younger
sediments into older sediments. Repeated reworlahgeabed sediments by waves also mixes
younger sediment down into older sedimentsray images and shotived radioisotpes such a&Be
(tu2= 53 daypcan provide information on sediment mixing proses.

210pp dating

219Pp (42, =22.3 y) is a naturally occurring radioisotope that hasbevidely applied to dating
recent sedimentation (i.e., last 150 yrs) in lakestuaries and the se&igureA-1). 21%Pb is an
intermediate decay product in the uraniu@88 ¢2%U) decay series and has a radioactive decay
constant k) of 0.03114 yt. The intermediate parent radioisotope radit?26 ¢?°Ra, haHife 1622
years) yields the inert gas rad@22 ¢2?Rn, hallife 3.83 days), which decays through several short
lived radioisotopes to producé®hb. A proportion of thé*’Rn gas formed b§°Ra decay in
catchment soils diffuses into the atmosphere whérdecays to fornt°Pb. This atmospherf¢Pb is
deposited at the earth surface by dry depositionrainfall. The!%Pb in estuarine sediments has two
components: supported®Pb derived fronin situ??’Rn decay (i.e., within the sediment column) and
an unsupported*®Pb component derived from atmospheric fallout. Thisupportec®°Pb
component of the totaP*®Pb concentration in excess of the supporté®b value is estimated from
the *Ra assay (see below). Some of this atmosphericppwsted >°Pb component is also
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incorporated into catchment soils and is subsequigrtroded and deposited in estuaries. Both the
direct and indirect (i.e., soil inputs) atmosphetitPb input to receiving environments, such as
estuaries, is termed the unsupported or excé&$Pb.

The activity profile of unsupported®Pb in sediments is the basis f&%Pb dating. In the absence of
atmospheric (unsupported}’Pb fallout, the’?®Ra and*Pb in estuary sediments would be in
radioactive equilibrium, which results from the stiéntially longef?°Ra haHife. Thus, thé'%Pb
activity profile would be uniform with depth. Hower; what is typically observed is a reduction in
219pp activity with depth in the sediment column. Thislue to the addition of unsupported®Pb
directly or hdirectly from the atmosphere that is deposited tvisediment particles on the bed. This
unsupported?®Pb component decays with age< 0.03114 yt) as it is buried through
sedimentation. In the absence of sediment mixirgg tinsupported'°Pb activity decays
exponentially with depth and time in the sedimemiemn. The validity of'%Pb dating rests on how
accurately thee!%Pb delivery processes to the estuary are modelded] in particular the rates of
21%pp and sediment inputs (i.e., constant versus tiragable).

: 238y - 2°pp decay series

= basis for dating

2220 o direct
indirect deposition
deposition
22
°Ra
soil erosion
*?Rn o
= in situ decay
226R 4

profile = f (supply rate,
source, SAR, particle size, mixing)

FigureA-1: 2'%Pb pathways to estuarine sediments
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137Cs dating

137Cs was introduced to the environment by atmospheiclear weapons tests in 1953, 198956
and 19631964. Peaks in annu&Cs deposition corresponding to these dates arettbeal basis for
dating sediments (Wise, 1977, Ritchie and McHeh®@9). Although direct atmospheric deposition
of ¥’Cs in estuaries is likely to have occurréd;s was also incorporated into catchment soils, some
of which have been eroded and deposited in estusfiégureA-2). In New Zealand®'Cs deposition
was first detected in 1953 and its annual depositwoas measurable at several locations until 1985.
Annual®®*'Cs deposition can be estimated from rainfall usingwn linear relationships between
rainfall and Strontiur®0 °Sr) and measuret’CsP°Sr deposition ratios (Matthews, 1989).
Experience in a number of NZ estuaries showsfti@s profiles measured in estuarine sediments
bear no relation to the record of annu&fCs deposition (i.e., 1955956 and 19631964*'Cs
deposition peaks absent), but rather preserve soreoof direct and indirect (i.e., soil erosion)
atmospheric deposition since 1953 (e §wales et al. 2002a,b, 2012).

source : atmospheric nuclear
weapons tests

NZ: first detected in 1953

indirect direct
deposition deposition
soil erosion

in soil

Maximum **'Cs depth - SML = post-1953 sediments

FigureA-2: 13"Cs pathways to estuarine sediments.

The maximum depth df’Cs in sediment deposits is the usual basis fondaiti New Zealand
estuaries a$*'Cs is derived from eroded catchment soils as wetlieect atmospheric deposition.
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The maximum possible depth BfCs occurrence in sediment cores (corrected forrsedit mixing)

is taken to coincide with the year 1953, wh&fCs deposition was first detected in New Zealands Th
assumes that there was negligible delay in inatahospheric deposition df’Cs in estuarine
sediments (e.g1*'Cs scavenging by suspended particles), whereaslgma*'Cs input to estuaries
associated with topsoil erosion are likely.

Due to the low initial*’Cs activities in the 1950s and subsequent radivadfiecay since that time
(i.e., ~2 haHife’s, [t2 = 30 years]), theetectablemaximum**'Cs depth will date to sometime
during 19521963 period, and more likely towards the end ofstperiod. Uncertainty in the
maximum depth ot*’Cs also results from: (1) the depth interval betwesediment samples and (2)
minimum detectable activity df’Cs, which is primarily determined by sample siz#: @unting

time. If a surface mixelhyer (SML) is evident in a core, as shown by-yxmage and/or a tracer
profile (e.g./Be,?°Pb) then**'Cs is likely to have been rapidly mixed through $ML. Therefore, to
calculate timeaveraged sedimentation rates, the maximum depth*€s occurrence is reduced by
the maximum depth of the SML.

Sediment accumulation rates

Timeaveraged SAR were estimated from the unsuppofiéeb ¢°Ph.,) concentration profiles
preserved in cores. The rate ¥fPh.« concentration decrease with depth can be used ttceokate a
net sediment accumulation rate. TREPh.« concentration at time zerdd, Bq k¢f), declines
exponentially with aget):

G Ge" (1)

where k is the radioactive decay constantfPb k= 0.03114 y#). Assuming that within a finite
time period, sedimentation§) or SAR is constant thérz/S(where z is depth in the sediment
column) can be substituted into Eq. 2 and byareangement:

In <0

$~ »

e 7 kIS 2)
VA

Becausé&®Ph, concentration decays exponentially and assuming #ealiment age increases with
depth, a vertical profile of natural log(should yield a straight line of slope=-k/S We fitted a
linear regression model to naturdg transformed*°Pb concentration data to calculake The SAR
over the depth of the fitted data is given by:

S=-(K)/b €)

An advantage of thé'%Pb-dating method is that the SAR is based on the entiiPh. profile rather
than a single layer, as is the casefd€s. Furthermore, if th€'Cs tracer is present at the bottom of
the core then the estimated SAR represents a mimmualue.

The®®*'Cs profiles were also used to estimate tiaeeraged SAR based on the maximum depth of
B37Cs in the sediment column, corrected for surfac&ing. The*’Cs SAR is calculated as:

S=M-D/T-To 4
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where S is thé®'Cs SAR, M is the maximum depth of ¥{€s profile, L is the depth of the surface
mixed layer (SML) indicated by tH&e profile and/or xay imagesT is the year cores were collected
andTois the year (1953Y'Cs deposition was first detected in New Zealand.
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